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Editorial on the Research Topic
 Climate change challenge: adaptation to climate change




Climate change is one of the defining challenges of our time and requires a multidisciplinary approach to understand and address it. Psychology plays a central role in understanding human behavior in relation to the transition to lower-carbon lifestyles and adaptation to the effects of climate change. This Research Topic has brought together recent empirical studies highlighting the current state of research on climate change adaptation, from various psychological perspectives, including environmental psychology, social psychology, clinical psychology, and developmental psychology, incorporating findings from other sciences, and following up on previous similar collections published in this section (e.g., Pirchio et al., 2020) or other sources (e.g., Carrus et al., 2020; De Gregorio et al., 2023). However, the focus here is on the psychological, educational, and design implications of adaptation strategies across various cultures and regions of the world. In addition, the papers included in the present Research Topic suggest how psychological insights can influence interventions to strengthen resilience and promote collective action, at various levels, such as local and global (from the environmental and economic point of view), or individual, collective and societal (from the psychological point of view). Likewise, the variety of empirical and theoretical contributions of this Research Topic describes the different possible types of mechanisms supporting climate change action, such as preventive, responsive, or recovery resilience functions, for example.

At a global level, an interesting question we have addressed in this Research Topic is the following: what contribution can psychology make to achieving the UN Sustainable Development Goals (SDGs)? Psychologically, this involves questions related to the perception of the different aspects of climate change, and of the related implications in terms of developing adequate programs of education and training for ecologically appropriate behavior, as well as setting up the conditions for increased collective responsibility and implementing effective interventions to promote environmentally conscious attitudes and behaviors. This aspect also touches the problem of environmental inaction and attitude-behavior gaps in pro-environmental action (e.g., Klöckner, 2013) which, in turn, has been linked to the issue of climate change skepticism and anti-scientific stances (e.g., Gligorić et al., 2025). According to various studies, climate change denialism may also be conflated with political and ideological orientations (e.g., Carrus et al., 2018a), especially in the USA, while apparently less so in other parts of the world (e.g., Calonge-Reillo, 2025; Hornsey et al., 2018).

At a more local level, it is also important to understand how specific psychological concepts can be applied to create conditions for a more sustainable adaptation to climate change processes, in real life settings. From this point of view, resilience has proven to be a successful adaptation strategy, functioning at different levels, and allowing for different adaptation strategies in the relation between the individuals and their surrounding environments (e.g., Steinebach and Langer, 2019).

Human resilience in relation to climate change may in fact operate at multiple levels, each contributing to enhance our adaptive capacity to cope with increasingly demanding environmental conditions. At an individual level, resilience may imply a personal readiness to undertake adaptive behaviors in different domains, such as more sustainable consumption or more sustainable technology adoption, although negative trade-offs between climate change adaptation and mitigation measures may also occur (e.g., Moser, 2012). At a collective level, resilience processes have been related to social networks, place attachment and identity, community ties and local initiatives, which may have a positive role for the promotion of adaptive capacity and collective efficacy in relation to environmental challenges. Specific features of the physical environment can also help resilience in relation to climate change, such as the presence of nature in urban settings (Hartig et al., 2014), walkability (Brown et al., 2007) or other urban affordances (e.g., Carrus et al., 2018b). These different features of resilience can in turn help to the develop preventive, responsive or recovery strategies, across different types of climate impacts, and focusing either on the reduction of risks, the addressing of primary needs, and the recovery of functional resources.

Psychologically, resilience is defined as the positive coping of a system in its environment in the sense of a sustainable change, in order to respond appropriately to short-term or long-term everyday challenges or severe stresses. Based on internal processes, the system interacts with the environment to define new reference values, develop the necessary competencies for self-development and positive adjustment to environmental conditions, and improve its ability to cope well with future challenges. In the context of climate change, such resilient adaptation also includes processes of accommodation and assimilation. We must not forget that, in addition to climate change, other risks also require special attention in present-day globalized human societies. If we follow the risk analyses of the World Economic Forum, for example, there are short- and medium-term risks associated with the cost of living, natural disasters and extreme weather events, the failure of climate protection measures, the erosion of social cohesion and societal polarization, the consequences of large-scale involuntary migration, widespread cybercrime and cyber insecurity, as well as the depletion of natural resources and large-scale environmental damage. All these risks may emerge independently of each other, but they also reinforce each other, thereby amplifying their negative effects.

Against this backdrop, the articles in this Research Topic address some very fundamental questions: what role do environmental emotions play when it comes to mental health or environmental activism? These articles examine the concept of ecological emotions, i.e., emotions that people experience in response to the environmental crisis (see articles listed in Table 1 as n. 2, 7, 9, 10, 12). It is argued that these emotions, such as eco-anxiety and eco-grief, are natural reactions and can serve as motivators for collective action. Eco-generativity is a concept that examines the negative emotional response to climate change (eco-anxiety). The authors propose eco-generativity as a way of dealing with eco-anxiety by focusing on finding solutions and working toward a sustainable future. Climate change anxiety (CCA) is a specific type of anxiety caused by the threat of climate change. While messages that focus on the negative consequences of climate change can increase anxiety, anxiety alone does not necessarily lead to action. Anger is seen as a more important factor in motivating people to act against climate change. A new tool for measuring climate change skepticism has been developed that captures beliefs related to climate change denial. The study found that political ideology is the most consistent predictor of climate change skepticism, and that “dark” personality traits also correlate with climate change skepticism.

TABLE 1  List of articles included in this RT.


	1) Albrecht, S. L., Donnelly, T., Frenkiel, M., Rajic, S. K., Kavadas, V., and Leiter, M.P. (2023). Pro-environmental employee engagement: the influence of pro-environmental psychological capital, pro-environmental job resources, and perceived corporate environmental responsibility. Front. Sustain. 4:1117892. doi:10.3389/frsus.2023.1117892



	2) Borzino, N., Chng, S., and Schubert, R. (2025). Outdoor thermal comfort and cognition impact pro-environmental behaviors: evidence from a field experiment in the tropics. Front. Psychol. 16:1472852. doi:10.3389/fpsyg.2025.1472852



	3) Branham, L. (2024). Embodied earth kinship: interoceptive awareness and relational attachment personal factors predict nature connectedness in a structural model of nature connection. Front. Psychol. 15:1400655. doi:10.3389/fpsyg.2024.1400655
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	7) Di Fabio, A., and Svicher, A. (2024). The challenge of eco-generativity. Embracing a positive mindset beyond eco-anxiety: a research agenda. Front. Psychol. 15:1173303. doi:10.3389/fpsyg.2024.1173303



	8) Leka, J., and Furnham, A. (2024). Correlates of climate change skepticism. Front. Psychol. 15:1328307. doi:10.3389/fpsyg.2024.1328307



	9) Lerolle, A., Micoulaud-Franchi, J.-A., Fourneret, P., Heeren, A., and Gauld, C. (2025). Exploring the relationship between eco-anxiety and suicide risk in adolescents with mental health disorders: insights from a cross-sectional observational study. Front. Psychol. 15:1408835. doi:10.3389/fpsyg.2024.1408835



	10) Lundheim, S. H., and Löfström, E. (2025). Wind energy development in Norway: exploring the emotional landscape. Front. Psychol. 16:1386921. doi:10.3389/fpsyg.2025.1386921



	11) Muffato, V., Miola, L., Pazzaglia, F. and Meneghetti, C. (2025). Are explorers greener? Investigating the role of personality traits, connectedness to nature and attitudes toward exploring in various pro-environmental behaviors. Front. Psychol. 15:1404095. doi:10.3389/fpsyg.2024.1404095



	12) Qiu, S., and Qiu, J. (2024). From individual resilience to collective response: reframing ecological emotions as catalysts for holistic environmental engagement. Front. Psychol. 15:1363418. doi:10.3389/fpsyg.2024.1363418



	13) Serpa-Barrientos, A., Pérez-Flores, E. G., Bellido-Figueroa, G. M., and Saintila, J. (2023) Evidence of validity and reliability of the environmental action scale in Peruvian university students. Front. Psychol. 14:1232397. doi:10.3389/fpsyg.2023.1232397



	14) Simon, C. E., and Merten, M. J. (2024). Better climate action through the right knowledge? Development and validation of an item-response-theory scale measuring climate effectiveness knowledge. Front. Psychol. 15:1347407.doi:10.3389/fpsyg.2024.1347407



	15) Thomson, E. E., and Roach, S. P. (2023). The relationships among nature connectedness, climate anxiety, climate action, climate knowledge, and mental health. Front. Psychol. 14:1241400. doi:10.3389/fpsyg.2023.1241400



	16) Tian, J., Zheng, X., and Sun, Y. (2023). Fostering public climate change discussions from a social interaction perspective. Front. Psychol. 14:1258150. doi:10.3389/fpsyg.2023.1258150



	17) von Gal, A., Fabiani, G., and Piccardi, L. (2024). Climate change anxiety, fear, and intention to act. Front. Psychol. 15:1341921. doi:10.3389/fpsyg.2024.1341921



	18) Weihgold, V. (2024). Moral submissiveness: social origin as a vulnerability for well-being on a warming planet. Front. Psychol. 15:1355736. doi:10.3389/fpsyg.2024.1355736



	19) Miller, L. B., and Rice, R. E. (2025). Psychological distance and pro-environmental behavior: insights from wildfire-affected PCT hikers. Front. Psychol. 16:1481964. doi:10.3389/fpsyg.2025.1481964







Another important theme addressed in this Research Topic related to the role played by social discourse and social networks, and how can a meaningful public discussion about climate change be promoted (see articles listed in Table 1 as n. 1, 4, 6, 8, 16, 18). Positive social interaction is in fact crucial for promoting healthy public discussions on climate change. People are more likely to talk about climate change if they believe their conversations will be effective. Social norms also play a role, as people are more likely to participate in climate change discussions if this is common in their social group. The articles in this Research Topic also examine the relationship between moral submissiveness, social origin, and wellbeing in the context of climate change. These studies show that people from less advantaged social groups are more likely to develop a sense of learned helplessness, which can make them more vulnerable to the negative effects of climate change. Moral submissiveness is the tendency to submit to others even when it goes against one's own morals, and can lead to learned helplessness, where one believes to have no control over negative outcomes in life. To promote wellbeing in the context of climate change, it is therefore crucial to consider specific social factors that influence people's wellbeing, such as moral attitudes and sense of agency.

But how do these factors change environmental behavior? This question is addressed by articles listed in Table 1 as n. 3, 5, 11, 13, 14, 15, 17, 19.

In high-income countries, more and more people view climate change as a personal threat. However, there is still a gap between awareness and action. Psychological distance may be crucial in this regard, as showed in this Research Topic: the higher the psychological distance, the lower the likelihood of developing climate-related attitudes and undertaking appropriate climate behaviors. Articles published in this Research Topic also propose a research agenda to understand what motivates people to take action against climate change. Research on the relationships between nature connection, climate anxiety, and climate action also shows that climate anxiety can be associated with poor mental health, but that nature connection can influence climate action. Climate competence also plays a role, as nature connection seems to work positively especially for people with adequate climate knowledge. To this aim, the cross-cultural validation of standardized measurement tools is also important, such as in the case of the Environmental Action Scale (EAS), which measures an individual's self-reported commitment to environmental behavior. As suggested by a study applying the EAS to Peruvian university students, this scale may be a reliable and valid instrument for measuring environmental actions in different populations and cultural and geographical contexts.

From a more organizational point of view, researches collected here also examine the factors that influence employee engagement in corporate environmental measures and how societal and macroeconomic scenarios (such as example digitalization) may interact with individual behaviors in relation to climate change (see articles listed in Table 1 as n. 1 and 5). For example, a model is proposed that integrates perceived corporate environmental responsibility, environmental work resources, and environmental psychological capital to predict employees' environmental commitment. The results of this study show that all three factors positively influence employees' environmental commitment. Digital transformation may also contribute to climate change adaptation, as research in this Research Topic seem to suggest. In highly polluting companies, digital transformation can for example improve the green total factor productivity (GTFP, which is a measure of a company's environmental and economic efficiency). Digital transformation can significantly improve GTFP by promoting green innovation and management efficiency, thus reducing external transaction costs. However, the effects of digital transformation are heterogeneous across industries.

In conclusion, we believe that the articles included in this Research Topic, covering a wide range of conceptual approaches, methods and disciplinary backgrounds, represent a good starting point to set up the discussion about the psychological factors related to human adaptation to climate change, and an interesting benchmark fort future empirical studies and theoretical reflections about the psychological antecedents and consequences of climate change adaptation.
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For organizations to achieve their environmental obligations and objectives, they need employees to actively engage with environmental policies, practices, procedures, and initiatives. Based on engagement theory, a model is proposed that shows how perceived corporate environmental responsibility, pro-environmental job resources, and pro-environmental psychological capital influence employee pro-environmental engagement at work. Survey responses were collected from a Prolific sample of 347 full-time and part-time employees, aged 18–80, working within Australian organizations across a range of occupations. Confirmatory factor analysis and structural equations modeling provided broad support for the measures and the relationships proposed in the model. The model explained 64% of the variance in pro-environmental job resources, 90% of the variance in pro-environmental psychological capital, and 92% of the variance in pro-environmental engagement. Overall, the results suggest that for employees to feel enthusiastic and involved in pro-environmental initiatives at work, an integrated approach that takes account of perceived corporate environmental responsibility, pro-environmental job resources, and pro-environmental psychological capital is required. The results also provide brief, defensible measures of pro-environmental PsyCap, pro-environmental job resources and pro-environmental engagement that can be used to assess and target employee attitudes toward pro-environmental initiatives and opportunities. As such, the pro-environmental engagement model can help guide the design and implementation of evidence-based employee-focused interventions that will help achieve environmental sustainability objectives.

KEYWORDS
pro-environmental employee engagement, pro-environmental psychological capital (PsyCap), pro-environmental job resources, perceived corporate environmental responsibility, pro-environmental engagement model, pro-environmental supervisor support


Introduction

The climate crisis is not going away, and organizations are under increasing pressure to act in environmentally responsible ways (Albrecht et al., 2022a). In response, many organizations are embedding environmental sustainability at the heart of their corporate strategy, and enacting policies and practices that encourage or compel employees to act in environmentally responsible ways (Magill et al., 2020). However, many organizational responses take the form of piecemeal and disconnected initiatives (e.g., encouraging employee recycling and printing paper double-sides) that, by themselves, do not lead to optimal environmental outcomes (Termeer et al., 2017; Unsworth et al., 2021). Theoretically grounded, evidence-based, systematic, and integrated approaches are needed.

For organizations to achieve meaningful environmental sustainability objectives, they need employees to be positively and proactively engaged in environmental policies, practices, procedures, and initiatives (Benn et al., 2015; Islam et al., 2019; Albrecht et al., 2022a). Organizations therefore need to provide employees with the organizational, job and personal resources that will enable them to develop, maintain, and increase their pro-environmental engagement (Sweetman and Luthans, 2010; Magill et al., 2020; Albrecht et al., 2022a). In this paper, the construct of pro-environmental psychological capital is introduced as a personal resource. Pro-environmental psychological capital (P-E PsyCap) is introduced within an integrated theoretical framework aimed at helping organizations understand how perceived corporate environmental responsibility, pro-environmental job resources, and pro-environmental psychological capital inter-relate to drive and sustain employee pro-environmental engagement. Having first introduced the idea of pro-environmental engagement, we then draw from the literature to argue in support of the relationships modeled in Figure 1.


[image: Diagram illustrating relationships among variables. Perceived Corporate Environmental Responsibility influences P-E PsyCap and P-E Job Resources, which affect Pro-Environmental Engagement. P-E PsyCap includes Hope, Optimism, Resilience, and Self-Efficacy. P-E Job Resources encompass Supervisor Support, Coworker Support, Involvement, and Information. Arrows represent hypothesized pathways, labeled H1 to H6.]
FIGURE 1
 Proposed model. P-E, Pro-Environmental; PsyCap, Psychological Capital; Super Spt, Supervisor Support; Cowkr Spt, Co-worker Support.



Pro-environmental engagement

Pro-environmental (P-E) engagement, as a construct, is an analog of work engagement. As such P-E engagement has been defined as “an enduring and positive work-related psychological state characterized by a genuine enthusiasm and willingness to support, adopt and promote work-related environmental sustainability” (Albrecht et al., 2022a; p. 2). Along similar lines, ‘green engagement' has been defined in terms of the vigor, dedication, and absorption employees invest in pro-environmental activities, behaviors, and tasks (Aboramadan, 2022).

Drawing from conservation of resource theory (Hobfoll, 1989) and Job-Demands Resource theory (Bakker and Demerouti, 2017), researchers have shown that job, personal, and organizational resources positively influence work engagement (Albrecht et al., 2018; Vilariño del Castillo and Lopez-Zafra, 2021; Giancaspro et al., 2022). Extending such research, environmental-specific job, personal, and organizational resources have been shown to positively influence pro-environmental attitudes and behaviors. For example, perceived corporate environmental responsibility, green human resource management practices, pro-environmental supervisor support, pro-environmental information, and pro-environmental meaningful work have been shown to be associated with pro-environmental engagement and green innovative work behavior (Lasrado and Zakaria, 2020; Vilariño del Castillo and Lopez-Zafra, 2021; Aboramadan, 2022; Albrecht et al., 2022a). Furthermore, researchers have called for additional research to establish if personal resources such as hope, optimism, self-efficacy, and resilience, as elements of psychological capital (Luthans et al., 2007), are also associated with pro-environmental (P-E) engagement (Albrecht et al., 2022a). Overall, the present study aimed to extend previously established relationships (Albrecht et al., 2022a) by determining the relationships between perceived corporate environmental responsibility, pro-environmental (P-E) job resources, P-E psychological capital, and P-E engagement. The proposed model is shown in Figure 1 and elaborated below.



Perceived corporate environmental responsibility

Perceived corporate environmental responsibility (PCER) refers to employee perceptions about their organization's priorities, practices, policies, and initiatives aimed at protecting and preserving the natural environment (Tian et al., 2020; Albrecht et al., 2022a). PCER is an organizational resource that targets the environmental component of Corporate Social Responsibility (CSR). Although CSR has been found to be associated with pro-environmental behaviors, job performance, co-worker support, and engagement (Gond et al., 2017; Unsworth and McNeill, 2017; Afsar and Umrani, 2020; Ahmad et al., 2020), only a limited amount of empirical research has focused on the relationship between the environmental component of CSR and P-E engagement. In a recent study, Albrecht et al. (2022a) found that PCER had positive associations with pro-environmental job resources and pro-environmental engagement, and an indirect effect on perceived meaningfulness of work, through pro-environmental job resources. For present purposes, as shown in Figure 1 and as explained below, it is proposed that there will be direct positive associations between PCER and P-E job resources (H1), P-E psychological capital (H2), and P-E engagement (H3). Consistent with previous research (Albrecht et al., 2022a), although not explicitly modeled in Figure 1, it is also proposed that PCER will have positive indirect effects on P-E engagement through P-E job resources, and P-E psychological capital.



Pro-environmental job resources

Meta-analytic research has shown that supervisor support, co-worker support, involvement, and information are among the key job resources that influence engagement (Lesener et al., 2019; Mazetti et al., 2021). Pro-environmental analogs of these job resources have been shown to be associated with P-E engagement or related constructs (Yuriev et al., 2018; Afsar and Umrani, 2020; Albrecht et al., 2022a). P-E supervisor support refers to an employee's perception that their supervisor cares for, promotes, and provides support for environmentally sustainable practices at work (Albrecht et al., 2022a). P-E involvement refers to employees perceiving they have opportunities to be involved in P-E initiatives so that they feel personally connected to pro-environmental initiatives (Albrecht et al., 2022a). Similarly, P-E information refers to how well informed employees feel about P-E initiatives at work. Employees who are more informed, involved and supported in P-E initiatives are more likely to engage with them (Albrecht et al., 2022a).

The current study builds on existing literature by introducing pro-environmental co-worker support as an additional pro-environmental job resource. P-E co-worker support refers to the extent that employees perceive their co-workers support, encourage, and have positive beliefs about corporate environmental responsibility. Although only a limited amount of research has shown co-worker support to be positively associated with engagement (Simpson, 2009; Truong et al., 2021), numerous studies suggest that peer support and co-worker support influence positive psychological states, behavior, and performance (Chiaburu and Harrison, 2008; Chiaburu et al., 2013; Ng and Sorensen, 2018). On the basis of such previous research and theory, it is here proposed that pro-environmental co-worker support, as a pro-environmental job resource, will explain unique variance in pro-environmental engagement beyond the variance explained by previously researched pro-environmental job resources (see Figure 1). More broadly, it is proposed that P-E job resources, modeled as a higher order construct, will be positively associated with P-E psychological capital (H4) and P-E engagement (H5). Additionally, although not explicitly modeled in Figure 1, it is also proposed that P-E job resources will have a positive indirect effect on P-E engagement through P-E psychological capital (Paillé et al., 2013; Afsar and Umrani, 2020; Albrecht et al., 2022a).



Pro-environmental psychological capital

Psychological Capital (PsyCap) as a construct consists of four positive psychological resources—hope, optimism, resilience, and self-efficacy. Luthans et al. (2007), drawing from positive organizational behavior theory, applied strict inclusion criteria to conceptualize and define PsyCap as a higher order construct that explains the relationships among each of its four intercorrelated components. Luthans et al. (2007) proposed that PsyCap and its constituent elements are state-like vs. trait-like, and that they are therefore malleable and able to be developed. Meta-analyses and reviews have shown that PsyCap is positively associated with numerous attitudes, behaviors, and positive performance outcomes (Avey et al., 2011; Newman et al., 2014; Donaldson et al., 2020; Shah et al., 2023). Furthermore, PsyCap, as a synergistic higher-order construct, has been shown to explain more variance in outcome measures than the sum of its four constituent parts (Luthans et al., 2007).

Acknowledging that throughout the research literature there are numerous competing definitions and measures of each of the four PsyCap constructs, Luthans et al.'s (2007) definitions and measures have been widely researched and widely validated (Newman et al., 2014). With respect to the individual components of PsyCap, hope is a motivational state reflected in a positive anticipation about achieving desired goals (Luthans et al., 2007; Vilariño del Castillo and Lopez-Zafra, 2021). Optimism is reflected in a positive view about current and future success. Self-efficacy is reflected in an individual's confidence to use their resources to successfully achieve challenging tasks within a given context. Resilience reflects a capacity to successfully bounce back from adversity, conflict, and challenge (Vilariño del Castillo and Lopez-Zafra, 2021).

Beyond its status as a generic personal resource, researchers have suggested that PsyCap, and its constituent elements, can be adapted to apply in domain-specific contexts. Jimmieson et al. (2004), for example, showed that domain-specific change-related self-efficacy had a direct and positive influence on employee attitudes to change. Similarly, Albrecht et al. (2020) suggested that change-related PsyCap, change-related hope, change-related optimism, change-related resilience, and change-related self-efficacy will predict positive employee attitudes to change.

For present purposes, pro-environmental (P-E) PsyCap was adapted from the original conceptualization (Luthans et al., 2007) to a domain-specific pro-environmental context. In contrast to the original conceptualization, previous research on pro-environmental PsyCap conceptualized it as a unidimensional, first order construct, measured with four-items (Nisar et al., 2022). Furthermore, such previous research has not examined P-E PsyCap within a coherent theoretical framework that takes into account the influence of pro-environmental organizational, job and personal resources on P-E pro-environmental engagement. For present purposes, because hope, optimism, resilience, and self-efficacy all require individuals to view their environment positively, and to anticipate and successfully adapt to change (Albrecht et al., 2020), as per Figure 1, it is proposed that pro-environmental PsyCap, modeled as a higher order construct, will be positively associated with pro-environmental engagement (Ho 6).



Aims

The research makes a number of contributions to the engagement and pro-environmental sustainability literatures. As previously noted, a model is tested that proposes how pro-environmental organizational, job and personal resources influence employee pro-environmental engagement (see Figure 1). More specifically, pro-environmental psychological capital (P-E PsyCap) is introduced as a construct that is proposed, in part, to explain the influence of P-E organizational and P-E job resources on pro-environmental engagement. Pro-environmental co-worker support is introduced as a previously unexamined P-E job resource. Overall, by considering the relationships between P-E organizational, P-E job resources and P-E psychological capital, the research potentially provides organizations with a theory-based and integrated framework to advance their environmental sustainability outcomes through increased employee pro-environmental engagement.




Methods

Participants and Procedure: Participants sourced via Prolific were invited in 2022 to participate in an online survey focused on their pro-environmental experiences at work. Prolific is an online platform that provides researchers with access to paid participants that meet specific inclusion criteria. Participants were required to be aged 18 years or over, to work a minimum of 15 h per week, and to have worked for at least 3 months within an Australian organization of 15 or more employees. Recent research has shown that data derived from Prolific has similar psychometric properties to meta-analytic results derived from more conventionally sourced survey data (Walter et al., 2019; Albrecht et al., 2020). The invitation to participate included a Plain Language Statement approved by the researchers' University Ethics Committee.

Broadly consistent with the profile of previous Prolific samples (e.g., Albrecht et al., 2022b), of the 347 participants, 171 (49.3%) were female, and 171 (49.3%) were male. Age ranged from 18 to 80 years (M = 34.32), organization size ranged from 15 to 300,000 employees, and employee job tenure ranged from 6 months to 60 years. Respondents reported their occupation as manager (9.2%), professional (34%), technical and trades worker (4.3%), community and personal service worker (7.5%), clerical and administrative worker (17%), sales worker (11.2%), machinery operator or driver (0.9%), laborer (5.2%) or other (10.7%). Participants identified as team members (64.6%), team leaders (14.1%), managers (8.1%) or other (7.8%), and reported working full-time (57.1%), part-time (29.4%) or casual at more than 15 h per week (11.8%). A power analysis showed that the sample size used in the analyses (N = 347) exceeded the minimum sample size (N = 200) needed to test the proposed model (Soper, 2022).


Measures

Given that a minimum of three items are sufficient to define a construct (Jöreskog and Sörbom, 1993), 30 items were used to measure 10 constructs reflecting organizational, job, and personal pro-environmental resources, as well as pro-environmental employee engagement. The items were drawn or adapted from previously validated scales to reflect a focus on environmental sustainability. All items were anchored on a seven-point Likert scale (1 = strongly disagree to 7 = strongly agree).



Perceived corporate environment responsibility

Perceived corporate environment responsibility (PCER), was measured using the three items from Albrecht et al. (2022a) adaptation of Glavas and Kelley (2014) perceived corporate social and environmental responsibility scale. The items included ‘This organization takes great care that our work does not hurt the environment'. Albrecht et al. (2022a) reported a Cronbach's alpha of α = 0.90 for the same set of items.



Pro-environmental job resources

Pro-environmental involvement, information and supervisor support were measured using three item scales from Albrecht et al. (2022a). Items included “I get enough opportunities to be involved in initiatives aimed at improving our environmental impact”; “I am clearly informed about the reasons underlying proposed environmental sustainability initiatives”, and “the person I report to actively encourages me to come up with ways to work in a more environmentally sustainable way”. Albrecht et al. reported Cronbach's alphas of α = 0.92, α = 0.92 and α = 0.89 for the three scales. Pro-environmental co-worker support was measured using a scale adapted from Paillé et al. (2013) and Albrecht et al. (2022a), who reported Cronbach's alphas of α = 0.90 and 0.92, respectively, for similarly constructed scales.



Pro-environmental psychological capital

The four constructs hope, optimism, resilience, and self-efficacy were each measured using three items adapted from Luthans et al. (2007) psychological capital questionnaire and Lorenz et al. (2016) Compound PsyCap Scale. Items were adapted to fit the context of environmental sustainability. Items for pro-environmental hope included “There are lots of ways around any environmental sustainability problems that I am now facing”. Items for pro-environmental optimism included, “I think things will work out well regarding environmental sustainability in this organization”. Items for pro-environmental resilience included, “Dealing with difficult environmental sustainability issues at work enables me to learn and develop”. Items for pro-environmental self-efficacy included, “I am confident of my ability to implement any environmental initiatives that the organization promotes”.



Pro-environmental engagement

Pro-environmental engagement was measured with three items from Albrecht et al. (2022a). Items included “I am enthusiastic about environmental sustainability initiatives in this organization”. Albrecht et al. (2022a) reported a Cronbach's alpha of α = 0.82 for the same scale.



Data analytic strategy

A two-stage approach was applied to the analyses (Anderson and Gerbing, 1988). First, confirmatory factor analysis (CFA) was conducted to assess the goodness of fit of the measurement model. The fit for proposed and alternative models was determined with reference to recommended criteria (Hu and Bentler, 1999; Kline, 2016): ratio of chi-square to degrees of freedom (χ2 /df ≤ 2); Tucker–Lewis's index (TLI) ≥ 0.95; comparative fit index (CFI) ≥ 0.95; standardized root-mean-square residual (SRMR) ≤ 0.08; and root-mean-square error of approximation (RMSEA) ≤ 0.05 with 95% confidence intervals. Less stringent criteria have also been proposed: χ2 /df ≤ 3, TLI ≥ 0.90, RMSEA ≤ 0.08 (McNeish and Wolf, 2021). Modification indices were examined to determine if fit could be improved by deleting items that most contributed to model misspecification. The CFA analytic strategy also included assessing the influence of common method bias (Podsakoff et al., 2012) and assessing the defensibility of the proposed higher order modeling (see below).

The second step in the two-step approach involved using structural equations modeling (SEM) to test the fit of the proposed model, as shown in Figure 1. Fit was assessed using the same indices as per the CFA. As a final step in the data analysis process a relative weights analysis (RWA; Tonidandel and LeBreton, 2014) was conducted to specify the percentage contribution of the first-order predictor variables in explaining the variance in pro-environmental engagement.




Results


Measurement model

The proposed measurement model, with each construct modeled as a first-order construct, yielded generally acceptable fit (see Table 1). CFI and SRMR values met the more stringent cut off criteria, whereas the RMSEA and TLI values met the less stringent criteria for acceptable fit (McNeish and Wolf, 2021). Table 1 also shows that the fit for the proposed model was clearly superior to a one-factor, two-factor and three-factor model calculated for comparison purposes. Also in support of the model, and as shown in Table 2, the standardized factor loadings ranged from 0.67 to 0.97, and therefore exceeded the recommended criterion of 0.50 for retention in measurement models (Podsakoff et al., 2012; Kline, 2016).


TABLE 1 Fit indices for proposed and comparison measurement models, and structural model (N = 347).

[image: Table comparing measurement and structural models with variables: chi-square (χ²), degrees of freedom (df), chi-square/df, TLI, CFI, RMSEA with confidence intervals, and SRMR. Measurement models include one, two, three factor, and proposed first order model. Structural model includes a proposed model. Values vary for each model, showing fit statistics and indices.]


TABLE 2 Scale items and standardized loadings included in CFA measurement model (N = 347).

[image: A table displaying various scales and items related to environmental responsibility in organizations. It includes categories like perceived corporate environmental responsibility, pro-environmental job resources, pro-environmental supervisor and coworker support, psychological capital, hope, optimism, resilience, self-efficacy, and engagement, along with corresponding item descriptions and loading values.]

Consistent with existing literature (Albrecht et al., 2022a), pro-environmental (P-E) job resources, and P-E PsyCap were modeled as higher order (HO) constructs (see Figure 1). As such, P-E job resources, as a HO construct, is proposed to explain the covariation between P-E information, P-E involvement, P-E coworker support, and P-E supervisor support (Albrecht et al., 2022a). Similarly, P-E PsyCap as a higher order construct is proposed to explain the covariation between P-E hope, P-E optimism, P-E resilience, and P-E self-efficacy (Lorenz et al., 2016). In support of the validity of both HO models, the Target Coefficient (TC2) values of 0.97 and 0.94 met the recommended criteria of being close to one (Marsh and Hocevar, 1985; Marsh, 1987).

As a further test of the measurement model, given the cross-sectional and self-report nature of the data, a test of common method variance (CMV) was conducted. Using a procedure recommended by Podsakoff et al. (2012), a latent common method factor was added to the proposed measurement model. The common method factor decreased the standardized loadings for twenty of the thirty items by a value >0.20. Not surprisingly, fifteen of the 20 items were part of a higher order factor. The remaining five items were from the PCER and P-E Engagement scales. Overall, given that the average decrease across the full set of items was relatively minor (average = 0.29) and given that all factor loadings remained statistically significant (p ≤ 0.001) after the inclusion of the common method factor, the influence of method effects appears not to be overly problematic (Johnson et al., 2011; Podsakoff et al., 2012).

The means, standard deviations, Cronbach's alpha, and correlations for the measurement model are shown in Table 3. Despite the use of brief 3-item scales, all Cronbach's alphas exceeded the recommended criteria of 0.80, thereby clearly suggesting internal consistency (Nunnally and Bernstein, 1994). The relatively modest bivariate correlations (r ≤ 0.78) and the low variance inflation factors scores (≤ 3.65) indicate that multi-collinearity would not pose undue statistical concerns in the structural equation model (Thompson et al., 2017).


TABLE 3 Means, standard deviations, correlations, and Cronbach's alpha of first order variables (N = 347).

[image: Correlation matrix table displaying ten variables, mean (M), and standard deviation (SD) for each. Cronbach’s alpha reliabilities are highlighted in bold on the diagonal. All correlations are significant at p < 0.01. Variables include perceived corporate environment responsibility, supervisor support, co-worker support, involvement, information, hope, resilience, optimism, self-efficacy, and engagement.]



Structural model

As shown in Table 1, the proposed structural model yielded acceptable fit. As shown in Figure 2, except for two paths, all proposed direct effects were statistically significant. In support of H1 and H2, perceived corporate environmental responsibility (PCER) had a positive and significant direct effect on P-E job resources (β = 0.80, p = < 0.001) and on P-E PsyCap (β = 0.28, p = < 0.01). In support of H4, P-E job resources had a positive and significant direct effect on P-E PsyCap (β = 0.71, p = < 0.001). In support of H6, P-E PsyCap had a positive and significant direct effect on P-E engagement (β = 1.44, p = < 0.001). The paths from P-E job resources to P-E engagement (H5) and from PCER to P-E engagement (H3) were not significant.


[image: Path analysis diagram showing relationships between perceived corporate environmental responsibility, P-E PsyCap, P-E job resources, and pro-environmental engagement. Arrows represent causal paths with standardized coefficients and significance levels, including relationships like P-E optimism, resilience, self-efficacy, and various P-E support factors.]
FIGURE 2
 Structural model with standardized maximum likelihood parameter estimates (N = 347). **p < 0.01, ***p < 0.001, ns, non-significant; P-E, Pro-Environmental; PsyCap, Psychological Capital; Super Spt, Supervisor Support; Cowkr Spt, Co-worker Support. Items and errors not shown for ease of representation. Percent variance explained in parentheses.


Beyond the direct effects, bias corrected bootstrapping procedures showed that PCER had a significant positive indirect effect on P-E engagement through P-E PsyCap (β = 0.34, p ≤ 0.01) and through both P-E job resources and P-E PsyCap (β = 0.71, p = < 0.001). However, PCER had a non-significant positive indirect effect on P-E engagement through P-E job resources (p = 0.08). P-E job resources had a significant indirect effect on P-E engagement through P-E PsyCap (β = 1.38, p ≤ 0.01). In support of overall validity, the model explained 64% of the variance in P-E job resources, a substantial 90% of the variance in P-E PsyCap, and 92% of the variance in P-E engagement. Modification indices did not indicate any theoretically justified adjustments that would result in an improved model fit. Therefore, the proposed structural model was accepted.



Relative weights analysis

As a final step in the analyses, post hoc relative weight analyses (RWA) were conducted to determine the relative importance of the first order constructs as predictors of pro-environmental engagement (Tonidandel and LeBreton, 2014). The RWA results showed that the full set of predictor variables explained 67% of the variance in pro-environmental engagement. PCER explained 11.9%, P-E co-worker support explained 10.8%, P-E supervisor support explained 9.8%, P-E involvement explained 5.6 %, P-E information explained 7.5%, P-E hope explained 11.1 %, P-E resilience explained 20.8%, P-E optimism explained 15.8%, and P-E self-efficacy explained 6.7%. Given that none of the relative weight confidence intervals included zero, all predictor relative weights were significant. Additionally, examining the percent contribution of the first order PsyCap factors on P-E engagement, P-E optimism explained 37.9%, P-E resilience explained 32.8%, P-E hope explained 17.5%, and P-E self-efficacy explained 11.7% of the total 65% of variance explained.




Discussion

The study contributes to the literature by validating pro-environmental engagement as a potentially important construct to help organizations successfully achieve environmental sustainability initiatives. The study further contributes to the literature by evaluating the impact of perceived corporate environmental responsibility, pro-environmental job resources, and pro-environmental psychological capital on pro-environmental engagement. Additionally, the study contributes to the literature by validating pro-environmental psychological capital (P-E PsyCap) as a new domain-specific measure relevant to pro-environmental engagement. The study also introduces a measure of pro-environmental co-worker support as a potentially important domain-specific pro-environmental job resource.

Consistent with pro-environmental engagement literature, and in support of the potential utility of the model, the final structural equation model demonstrated fit and explained a large proportion of variance in pro-environmental engagement (92%). As hypothesized, perceived corporate environmental responsibility was positively associated with pro-environmental job resources (H1) and with pro-environmental psychological capital (H2). Additionally, and consistent with JD-R theory, pro-environmental job resources had a strong, direct effect on pro-environmental psychological capital (H4).

Contrary to expectations, perceived corporate environmental responsibility (PCER) did not have a direct effect on pro-environmental employee engagement (H3). The non-significant direct effect may in part be attributable to the influence of PCER being absorbed by the strong indirect effects through pro-environmental job resources and pro-environmental psychological capital. The non-significant direct effect can also be explained by the proximal and distal nature of the relationships (Lee and Lunn, 2019; Albrecht et al., 2022a). Proximal factors refer to internal psychological states that are immediately felt as part of an employee experience. Distal factors refer to organizational and job factors that influence employee psychological states and are more distant and external to the employee experience. As such, distal factors are more likely to have weaker direct effects, and/or moderately strong indirect effects, on outcomes (Albrecht et al., 2022a). Nevertheless, the significant indirect effect of perceived corporate environmental responsibility on pro-environmental engagement through the more proximal resources of pro-environmental job resources and psychological capital aligns with systems theory (Maes and Van Hootegem, 2019). Systems theory suggests that organizational, job, and personal resources all need to be considered as integrated inputs that help understand the emergence and maintenance of work-related psychological, behavioral, and performance outcomes (Norton et al., 2014, 2015; Albrecht et al., 2020; Magill et al., 2020).

Proximal-distal arguments, albeit to a lesser extent, can also explain the non-significant relationship between pro-environmental job resources and pro-environmental engagement (H5), and the non-significant indirect effect from perceived corporate environmental responsibility to pro-environmental engagement. The strong proximal relationship between pro-environmental psychological capital and pro-environmental engagement (H6) may have, in part, diluted the influence of more distal variables. The finding that personal resources have a greater direct influence on pro-environmental engagement is consistent with recent research showing the strong influence of pro-environmental meaningful work on pro-environmental engagement (Lee and Lunn, 2019; Albrecht et al., 2022a).

In alignment with the PsyCap literature (Luthans et al., 2007), pro-environmental psychological capital was conceptualized and modeled as a higher-order construct consisting of pro-environmental hope, optimism, resilience, and self-efficacy. The measurement properties of the newly developed pro-environmental PsyCap scales were supported by confirmatory factor analysis. Furthermore, and in support of the validity of the construct, RWA analysis showed that all four pro-environmental first order PsyCap factors explained significant variance in P-E engagement. Optimism and resilience had the strongest direct effects on pro-environmental engagement. The research therefore extends psychological capital theory and literature (Vilariño del Castillo and Lopez-Zafra, 2021) by expanding the domains in which it can be applied, and by validating a brief and reliable twelve-item scale.

As previously noted, pro-environmental job resources was modeled as a higher-order construct consisting of pro-environmental information, involvement, supervisor, and co-worker support. No previous pro-environmental research has included co-worker support as a pro-environmental job resource within an integrated framework. RWA analysis showed that of the pro-environmental job resources, pro-environmental co-worker support and pro-environmental supervisor support had the strongest direct effects on pro-environmental engagement.

Overall, the results suggest that for organizations to unlock the full potential of pro-environmental engagement, an integrated approach is needed. In line with systems theory (Maes and Van Hootegem, 2019), the results suggest that although a corporate environmental strategy can serve as an important input to pro-environmental engagement, it needs to be enacted through the provision of pro-environmental job resources and the enabling of psychological capital. This study therefore extends the findings from recent research (Norton et al., 2015; Magill et al., 2020; Albrecht et al., 2022a) that suggests the need for organizations to action environmental sustainability within an integrated framework using a systems approach. It has previously been argued that research within the domain has lacked an encompassing theoretical base (Simpson, 2009; Magill et al., 2020).



Conclusions

Briefly reiterating and elaborating on the contributions and practical implications outlined above, the research makes a number of contributions to the literature and to organizational practice. Firstly, the first-order measures of pro-environmental job resources and psychological capital demonstrated acceptable psychometric properties. The measures can therefore be usefully included in surveys aimed at assessing employee experiences of, and preparedness to engage in, pro-environmental initiatives. Secondly, the breadth of pro-environmental job resources examined was extended to include pro-environmental co-worker support (Afsar and Umrani, 2020). The RWA results suggested that both co-worker support and supervisor support explained significant variance in pro-environmental engagement and therefore could provide a focus for interventions aimed at developing pro-environmental engagement. Such interventions could include facilitated team developmental opportunities whereby coworkers collectively identify how to better identify, action, and monitor the environmental impact of their work (Jungert et al., 2018). Thirdly, the research provided evidence in support of pro-environmental psychological capital as a construct and as an antecedent of pro-environmental engagement. It follows that pro-environmental interventions to develop pro-environmental engagement could potentially draw from well-validated micro interventions recommended for developing psychological capital. Luthans and Avolio (2006), for example, argued that their 1-h micro intervention for developing psychological capital provided an effective and efficient means for organizations to help secure competitive advantage. Such interventions, adapted to focus on pro-environmental PsyCap, could not only enable organizations to achieve their environmental sustainability objectives, but could also support their overall effectiveness and bottom-line performance (Luthans and Avolio, 2006). Given that optimism and resilience had the strongest direct effects on pro-environmental engagement, interventions focused on developing pro-environmental optimism and pro-environmental resilience will likely provide utility when aiming to develop employee pro-environmental psychological capital and therefore pro-environmental engagement. Fourthly, the study provided a holistic and integrated framework for organizations to use to assess and increase pro-environmental engagement through an interplay of organizational, job, and personal resources (Yuriev et al., 2018; Magill et al., 2020). The study suggests that employees are more likely to engage in pro-environmental organizational initiatives, and to perceive the organizational corporate environmental responsibility initiatives in a positive light, if they have appropriate job and personal level supports in place. The more information and opportunities to be involved in pro-environmental initiatives, as well as being supported by supervisors and peers that are advocates of, and role models for, pro-environmental, would lead to higher pro-environmental engagement.



Limitations and future research

Despite the use of a reasonably rigorous data analysis process there are several limitations to be acknowledged. Firstly, given the self-report nature of the data and the cross-sectional design, tests showed some degree of common method bias in the data set. To mitigate the potential effects of common method bias, future research could usefully test the proposed relationships using longitudinal research designs to examine how the relationships play out across various points in time (Podsakoff et al., 2012). Longitudinal designs not only reduce the threat of common method bias, but also improve the confidence that causal inferences among the proposed relationships can be drawn (Xanthopoulou et al., 2013). Secondly, the current study used data drawn from an array of organizations, therefore perhaps limiting the extent to which the findings can be generalized to particular working contexts. Future studies might usefully consider gathering data from discrete organizations across a range industries and cultural contexts. Such research will enable the design of interventions that take account of the particular configuration of organizational, job and personal pro-environmental resources accessible to employees focused on achieving organizational environmental sustainability objectives.

With respect to future research on pro-environmental attitudes and behavior, the influence of additional organizational factors could be included within the proposed framework. Such factors include organizational resources such as pro-environmental organizational climate, green human resource management processes, and pro-environmental senior leadership (Norton et al., 2014; Aguinis and Glavas, 2019; Hicklenton et al., 2019; Amrutha and Geetha, 2020). In addition, there are further pro-environmental personal resources such as meaningful work (Albrecht et al., 2022a), empathy (Islam et al., 2019), and psychological safety (Ahmad and Umrani, 2019; Jin et al., 2022) that may potentially increase the explanation of pro-environmental engagement. Moreover, future research would be useful to help understand the influence of pro-environmental engagement on downstream outcomes such as pro-environmental behavior, wellbeing, and job satisfaction (Norton et al., 2015; Bohlmann et al., 2018; Zhang et al., 2021). Such research would help organizations quantify the return they may get for investing in interventions that target pro-environmental organizational, job and personal resources. Lastly, and as previously noted, a range of quasi-experimental studies or interventions could be conducted to test alternative methods of helping organizations to successfully increase job and personal resources to drive higher pro-environmental engagement.

In conclusion, the study contributes to organizational sustainability, psychological capital, and engagement literature by providing an integrated framework for understanding how to assess and drive pro-environmental engagement at work. Although the cross-sectional research design precludes any conclusion with respect to causal relations, the test of the pro-environmental engagement model showed that pro-environmental engagement is potentially influenced by pro-environmental organizational, job, and personal resources. Extending on previous research that has looked at a systemic and integrated interplay of resources to help organizations achieve environmental sustainability, this is the first study to introduce a multi-dimensional and domain-specific measure of pro-environmental psychological capital as an antecedent to pro-environmental engagement. Overall, the results suggest that organizations that approach environmental sustainability from a systems perspective are more likely to have employees that are pro-environmentally engaged. Organizations may therefore be able to accelerate the pace at which they achieve their environmental sustainability objectives by implementing a set of interventions that target the factors included within the model. Finally, if more organizations were able to transform the way they achieved environmental sustainability through a focus on building the resources outlined in the model, there could be substantial positive flow-on impacts to the broader society and communities across the globe. By building pro-environmental organization, job, and personal resources, organizations have an opportunity to help reshape the future for generations to come.
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Public discussions on climate change, as a form of social interaction, are widely recognized as effective tools for promoting collective action. However, there is limited research on examining the factors that influence climate change discussions from a social interaction perspective. In the present study, we conducted a large sample (N = 1,169) survey to investigate personal (such as self-efficacy and personal response efficacy) and others' (such as perceived others' response efficacy and social norms) factors influencing climate change discussions from a social interaction perspective. The results showed that (i) for people with high climate change perceptions, personal response efficacy, self-efficacy, and social norms have positive effects on climate change discussions, but the effect of perceived others' response efficacy on climate change discussion is not significant; (ii) for people with low climate change perceptions, self-efficacy and social norms have positive effects on climate change discussions, but the effects of personal response efficacy and perceived others' response efficacy on climate change discussion are not significant; (iii) irrespective of individuals' high or low perceptions of climate change, social norm remains the most important predictor of climate change discussions. These findings make valuable contributions to the theoretical literature and intervention efforts regarding climate change discussions from a social interaction perspective.
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1. Introduction

Climate change poses a significant challenge to human society, impacting both human health and socio-economic conditions (Berkhout et al., 2002; Patz et al., 2005). Unfortunately, insufficient collective action has allowed carbon emissions to persist at high levels (United Nations Environment Programme., 2020), exacerbating the problem. Thus, it is crucial that we urgently come together and take collective action to mitigate climate change.

Researchers have recognized that public discourse on social issues, particularly interpersonal communication, plays a vital role in fostering civic engagement regarding climate change (Swim et al., 2018). Empirical studies demonstrate that engaging in public discussions about climate change helps reinforce the importance of mitigation and adaptation (Clayton et al., 2015; Goldberg et al., 2019), thereby encouraging people to participate in collective action. However, surveys indicate that only a minority of individuals actively engage in interpersonal climate change discussions (Leiserowitz et al., 2015, 2019). Even formal education settings like schools and informal settings such as aquariums often fail to adequately address this issue (Swim and Fraser, 2013; Plutzer et al., 2016). This lack of engagement is concerning because if the majority remains indifferent to climate change or continues unsustainable behaviors, mitigating climate change solely through the actions of a few individuals becomes exceedingly challenging. Therefore, it is imperative to promote public concern and participation in climate change.

Recent studies have introduced various interventions, such as education, to encourage public participation in climate change discussions (Geiger et al., 2017). These interventions are based on the premise that people refrain from discussing climate change due to negative self-assessments. One barrier is the limited scientific understanding of climate change (Swim et al., 2017), which encompasses beliefs in its occurrence, human causation, worry about its impacts, and perceptions of associated risks (Tian et al., 2022). Enhancing scientific knowledge has been shown to effectively promote participation in climate change discussions (Swim et al., 2017). Additionally, individuals' belief in the efficacy of their own contributions to discussions and their self-perceived ability to engage in such conversations can impede participation (Bandura, 1977, 1982). If someone believes that discussing climate change will not yield the desired positive outcomes, or they feel incapable of participating in such discussions, they are likely to abstain from engaging in conversations about climate change (Swim et al., 2014). Research indicates that interventions that increase knowledge about climate change also enhance individuals' self-efficacy and response efficacy, leading to more frequent discussions (Geiger et al., 2017).

However, climate change discussions differ from traditional top-down communication in that they involve social interaction (Goldberg et al., 2019). These discussions are not one-way but rather two-way or even multi-way exchanges. People construct their understanding of climate change through social interaction and develop a shared reality or perspective (Swim et al., 2018). Consequently, the lack of climate change discussions may stem from socially constructed silence (Geiger and Swim, 2016), along with individuals' negative self-assessments. Socially constructed silence arises when people anticipate others' views and actions before initiating discussions. For instance, the spiral of silence theory suggests that individuals are less inclined to express their opinions if they believe their viewpoints are in the minority and that the majority holds opposing views (Noelle-Neumann, 1991, 1993). Moreover, individuals may avoid engaging in climate change discussions to manage impressions, fearing disapproval (Sechrist et al., 2004) or loss of respect (Stangor et al., 2003).

While self-assessment and socially constructed silence provide insights into why people refrain from climate change discussions based on their assessment of others, there are certain limitations. Since climate change discussions involve two interacting parties—the self and the other—we can deconstruct these discussions into two perspectives: self-assessment and assessment of others. Existing research primarily focuses on individuals assessing the personal benefits of participating in discussions (e.g., Geiger et al., 2017). However, since discussions are inherently social interactions (Swim et al., 2018), if an individual's participation fails to contribute to the other person's knowledge, they may feel helpless (Maier and Seligman, 1976). Therefore, examining response efficacy solely from a self-assessment perspective overlooks the interactive nature of discussions. Additionally, we propose that social norms play a significant but often overlooked role in social interactions (Morris et al., 2015). Social norms encompass shared beliefs and behaviors within a group, and people seek common ground during discussions (Kashima, 2014). The success of interaction and dialogue hinges on prevalent behaviors within the environment (Leung and Morris, 2015). In other words, social norms largely determine the sustainability of certain behaviors in social interactions. If a behavioral norm surrounding climate change discussions does not exist within a particular group, it becomes challenging for individuals to engage in such discussions (Morris et al., 2015). In summary, previous research has not adequately addressed why people refrain from climate change discussions from a social interaction perspective. Consequently, this study utilizes a large survey sample to explore the impact of response efficacy and social norms on climate change discussions from a social interaction perspective, comparing them to the effects of self-efficacy and response efficacy from a self-assessment viewpoint.


1.1. Perception of climate change

The understanding of climate change plays a crucial role in motivating people to engage in collective action, encompassing beliefs and emotions (Tian et al., 2022). The belief aspect comprises notions about climate change, human-caused climate change, and assessments of climate change risk (Tian et al., 2022). Meteorological evidence indicates that the global climate is changing (Hoegh-Guldberg et al., 2019), and climate scientists widely agree that human activities contribute to global warming (IPCC., 2021; Lynas et al., 2021). However, national surveys data revealed that scientific knowledge regarding climate change has been lacking in recent years. In 2013, only 42% of U.S. adults believed that “most scientists think global warming is happening.” As of November 2019, only 55% of U.S. adults were believed to hold this belief (Leiserowitz et al., 2020). False perceptions and misconceptions hinder the acceptance of human-caused climate change and its severe consequences (Van Stekelenburg et al., 2021). These misperceptions prevent individuals from connecting extreme weather events to climate change and impede their engagement in climate change discussions (Boudet et al., 2020). Additionally, the emotional dimension, which usually refers to people's concerns about climate change, is an individual's emotional state characterized by repeated experiences of climate anxiety thoughts (Bouman et al., 2020). Climate change worried individuals tend to engage in the topic of climate change and feel disturbed by the consequences of climate change (Van der Linden, 2017; Bouman et al., 2020). This emotional state often connects individuals to the abstraction of climate change and guides people to engage in mitigation actions (Van der Linden, 2017). Research has shown that participation in climate change education programs increases individuals' worries about climate change and their belief in their ability to engage in discussions on the topic (Swim et al., 2017). Thus, the following hypotheses are proposed:

	H1: There is a significant difference between low and high climate change perceptions groups on climate change discussions. Specifically, compared to low climate change perceptions group, high climate change perceptions group are more likely to engage in climate change discussions.



1.2. Self-efficacy

Self-efficacy, an essential component of Social Cognitive Theory, refers to individuals' beliefs in their abilities to achieve specific behavioral goals in a particular domain (Bandura, 1977, 1986). Self-efficacy influences people's choices of activities and social environments and shapes their behavior (Bandura, 1997). High self-efficacy fosters positive attitudes and actions as individuals perceive themselves as capable of coping with challenges. Conversely, low self-efficacy leads people to avoid tasks or situations beyond their perceived capabilities and focus on reducing emotional distress. When applied to climate change discussions, individuals are more inclined to engage in these discussions when they believe in their capacity to do so. Previous research supports the idea that self-efficacy facilitates climate change discussions. A natural experimental study revealed that exposure to climate change informational interventions increased individuals' self-efficacy and, consequently, led to more frequent discussions about climate change (Geiger et al., 2017). Thus, we propose the following hypotheses:

	H2: Self-efficacy has a positive influence on climate change discussions.



1.3. Response efficacy

According to Social Cognitive Theory (Bandura, 1986), outcome expectations play a significant role in motivating individuals to engage in certain behaviors. Individuals who believe that their actions will yield positive outcomes (i.e., high response efficacy) are more likely to invest effort in initiating and sustaining those behaviors compared to individuals with low response efficacy. In public climate action, individual response efficacy was considered the perceived impact of one's cooperative behavior on the collective outcome (Doherty and Webler, 2016). When considering social interactions, the assessment of behavioral outcomes should encompass both personal and others' effects. In the context of climate change discussions, we propose that response efficacy refers to an individual's belief that engaging in these discussions can result in meaningful progress or action. It involves the perception that participating in conversations about climate change can lead to positive outcomes that benefit not only oneself but also others. However, existing research has primarily focused on personal response efficacy (e.g., Geiger et al., 2017), overlooking the importance of considering others in social interactions. Differentiating objects in social interactions is crucial since discussing climate change may not be perceived as useful if it does not benefit the other party in discussion. In this study, we examine two types of response efficacy—personal and others'—and compare their relevance to climate change discussions within the framework of social interaction. To sum up, the following hypotheses are proposed:

	H3: Response efficacy (including perceived personal and others' response efficacy) has a positive effect on climate change discussions.



1.4. Social norms

Social norms are influential predictors of behavior, governing group dynamics (Morris et al., 2015). To avoid social exclusion and maintain group cohesion, individuals tend to conform to the majority's behavior (Schneider and van der Linden, 2023). Numerous studies have demonstrated that social norms, particularly descriptive norms, influence environmental behaviors such as public transportation use (Heath and Gifford, 2002), energy conservation (Nolan et al., 2008; Bonan et al., 2020), and recycling (Schultz, 1999; Liu et al., 2022). These findings support the hypothesis that people are more likely to participate in a behavior when they perceive others engaging in it (Doherty and Webler, 2016). According to Social Cognitive Theory (Bandura, 1986), social norms provide evidence of others' efficacy beliefs when individuals face uncertain situations. While social norms are commonly categorized as descriptive, imperative, and dynamic (Schneider and van der Linden, 2023), empirical evidence suggests that descriptive norms have a stronger and more enduring impact (Doherty and Webler, 2016). In the context of climate change discussions, the behavior of others reflects their ability to engage in such discussions. Social norms reflect behavioral standards and the reality of others' actions, enabling individuals to assess others' self-efficacy based on observed behaviors. However, due to limited research on climate change discussions, there is a lack of studies considering the role of social norms from a social interaction perspective. Given the significance of social norms in influencing social interactions, we propose that:

	H4: social norms can enhance individuals' willingness to engage in climate change discussions.




2. Methods


2.1. Data collection

The participants were recruited on the Credamo platform, which serves as an online data collection platform. Credamo boasts an online sample repository of over three million in China. Consequently, we employed a convenience sampling method to recruit 1,169 valid respondents (Mage = 33.03, SD = 7.54; 46.9% females, N = 548; 53.1% males, N = 621) nationwide. We assessed the frequency of climate change discussions, self-efficacy, response efficacy, social norms, and climate change perceptions of the respondents and collected their sociodemographic information (shown in Table 1).


TABLE 1 Socio-demographic information of respondents.

[image: Table showing socio-demographic characteristics: Gender includes 621 males (53.1%) and 548 females (46.9%). Place of residence: 130 rural (11.1%), 1,039 urban (88.9%). Income ranges: under 2,000 RMB at 160 (13.7%), 2,000-4,999 RMB at 260 (22.2%), 5,000-9,999 RMB at 517 (44.2%), 10,000-19,999 RMB at 195 (16.7%), above 20,000 RMB at 37 (3.2%). Education levels: middle school and below 21 (1.8%), high school/secondary 106 (9.1%), bachelor's/junior college 952 (81.4%), graduate students 90 (7.7%).]



2.2. Measurement of variables
 
2.2.1. Climate change discussion

Following the International Public Opinion on Climate Change report (Leiserowitz et al., 2022), we assessed climate change discussions by posing the question, “How often do you typically discuss environment-related topics with your family or friends?” Participants rated their response on an 11-point scale ranging from 0 (never discuss) to 10 (always discuss).



2.2.2. Self-efficacy

We gauged self-efficacy by utilizing a statement adapted from Geiger et al.'s (2017) study: “I possess sufficient knowledge about environmentally related topics to engage in discussions with my family or friends.” Participants rated their agreement on an 11-point scale, where 0 indicated strong disagreement and 10 denoted strong agreement.



2.2.3. Response efficacy

In this study, we differentiated response efficacy into two aspects: personal response efficacy, which refers to an individual's perception of the discussion's usefulness for oneself, and others' response efficacy, which pertains to its usefulness for others. For self-response efficacy, we employed two statements modified from Geiger et al.'s (2017) research: “Engaging in the discussion can alter my own perspectives on environmental issues” and “Engaging in the discussion can encourage my personal environmental behavior.” Similarly, for others' response efficacy, we utilized two adapted statements: “Engaging in discussions can change my family's or friends' perceptions of environmental issues” and “Engaging in discussions can promote my family's or friends' environmental behaviors.” All four questions assessing response efficacy were evaluated on an 11-point scale, ranging from 0 (strongly disagree) to 10 (strongly agree).



2.2.4. Social norms

Social norms (specifically, descriptive norms) are usually designed by researchers as a percentage of participation in a behavior such as 75% (Cialdini et al., 1990; Cialdini and Jacobson, 2021). To measure social norms, respondents were asked to indicate, on an 11-point scale, the extent to which their family members or friends engage in environment-related discussions. A score of 0 indicated very little involvement, while a score of 10 represented significant involvement.



2.2.5. Climate change perception

Climate change perceptions include climate change beliefs, beliefs in human causation, climate change risk perceptions, and climate change worry. We assessed respondents' climate change perceptions using items from the International Public Opinion on Climate Change report (Leiserowitz et al., 2022). Climate change beliefs were measured by a statement - “I think climate change is happening” - on an 11-point scale (0 = strongly disagree, 10 = strongly agree). Beliefs in human causation were measured through one statement (0 = climate change is caused by natural causes, 10 = climate change is caused by human-caused). Perceived risk of climate change was measured through three questions (Cronbach's α = 0.85), one of which was: 'How much of a global impact do you think climate change will have?' (0 = very little, 10 = very much)“, and for the other two questions we replaced global with China and the region where you live. One question was used to measure climate change worry, namely ”How worried are you about climate change? (0 = not worried at all, 10 = very worried)“.



2.2.6. Control variables

We collected socio-demographic information on all respondents, including gender, age, place of residence, monthly income and education level. Gender (male = 1, female = 0), place of residence (urban = 1, rural = 0), monthly income (Income 1: <2,000 Yuan = 1, not <2,000 Yuan = 0; Income 2: 2,000-4,999 Yuan = 1, not 2,000-4,999 Yuan = 0; Income 3: 5,000-9,999 Yuan = 1, not 5,000-9,999 Yuan = 0; Income 4: 10,000-19,999 Yuan = 1, not 10,000-19,999 Yuan = 0; Income 5: above 20,000 Yuan = 1, not above 20,000 Yuan = 1) and education (education 1: middle school and below = 1, non-middle school and below = 0; education 2: high school/secondary = 1, non-high school/secondary = 0; education 3: bachelor's degree/junior college = 1, non-bachelor's degree/junior college = 0; education 4: graduate students = 1, non-graduate students = 0) were coded as dummy variables, and age was coded as a continuous variable (for a similar method, see Tian et al., 2022).





3. Results


3.1. Groups with high and low climate change perceptions

To investigate the impact of climate change perceptions on discussions, we conducted K-means cluster analysis to categorize respondents into two groups: high (N = 676) and low (N = 493) climate change perception. This categorization helps us understand the psychological mechanisms underlying climate change discussions among individuals with different levels of knowledge and enables us to tailor interventions accordingly. Table 2 presents the results of a t-test, which demonstrate that the group with high climate change perception exhibited significantly stronger beliefs in climate change, beliefs in human causation, risk perceptions of climate change, and climate change worry compared to the group with low climate change perception. Importantly, there was also a significant difference in the frequency of climate change discussions between the two groups, with individuals possessing high climate change perceptions engaging in discussions more frequently than those with low climate change perceptions. Considering that climate change perception involves individuals' comprehension and evaluation of climate change (Tian et al., 2022), our findings additionally indicate variations among groups with differing levels of climate change perception in terms of their beliefs, risk perceptions, and apprehensions regarding climate change. As a result, high climate change perceptions generally signify that individuals possess stronger convictions about the existence of climate change, attributions of human influence, evaluations of associated risks, and levels of worry, when contrasted with those exhibiting lower levels of climate change perception.


TABLE 2 The differences between groups with high and low climate change perceptions.

[image: Table comparing high and low groups for belief in climate change, belief in human causation, climate change worry, risk perceptions, and discussions. It includes mean (M) and standard deviation (SD), t-values with degrees of freedom (t(df)), and p-values, all showing significant differences (p < 0.001) favoring high groups.]



3.2. Factors influencing climate change discussions in groups with high climate change perceptions

We employed multiple linear regression models, utilizing a stepwise approach, to identify factors influencing climate change discussions within the group characterized by high climate change perceptions. Through multilevel linear regression analysis, we developed three models. In Model 1, we examined the influence of sociodemographic variables on climate change discussions. As shown in Table 3, the results revealed that Income 1 had a significant negative association with climate change discussion, while Education 1, Education 2, and Education 3 were positively associated with climate change discussion. Specifically, participants with a monthly income below 2,000 Yuan were more likely to engage in climate change discussions (β = −0.27, se = 0.47, p < 0.001). Moreover, individuals with a junior high school education or below (β = 0.12, se = 0.60, p = 0.007), individuals with a high school/vocational school education (β = 0.14, se = 0.37, p = 0.02), and individuals with a bachelor's degree/college education (β = 0.18, se = 0.28, p = 0.001) are more likely to engage in discussions about climate change.


TABLE 3 Factors influencing climate change discussions in groups with high climate change perceptions.

[image: Table displaying standardized coefficients (β), standard errors (SE), and p-values across three models for various predictors, including gender, age, place of residence, income, education levels, personal and perceived response efficacy, personal efficacy, and social norm. Notable R-squared values are 0.09 for Model 1, 0.44 for Model 2, and 0.69 for Model 3, with F-values of 5.95, 32.82, and 79.28 respectively.]

In Model 2, after controlling for sociodemographic variables, we investigated the effect of response efficacy on climate change discussions. The results indicated that both perceived personal (β = 0.29, se = 0.07, p < 0.001) and others' (β = 0.34, se = 0.07, p < 0.001) response efficacy positively predicted climate change discussions. In Model 3, building upon Model 2, we explored the predictive effects of self-efficacy and social norms on climate change discussions. The findings revealed that both self-efficacy (β = 0.23, se = 0.04, p < 0.001) and social norms (β = 0.58, se = 0.03, p < 0.001) had a positive influence on climate change discussions. However, the predictive effect of perceived others' response efficacy in Model 3 was not significant (p > 0.05).

In summary, Model 3, which incorporated self-efficacy and social norms, accounted for 69% of the variance in climate change discussion within the high climate change perception group. Notably, social norms emerged as the strongest predictor in this model. After accounting for social norms and self-efficacy, the predictive power of response efficacy weakened considerably, with perceived others' response efficacy not being a significant predictor of climate change discussion.



3.3. Factors influencing climate change discussions in groups with low climate change perceptions

Similarly, using multilevel linear regression analysis and a stepwise approach, we examined factors influencing climate change discussions within the group characterized by low climate change perception. In Model 1, the influence of sociodemographic variables on climate change discussions was assessed (Table 4). The results showed that Income 1 had a significant negative association with climate change discussion. Specifically, individuals with a monthly income below 2,000 Yuan were more likely to engage in climate change discussions (β = −0.44, se = 0.64, p = 0.001).


TABLE 4 Factors influencing climate change discussions in groups with low climate change perceptions.

[image: Table comparing three models with variables such as gender, age, place of residence, income levels, and education. Each variable is associated with standardized beta (β), standard error (SE), and p-values across the models. Personal response efficacy, perceived others' response efficacy, personal efficacy, and social norms are included. R-squared (R²) and F values are also provided for each model. Notably, income 1 has significant negative β values in all models while social norm has significant positive β values.]

In Model 2, after controlling for sociodemographic variables, we explored the impact of response efficacy on climate change discussions. The findings indicated that both perceived personal (β = 0.23, se = 0.08, p < 0.001) and others' response efficacy (β = 0.41, se = 0.07, p < 0.001) positively predicted climate change discussions, with others' response efficacy having a larger effect size. In Model 3, building upon Model 2, we investigated the effects of self-efficacy and social norms on climate change discussions. The results revealed that both self-efficacy (β = 0.31, se = 0.04, p < 0.001) and social norms (β = 0.48, se = 0.04, p < 0.001) had a positive influence on climate change discussions. However, neither perceived personal response efficacy nor perceived others' response efficacy had significant predictive effects (p > 0.05).

In summary, the full model explained 70% of the variance in climate change discussion within the low climate change perception group. The key finding suggests that social norms remained the most influential factor, while the predictive role of response efficacy was not significant.




4. Discussion

In this study, we conducted a comprehensive survey with a large sample size to investigate the impact of response efficacy and social norms on climate change discussions from a social interaction perspective. Based on the findings supporting our hypotheses, the following conclusions can be drawn.

Firstly, we observed that groups with high climate change perceptions had more frequent climate change discussions compared to groups with low climate change perceptions. This suggests that individuals who possess sufficient scientific knowledge about climate change, such as believing in human-caused climate change, are more willing to engage in climate change discussions with their family and friends. This finding aligns with previous research (Tian et al., 2022), highlighting the pivotal role of climate change perceptions as a driver of climate change discussions.

Secondly, in groups with high climate change perceptions, self-efficacy, response efficacy, and social norms emerged as the primary factors influencing climate change discussions, jointly explaining 69% of the variation. Notably, social norms were found to be the most influential factor. While previous studies have focused on the psychological mechanisms of socially constructed silence (Geiger and Swim, 2016), they have overlooked the influence of social norms on climate change discussions. From a social interaction perspective, we argue that social norms reflect individuals' assessment of others' ability to act, which influences their decision to discuss climate change. Additionally, we found that personal response efficacy, rather than the perceived others' response efficacy, influenced climate change discussions in groups with high climate change perceptions. This indicates that individuals in these groups are primarily concerned with the benefits of the discussion for themselves, such as enhancing their own knowledge and skills, when empowering others to participate in climate change discussions. Although the response efficacy of others did not facilitate discussions, it is noteworthy that the high climate change perceptions group was motivated to discuss climate change irrespective of whether it benefitted others. This is promising because individuals who prioritize climate action encourage collective engagement and are not hindered by learned helplessness (Maier and Seligman, 1976).

Lastly, in groups with low climate change perceptions, self-efficacy and social norms were the main drivers of participation in climate change discussions. Social norms remained the most influential factor, underscoring their significance in climate change discussions. However, the role of response efficacy, whether personal or others', was not significant. This aligns with our expectations that groups with low climate change perceptions are concerned about their own abilities and the abilities of those around them to engage in climate change discussions. Put simply, if they lack confidence in their own and others' capacities for climate change discussions, such discussions will not occur. For the low climate change perception group, limited scientific understanding of climate change and possible misconceptions about the attitudes of others regarding climate change undermine their trust in their own and others' abilities. Consequently, high self-efficacy and strong social norms promote their engagement in climate change discussions. Regarding response efficacy, they do not prioritize whether the discussion benefits themselves or others due to their low expectations of the outcome. This finding is consistent with previous research (Geiger et al., 2017), emphasizing the importance of individuals' perceived ability to act compared to the impact of behavior.

In summary, from a social interaction perspective, individuals' assessment of others (i.e., social norms) emerged as a decisive factor influencing climate change discussions, surpassing the significance of self-assessment found in previous studies. Moreover, individuals' assessment of competence in climate change discussions had a greater impact on these discussions compared to assessments of the potential impact, encompassing both competence assessments (self-efficacy and social norms) and impact assessments (perceived personal response efficacy and perceived others' response efficacy).

Our findings carry several implications for the theoretical literature and intervention efforts related to climate change discussions. First, we propose exploring the psychological mechanisms of climate change discussions from a social interaction perspective, which offers fresh insights into the field. While prior research has examined the relevance of self and the social construction of climate silence (Geiger and Swim, 2016; Geiger et al., 2017), there remains a need for systematic investigations into the influence of individuals' assessments of self and others on climate change discussions from an integrated standpoint. Thus, our study contributes to the theoretical advancement of climate change discussions. Second, we found that social norms play a pivotal role in driving climate change discussions in both high and low climate change perceptions groups, highlighting the importance of considering individuals' assessment of others in social interactions. This finding provides communicators with novel strategies to encourage public participation in climate change discussions. Similar to previous research (Schultz, 1999), communicators can leverage information about social norms to facilitate engagement in these discussions among the public. Lastly, individual assessments of competence, such as self-efficacy and social norms, exerted a greater influence on climate change discussions than assessments of behavior. This evidence supports the notion that educators can cultivate individuals' capacity to participate in climate change discussions, thereby fostering such discussions and overcoming barriers associated with learned helplessness.

However, it is important to acknowledge several limitations of our study. Firstly, although we conducted a large sample survey to assess the impact of response efficacy and social norms on climate change discussions from a social interaction perspective, the results remain correlational and lack causal arguments. We encourage future research to investigate the influence of climate change discourse from a social interaction perspective through laboratory experiments, which can provide more robust evidence and establish causal relationships. Secondly, while our study sheds light on the psychological mechanisms underlying people's engagement in climate change discussions, it is necessary to develop effective intervention strategies that can encourage and facilitate such discussions. Future research should focus on designing interventions based on psychological factors and evaluating their effectiveness and long-term impact in promoting climate change discussions.

In conclusion, our study contributes valuable insights into the role of response efficacy and social norms in climate change discussions from a social interaction perspective. It emphasizes the importance of individuals' assessments of others and their own competence in driving these discussions. Our findings have implications for theoretical advancements in understanding climate change discussions and provide guidance for communicators and educators in promoting public engagement in climate change conversations. However, further research utilizing experimental methods and intervention strategies is needed to deepen our understanding and develop practical approaches to foster climate change discussions.
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Introduction: Digital transformation has become an important engine for economic high-quality development and environment high-level protection. However, green total factor productivity (GTFP), as an indicator that comprehensively reflects economic and environmental benefits, there is a lack of studies that analyze the effect of digital transformation on heavily polluting enterprises’ GTFP from a micro perspective, and its impact mechanism is still unclear. Therefore, we aim to study the impact of digital transformation on heavily polluting enterprises’ GTFP and its mechanism, and explore the heterogeneity of its impact.
Methods: We use Chinese A-share listed enterprises in the heavily polluting industry data from 2007 to 2019, measure enterprise digital transformation indicator using text analysis, and measure enterprise GTFP indicator using the GML index based on SBM directional distance function, to investigate the impact of digital transformation on heavily polluting enterprises’ GTFP.
Results: Digital transformation can significantly enhance heavily polluting enterprises’ GTFP, and this finding still holds after considering the endogenous problem and conducting robustness tests. Digital transformation can enhance heavily polluting enterprises’ GTFP by promoting green innovation, improving management efficiency, and reducing external transaction costs. The improvement role of digital transformation on heavily polluting enterprises’ GTFP is more obvious in the samples of non-state-owned enterprises, non-high-tech industries, and the eastern region. Compared with blockchain technology, artificial intelligence technology, cloud computing technology, big data technology, and digital technology application can significantly improve heavily polluting enterprises’ GTFP.
Discussion: Our paper breaks through the limitations of existing research, which not only theoretically enriches the literature related to digital transformation and GTFP, but also practically provides policy implications for continuously promoting heavily polluting enterprises’ digital transformation and facilitating their high-quality development.
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 digital transformation, green total factor productivity, green innovation, management efficiency, external transaction costs


1. Introduction

The Outline of the 14th Five-Year Plan and the Long-Range Objectives Through the Year 2035 points out that we should “promote the green transformation of key industries and important fields.” In accordance with the Second National Pollution Source Census Bulletin, only five heavily polluting industries, such as the metal products industry, constitute up to 44.14% of China’s total industrial pollution sources. As we can see, being the major players in energy consumption and environmental pollution, improving the GTFP of heavily polluting enterprises has become an important part of achieving the strategic objective of “double carbon” and high-quality economic development (Wang et al., 2022; Li K. et al., 2023). However, heavily polluting enterprises face many problems, such as low resource utilization rate (Lu and Li, 2023), insufficient motivation for green innovation (Xie et al., 2022), high environmental protection pressure, and high regulatory costs (Long et al., 2022; Liu S. et al., 2023), which severely restrict their GTFP improvement. Therefore, how to effectively improve heavily polluting enterprises’ GTFP has become a problem that needs to be addressed at present.

Digital transformation is becoming a leading force in empowering traditional industries’ green upgrades (Tian et al., 2022; Zhang W. et al., 2023). The 14th Five-Year Plan for the Development of the Digital Economy points out that we should “vigorously promote industry digital transformation” and “promote green development in digital transformation process.” In accordance with the prediction of the World Economic Forum, the carbon emissions reduced by industries benefiting from digital technology will be as high as 12.1 billion tons by 2030. In order to seize digital development opportunities, many enterprises are rapidly promoting digital transformation with advanced digital technologies such as artificial intelligence (AI), blockchain (BD), cloud computing (CC), and big data (DT) as the core (Wu et al., 2021; Shang et al., 2023). According to the China Enterprise Digital Transformation Research Report (2022), more than 81.0% of surveyed enterprises are in the full optimization stage of digital transformation, meanwhile, the number of enterprises in the initial construction stage of digital transformation grows to 16.9%. Heavily polluting enterprises use advanced digital technologies to transform their own business in an all-round, multi-angle, and full-chain transformation, and improve the digital level of manufacturing, R&D innovation, operation management, and other links, which is conducive to optimizing production methods, improving innovation ability and improving energy consumption structure (Li and Wang, 2022; Sheng et al., 2022; Li G. et al., 2023; Tian et al., 2023), thus providing strong kinetic energy for improving GTFP. Therefore, this paper focuses on whether digital transformation can improve heavily polluting enterprises’ GTFP. What are the underlying mechanisms? What is the heterogeneity of its impact? The answers to these questions are of great significance in accelerating enterprise digital transformation and promoting its green transformation.

Although existing research has paid much attention to GTFP influencing factors and digital transformation microeconomic effects, there are still gaps that need to be improved. First, the relationship between digital transformation and heavily polluting enterprises’ GTFP is not yet clear. Existing studies have focused on exploring the influence of digital economy and digital finance on GTFP from the regional and industry perspectives (Sun et al., 2022; Chen et al., 2023; Han et al., 2023; Hao et al., 2023; Lee et al., 2023; Liu D. et al., 2023), and some studies have also explored the influence of digital transformation on enterprise total factor productivity (TFP), pollution reduction, and environmental performance from the enterprise level (Du and Jiang, 2022; Ren et al., 2022; Cheng et al., 2023; Liu M. et al., 2023; Su et al., 2023; Xu et al., 2023). However, enterprise GTFP, as a comprehensive indicator of its productivity and environmental performance, can more accurately reflect its high-quality development, there are almost no studies examining its impact on heavily polluting enterprises’ GTFP based on enterprise digital transformation perspective. Second, the mechanism by which digital transformation affects heavily polluting enterprises’ GTFP needs to be explored. Currently, the theoretical system of digital transformation and enterprise GTFP is not sound, and the channels through which digital transformation influences heavily polluting enterprises’ GTFP is a worthy work to be further explored. Third, the asymmetric effect of digital transformation on heavily polluting enterprises’ GTFP needs to be discussed. There is no study that examines how digital transformation impacts heavily polluting enterprises’ GTFP based on enterprise property rights, industry science and technology attributes, geographic regions, and structural characteristics. Therefore, Chinese A-share listed companies in the heavily polluting industry from 2007 to 2019 are taken as the research sample to investigate the effect of digital transformation on heavily polluting enterprises’ GTFP and its mechanism, as well as to explore the characteristics of heterogeneity exhibited by its impact. In comparison with previous research, the possible marginal contributions of this study include three aspects: First, digital transformation and GTFP are brought into a unified research framework from the perspective of micro-enterprises, and analyze the effect of digital transformation on heavily polluting enterprises’ GTFP, which expands the research of microeconomic effects of digital transformation as well as provides a new way for improving heavily polluting enterprises’ GTFP. Second, the mechanism of digital transformation affecting heavily polluting enterprises’ GTFP is clarified from the channels of green innovation, management efficiency, and external transaction costs, which opens the “black box” of the mechanism between them as well as provides empirical evidence for enhancing heavily polluting enterprises’ GTFP through digital transformation. Third, the heterogeneous impact of digital transformation on heavily polluting enterprises’ GTFP is explored from the perspectives of enterprise property rights nature, industry science and technology attributes, geographic regions, and structural characteristics of digital transformation, which enriches the relevant studies and provides important references for the government in formulating refined digital policies.

The subsequent organization of this paper is as follows. Section 2 reviews the relevant literature. Section 3 conducts the theoretical analysis. Section 4 introduces the research methodology. Section 5 provides the empirical analysis. Section 6 summarizes the conclusions and makes suggestions.



2. Literature review

Unlike traditional TFP, which focuses only on the contribution of capital and labor inputs to desired outputs such as economic efficiency, GTFP also includes energy consumption and environmental pollution as inputs and non-desired outputs, respectively, into the accounting system (Li et al., 2013; Lee and He, 2022), which can accurately reflect the high-quality development. Research on GTFP mainly focuses on its measurement methods and influencing factors. With respect to the measurement methods, Chung et al. (1997) firstly measured GTFP including non-desired outputs such as pollutants by using the directional distance function (DDF) and decomposed the efficiency by using the ML index method, and Tone (2001) further improved the method by establishing the directional distance function on the basis of the slack variables (SBM-DDF). Later, Fukuyama and Weber (2009) combined the SBM-DDF with the ML index method to measure GTFP. However, the ML index does not have the transferability and circularity, and may be unsolved across periods. Oh (2010) proposed the GML index, which can make up for the shortcomings of the ML index. With respect to the influencing factors, some studies have explored the influencing factors of GTFP from both the enterprise’s internal and external levels. With regard to the influencing factors, established studies have explored enterprise GTFP influencing factors at both enterprise internal and external levels. From the view of internal factors, enterprise green innovation (Wu J. et al., 2022) has a significantly enhancing impact on enterprise GTFP. From the view of external factors, positive investor sentiment (Zhao and Yan, 2023), urban environmental legislation (Zhang et al., 2022), green credit policy (Lv et al., 2023), and regional social capital (Sun et al., 2022) can effectively improve enterprise GTFP, while regarding the effects of environmental regulations, existing studies come to three different types of conclusions, one is that environmental protection tax can improve enterprise GTFP (Tian and Feng, 2022), the other is that carbon emission permit trade mechanism will inhibit the improvement of enterprise GTFP (Hu and Ding, 2020), and the third is that the impact of environmental regulations on enterprise GTFP is non-linear (Ju et al., 2020). As for the relationship between digitization and GTFP, the existing literature mainly analyzes the role of digitization on GTFP at the regional and industry levels. Most scholars believe that digitization has an obvious enhancement effect on GTFP, digitization helps to enhance China’s Yangtze River Delta cities’ GTFP (Lee et al., 2023). The digital economy not only directly increases GTFP in local areas, but also has spillover effects on neighboring areas (Sun et al., 2023). Digital financial inclusion is able to increase GTFP in rural areas (Liu D. et al., 2023), and digital finance can offset some of the negative effects of environmental regulations, and overall show the effect of raising GTFP (Han et al., 2023). From an industry perspective, the digital economy can realize an increase in manufacturing GTFP by raising technological efficiency (Hao et al., 2023). In addition, Chen et al. (2023) found that the digital economy has an inverted U-shaped effect on regional GTFP. However, few studies have examined its relationship with heavily polluting enterprises’ GTFP from the microenterprise digital transformation perspective.

Digital transformation refers to the systematic process of data-driven, deep integration of advanced digital technologies with core links of enterprises to promote changes in production methods, business processes, and business model reorganization, ultimately achieving improved enterprise efficiency and empowering enterprise transformation and upgrading (Warner and Wäger, 2019; Gilch and Sieweke, 2021). Academics have explored the measurement methods and microeconomic effects of digital transformation, and have drawn rich conclusions. With regard to measurement methods, there are currently three mainstream methods: first, the dummy variable method (Peng and Tao, 2022), in which the enterprise carries out digital transformation as 1 and the opposite 0, but the method only reflects whether or not the enterprise carries out digital transformation, and cannot reflect digital transformation degree; second, the single indicator method (Cheng et al., 2023), which is measured by the ratio of the total amount of ICT hardware and software capital to the total assets, but the method only focuses on particular capital applications, and in fact, digital transformation also requires other capital inputs, so its measurement results may be underestimated; third, the text analysis method (Wu et al., 2021; Yuan et al., 2021; Du et al., 2023), which is measured by analyzing digitization-related words frequency in companies’ annual reports, and it can reflect digital transformation actual situation in a more comprehensive way than the two methods mentioned above. With regard to microeconomic effects, most scholars focus on the influence that digital transformation brings to enterprises themselves. First of all, digital transformation can bring efficiency changes to enterprises, which can enhance their innovation ability and crack the innovation dilemma (Liu M. et al., 2023; Zhuo and Chen, 2023), help improve their performance (Peng and Tao, 2022; Zhai et al., 2022; Guo et al., 2023; Zhang Y. et al., 2023), facilitate specialized division of labor (Yuan et al., 2021), and exert good governance effectiveness to contribute to improving corporate governance (Qi et al., 2020). Meanwhile, digital transformation also has a clear influence on enterprise TFP. The general view is that digital transformation can enhance enterprise TFP by reducing costs, promoting innovation, improving operations, and optimizing human capital (Du and Jiang, 2022; Ren et al., 2022; Su et al., 2023), additionally, Cheng et al. (2023) found that the relationship between the two is U-shaped. Secondly, digital transformation can also bring green changes to enterprises, which can raise their green innovation level (Feng et al., 2022; He et al., 2023; Xiao and Zeng, 2023), contribute to carbon reduction (Shang et al., 2023), reduce overall pollution emissions (Li G. et al., 2023), and ultimately improve environmental performance (Xu et al., 2023). In addition, some scholars have also found that digital transformation has significant positive effects on external capital markets, which can effectively enhance stock liquidity levels (Wu et al., 2021) and reduce the stock price crash risk (Wu K. et al., 2022). However, established research ignores the influence of digital transformation on heavily polluting enterprises’ GTFP.

In summary, existing studies have richly explored around GTFP and digital transformation, providing method reference and theoretical support for our study. First, in terms of research methods, the GML index based on the SBM directional distance function is proved to be able to avoid the result bias caused by the radial and angular problems, and also realize the global comparability of the production frontiers, so we adopt this method to measure GTFP. Meanwhile, due to the simplicity and accuracy of the text analysis method, which is able to more comprehensively reflect the digital transformation situation, we adopt this method to measure digital transformation. Second, in terms of research perspectives, existing studies have confirmed that digitalization has a positive role on GTFP at the regional and industry levels, and also affirmed the positive role of digital transformation on efficiency and green development at the enterprise level, but few studies have analyzed digital transformation and GTFP in a unified framework from the enterprise level, which provides a research direction and space for our paper, therefore, we focus on the enterprise perspective to consider the influence of digital transformation on heavily polluting enterprises’ GTFP. Third, in terms of mechanism, previous studies have proved that digital transformation has positive effects on enterprise green innovation (Feng et al., 2022; He et al., 2023; Xiao and Zeng, 2023), governance level (Qi et al., 2020), and specialized division of labor (Yuan et al., 2021), which helps to lay the foundation for the theoretical analysis of our paper, so we focus on the mechanism of green innovation, management efficiency, and external transaction costs.



3. Theoretical analysis


3.1. Digital transformation and GTFP

The essence of improving heavily polluting enterprises’ GTFP lies in maximizing business performance and minimizing environmental pollution with minimum inputs of capital, labor, and energy. Digital transformation is essentially the advancement of production technology and optimization of factor allocation in heavily polluting enterprises (Peng and Tao, 2022), which can promote their energy conservation and pollution reduction, cost reduction, and efficiency improvement, achieve green and efficiency changes, and fundamentally improve GTFP. First of all, the technological progress brought about by digital transformation can not only increase enterprise resource usage efficiency and reduce the waste of resources in production but also help to enhance production technology cleanliness and accelerate updating of production equipment, promoting enterprises to invest in even modern and environmentally friendly production machines, thus realizing energy conservation and pollution reduction (May et al., 2017). Second, enterprises embed digital technology and data elements into core business processes through digital transformation to empower management scenarios such as human resources, R&D innovation, capital operation, and supply chain, which is helpful to improve factor resource mismatch, making the enterprise’s production costs lower and enhancing the production efficiency (Liu S. et al., 2021). Among them, enterprises can transform and upgrade their business processes by means of advanced digital technology, which can help them transform from the traditional production system to the digital production system, reduce their costs and improve their efficiency (Wu et al., 2021). At the same time, enterprise digital transformation can enable more efficient use of data as a critical element, which can greatly enhance enterprise resource allocation efficiency and then enhance their production efficiency. On this basis, the hypothesis below is formulated:

 H1. Digital transformation can effectively enhance heavily polluting enterprises’ GTFP.





3.2. Mechanisms of digital transformation affecting GTFP


3.2.1. Green innovation mechanism

Digital transformation is helpful to promote green innovation and thus enhance heavily polluting enterprises’ GTFP. Emerging digital technology can effectively configure green innovation resources and optimize green innovation mode so as to promote heavily polluting enterprises’ green innovation. First of all, the application of emerging digital technologies makes it possible to broaden the access channels to green innovation resources and make the optimization of green innovation resource allocation (Ning et al., 2022) so as to enhance enterprise green innovation ability. Second, digital transformation can promote collaboration and knowledge sharing between enterprises and innovation subjects such as universities and research institutions and promote enterprises to shift from independent innovation mode to collaborative innovation mode, thus improving the efficiency of enterprise green innovation. According to green innovation, heavily polluting enterprises can achieve energy conservation and pollution reduction through two main ways: source control technology innovation and end treatment technology innovation, thus improving GTFP. From source control technology innovation, enterprises can use clean production technology at the source to save energy and curb pollutant generation; from end treatment technology innovation, enterprises can use waste treatment and energy-saving technology transformation at the end to increase the efficiency of energy usage and decrease the emission of pollutants (Xie and Han, 2022). Moreover, as enterprises improve their green innovation level, their production costs can be reduced significantly, and their production efficiency can be improved significantly, which ultimately helps to enhance GTFP. On this basis, the hypothesis below is formulated:


H2. Digital transformation can enhance heavily polluting enterprises’ GTFP by promoting green innovation.
 



3.2.2. Management efficiency mechanism

Digital transformation is helpful to improve management efficiency and thus enhance heavily polluting enterprises’ GTFP. Advanced digital technology can optimize enterprise operation and management modes, improve communication and supervision efficiency, and thus improve management efficiency. Compared with the traditional mode, digital transformation is more focused on the penetration and integration of data resources, digital platforms, and digital technology with the field of enterprise management, which can help enterprises break the original management mode and transform from the traditional industrialized management mode to the digital management mode (Liu S. et al., 2021), directly enhancing enterprise management efficiency. Moreover, the introduction of an efficient communication management and information processing system through digital transformation is able to increase the coordination between internal departments, decrease the coordination costs between internal departments (Liu et al., 2020), and improve the communication efficiency between internal personnel when enterprises operate and manage and process information. Meanwhile, applying advanced digital technology in enterprises is able to increase the transparency and real-time monitoring of management processes such as finance and internal control, reduce the cost of supervision and efficiency loss due to the principal-agent problem (Chen and Kamal, 2016), and thus enhance enterprise management efficiency. Improving management efficiency is a significant way for heavily polluting enterprises to enhance GTFP. On the one hand, enterprises with high management efficiency can make optimal factor input decisions according to their operating conditions and changes in the external environment (Lev and Radhakrishnan, 2005), which is helpful to improve their own resource allocation and combination capabilities, thus improving their utilization efficiency of existing resources. On the other hand, enterprises with higher management efficiency are more capable of integrating internal innovation resources, which can optimize their innovation system as well as enhance their innovation level, thus improving GTFP. On this basis, the hypothesis below is formulated:


H3. Digital transformation can enhance heavily polluting enterprises’ GTFP by improving management efficiency.
 



3.2.3. External transaction cost mechanism

Digital transformation is helpful to reduce external transaction costs and thus enhance heavily polluting enterprises’ GTFP. Digital transformation mainly reduces the heavily polluting enterprise external transaction costs from four points: First, digital transformation broadens the access to information and accelerates the speed of enterprise information processing, which enables enterprises to learn more quickly about the qualifications and products of counterparties and reach more upstream and downstream related enterprises (Malone et al., 1987), thus improving the market environment of incomplete and asymmetric information and decreasing the information enterprise search costs. Second, applying digital technology makes it possible for enterprises to access more transparent information about product prices, quality, and other critical elements of the contract, and increasing information transparency is able to help increase enterprise communication efficiency, which in turn reduces the negotiation costs between enterprises (Shi and Li, 2020). Third, enterprises can use digital technologies, including the Internet and the Internet of Things, to contact in time and track transaction status in real-time, and intervene in unintended situations caused by incomplete contracts and transactions deviating from the direction of cooperation, thus reducing the supervision costs in the process of contract signing and performance (Clemons et al., 1993). Fourth, the recording, storage, and dissemination of information brought by digital technology can help enterprises to match high-quality counterparties, effectively reduce the probability of counterparty default, and thus reduce the default costs of enterprises (Yuan et al., 2021). The reduction of external transaction costs is able to enhance enterprise GTFP in a significant way. Reducing external transaction costs can improve enterprises’ operational efficiency and profit margins and help promote resource allocation optimization, shifting from traditional manufacturing with low added value and high environmental pollution to service-oriented manufacturing with high added value and environmental friendliness. In addition, the reduction of external transaction costs can not only provide more adequate financial support for companies to undertake green technological innovation so as to alleviate their green transformation financing constraints but also help create a more steady and controllable external environment for them, which promotes them to focus efforts and resources on building their core competitive advantages (Du and Lou, 2022), creating favorable conditions for them to undertake green innovation activities so as to enhance GTFP. On this basis, the hypothesis below is formulated:


H4. Digital transformation can enhance heavily polluting enterprises’ GTFP by reducing external transaction costs.
 

In summary, the overall theoretical framework of Figure 1 is constructed.

[image: Flowchart illustrating the impact of digital transformation on improving GTFP. It shows three pathways: optimizing green innovation resources, optimizing management mode, and reducing costs (information search, negotiation, supervision, and default). Each pathway leads to improvements such as promoting green innovation, improving management efficiency, and reducing external transaction costs, all contributing to improved GTFP.]

FIGURE 1
 Theoretical analysis framework.






4. Methodology


4.1. Sample and data

Chinese A-share listed enterprises in the heavily polluting industry from 2007 to 2019 are selected as the sample in order to investigate the effect of digital transformation on heavily polluting enterprises’ GTFP. Drawing on Li and Xiao (2020) and Zhou et al. (2021) to select heavily polluting industries, 15 industries, including coal mining and washing industry, are classified as heavily polluting industries and screened in accordance with the following conditions: (1) Excluding ST and ST* firm samples; (2) Excluding the samples of missing core variables. Finally, we have acquired 3,107 valid observations. The industry codes include: B06, B09, C17, C18, C19, C22, C25, C26, C27, C28, C29, C30, C31, C32, D44. The data are obtained from annual reports of listed companies, CSMAR database, CNRDS database, China Energy Statistical Yearbook, China Statistical Yearbook, and China Environmental Statistical Yearbook. Additionally, to eliminate the outlier effect, our research applies 1% winsorizes to the major consecutive variables.



4.2. Variables


4.2.1. Explained variable

Green total factor productivity (GTFP). Drawing on Oh (2010) and Liu J. et al. (2021), adopting the GML index based on the SBM directional distance function to represent enterprise GTFP. The indexes that measure enterprise GTFP include input and output indicators, and capital, labor, and energy are input indexes. The capital input adopts the enterprise capital stock which is measured by the perpetual inventory method to measure, that is, [image: Equation showing capital stock dynamics: \( K_t = K_{t-1}(1-\delta) + I_t / P_t \), where \( K_t \) is current capital stock, \( \delta \) is depreciation rate, \( I_t \) is investment, and \( P_t \) is price level.], in which, [image: If you can provide the image by uploading it, I can help generate the alternate text for it.], [image: Mathematical notation showing K subscript t minus 1.] represent enterprise capital stock in period [image: A lowercase, stylized letter "t" in italics, depicted against a plain white background.] and period [image: The expression "t minus one" in a mathematical context.], [image: It seems there was an issue with the image. Please upload the image file or provide a URL, along with any specific context or caption you would like considered.] is the depreciation rate which takes 5%, [image: Mathematical notation displaying the variable "I" subscripted with "t".] is the fixed asset investment indicator of period [image: Stylized lowercase italic letter "t".], and [image: Please upload the image or provide a URL for me to generate the alt text.] is the fixed asset investment price index of period [image: A lowercase italicized letter "t" is shown in a serif font.] in the province in which companies are established; labor input adopts the total number of staffs at year-end of the company to measure; energy input adopts enterprise energy consumption to express, and since enterprise energy consumption data can hardly be obtained directly, and considering that enterprise energy consumption has distinctive industry commonality, therefore, we calculate enterprise energy consumption in accordance with the industry energy consumption data, that is, [image: Equation showing \( E_k = \sum E_k^* C_k / \sum C_k \).], where, [image: Mathematical expression showing "E" with a subscript "k".] denotes the energy consumption of enterprise [image: Mathematical symbol "K" written in a stylized font with serifs.], [image: Summation symbol followed by \( E_k \), representing the sum of all \( E_k \) terms.] denotes industry energy consumption where enterprise [image: Blackletter style letter "K" with intricate details, featuring thick and thin strokes typical of calligraphic designs.] is established, [image: Mathematical notation showing the letter C with a subscript k.] denotes the operating cost of enterprise [image: A 15x15 image of the letter 'K' in a serif font. The letter is centered and appears bold, with evenly distributed strokes and slight contrast between thick and thin lines.], and [image: Summation notation with the Greek letter Sigma followed by the subscript C sub k.] denotes the industry cost where enterprise [image: The image depicts a bold, serif-style uppercase letter "K" in black on a white background.] is established. Desired output and non-desired output are included in the output index. Enterprise operating income is adopted to represent desired output and deflated using their province’s industry producer ex-factory price index; non-desired output is expressed in terms of emissions of industrial sulfur dioxide, emissions of chemical oxygen demand from industrial wastewater, and production of industrial solid waste, for which the calculation method is the same as for energy inputs.



4.2.2. Explanatory variable

Digital transformation (DCG). With reference to Wu et al. (2021), this research adopts text analysis to evaluate enterprise digital transformation. In particular, the text content in the annual reports of sample enterprises is extracted through the Python crawler function so as to build a data pool, and enterprise digital transformation characteristic word atlas is constructed from two aspects: “underlying technology” and “practical application,” in which the “underlying technology” level is divided into four subdivisions of AI, BD, CC and DT with “ABCD” technology as the boundary. The “practical application” level is digital technology application (ADT). On this basis, the word frequencies of the above-mentioned characteristic words of the data pool are counted by using the Chinese word segmentation function of Jieba, and the summed word frequency is logarithmized as an indicator to measure enterprise digital transformation.



4.2.3. Control variables

Drawing on previous researches, our study selects control variables as follows: enterprise size (Size), enterprise age (Age), asset-liability ratio (Lev), profitability (ROA), capital expenditure (Capital), operating cost ratio (Cost), shareholding concentration (Share), and nature of ownership (SOE). The relevant variables are defined in detail in Table 1.



TABLE 1 Variable definitions.
[image: Table listing various business variables, including name, symbol, and definition. It includes variables like Green Total Factor Productivity (GTFP), Digital Transformation (DCG), Enterprise Size, Enterprise Age, Asset-Liability Ratio (Lev), Profitability (ROA), Capital Expenditure, Operating Cost Ratio, Shareholding Concentration, and Nature of Ownership (SOE), each with corresponding explanations.]




4.3. Model construction

In order to verify the influence of digital transformation on heavily polluting enterprises’ GTFP, the following econometric model is set up:

[image: Equation depicting a regression model: \( \text{GTFP}_{i,t} = \alpha_0 + \alpha_1 \text{DCG}_{i,t} + \alpha_2 \text{Controls}_{i,t} + \lambda_p + \mu_l + \Upsilon_y + \varepsilon_{i,t} \).]

Where, [image: Mathematical expression representing the Gross Total Factor Productivity for specific entities, denoted as GTFP with subscripts i and t.] denotes the GTFP of enterprise [image: It seems like there was an error in uploading the image. Please try again by attaching the image file, and I'll help generate the alternate text for it.] in period [image: A lowercase cursive letter "t" with a tall stem and a gently curved crossbar, styled in a calligraphic script, isolated on a plain white background.], [image: Mathematical notation displaying "DCG" with subscripts "i" and "t", possibly representing a specific formula or model element.] is the digital transformation of enterprise [image: It seems there was an issue displaying the image. Please try uploading the image again or provide a URL if it is hosted online.] in period [image: Close-up of a lowercase italic letter 't' set against a white background. The letter appears bold and stylized.], [image: Stylized text reading "Controls" with subscripts "i, t" in italics.] is the enterprise-level control variable, [image: Greek letter lambda with a subscript P.], [image: Greek letter mu followed by the subscript letter I.] and [image: Mathematical symbol \(v_Y\) in a stylized, italicized font.]are province, industry, and year fixed effects, respectively, and [image: The image shows the Greek letter epsilon in italics, with subscript "i" and "t".] is the random disturbance term.




5. Empirical analysis


5.1. Descriptive statistics

Table 2 reports the descriptive statistics for the key variables in this paper. The maximum value, minimum value, mean value, and standard deviation of enterprises’ GTFP are 2.771, 0.511, 1.133, and 0.192, respectively, suggesting that there exist large gaps between various heavily polluting enterprises’ GTFP. The maximum value, minimum value, mean value, and standard deviation of enterprise digital transformation are 4.111, 0, 0.392, and 0.727, respectively, suggesting that there are also obvious differences in the digital transformation level between various heavily polluting enterprises and that some enterprises have not undertaken the digital transformation, in which their depth of digital transformation needs to be improved. The value intervals of the remaining control variables are basically the same as in previous studies.



TABLE 2 Descriptive statistics.
[image: Table displaying summary statistics for various variables with labels: GTFP, DCG, Size, Age, Lev, ROA, Capital, Cost, Share, and SOE. Columns include the number of observations (3,107), mean, standard deviation (SD), minimum, and maximum values. For example, GTFP has a mean of 1.133, SD of 0.192, minimum 0.511, and maximum 2.771.]



5.2. Benchmark regression

Table 3 shows the effect of digital transformation on heavily polluting enterprises’ GTFP. Column (1) considers only the enterprise digital transformation (DCG) variable. As we can see, the estimation coefficient of DCG is significantly 0.0681. Column (2) includes province, industry, and year fixed effects based on column (1), and the coefficient of DCG is significant at 0.0234, and column (3) further incorporates control variables based on column (2), and the coefficient of DCG is 0.0230, which is still positive in a significant way. It indicates there is an increasing trend of heavily polluting enterprises’ GTFP as their digital transformation degree improves, and digital transformation can significantly increase such enterprises’ GTFP, which verifies Hypothesis 1 of this paper. Regarding the control variables, enterprise size (Size), capital expenditure (Capital), and operating cost rate (Cost) all have significant and negative estimated coefficients, which shows that the more fixed assets are invested, the more capital expenditure and the greater production cost, the heavier the economic burden of enterprises, the weaker the incentive for green transformation and the lower the GTFP; the estimated coefficients of enterprise age (Age), asset-liability ratio (Lev), and shareholding concentration (Share) are positive in a significant way, which means that enterprises with the longer establishment, less difficulty in raising capital, and larger shareholding of the top 10 shareholders have higher GTFP. The remaining control variables’ coefficients are not significant.



TABLE 3 Benchmark regression.
[image: Regression table with three models labeled (1), (2), and (3) for the dependent variable GTFP. Model (1) shows DCG as significant with a coefficient of 0.0681 and a standard error of 0.0060. Models (2) and (3) include additional variables: Size, Age, Lev, ROA, Capital, Cost, Share, and SOE, with various coefficients and significance levels. Adjusted R-squared values are 0.0662 for model (1), 0.3694 for model (2), and 0.3903 for model (3). Observations number 3,107 for all models. Significance levels are indicated by asterisks.]



5.3. Endogenous treatment

Considering that enterprises’ enhancement of GTFP is a possible motive for their digital transformation, thus the endogenous problem due to bidirectional causality may exist between the two. In this study, we utilize the instrumental variable (IV) method to alleviate the endogenous problem and test it using the 2SLS method. Drawing on Zhou et al. (2022), our instrumental variable is represented by the digital transformation degree average value of other enterprises in the same province and industry (DCG_IV). Such an instrumental variable is selected because other enterprises’ digital transformation level in the same province and industry is able to show this enterprise’s digital transformation situation, but it will not directly affect the GTFP of this enterprise, which satisfies the principles of relevance and exogeneity of the instrumental variable.

Table 4 shows the estimation results of IV method. As we can see, the LM statistic has a significant value of 169.057, which rejects insufficient identification hypothesis; and the F statistic has a significant value of 254.447, higher than the critical value corresponding to the Stock-Yogo test at the 10% level, which passes the weak identification test, indicating that our IV is appropriate. Column (1) presents the first-stage estimation results. As we can see, DCG_IV estimated coefficient is positive in a significant way, which meets the relevance requirement of instrumental variables. Column (2) presents the second-stage estimation results. As we can see, the estimated coefficient of DCG is significant at 0.0466, which means that the conclusion that enterprise digital transformation can enhance its GTFP in a significant way still holds, and the estimated result is higher than benchmark result, which shows that the endogenous problem leads to the underestimation of the enhancement role of digital transformation on enterprise GTFP, which enhances the reliability of previous conclusions and again verifies Hypothesis 1.



TABLE 4 Instrumental variable method test results.
[image: Table showing variable analysis with two columns: DCG and GTFP. DCG_IV is 0.7103 with a p-value of 0.0498, and GTFP is 0.0466 with a p-value of 0.0145. Both include control variables and fixed effects, with 3,107 observations. Kleibergen-Paap rk LM statistic is 169.057 with a p-value of 0.000. Cragg-Donald Wald F statistic is 254.447 with a critical value of 16.380. Values marked with asterisks denote significance.]



5.4. Robustness test


5.4.1. Replacing the explanatory variable

Replacing digital transformation measurement method and re-estimated so as to avoid the effect of measurement error. Drawing on Zhang et al. (2021), this study adopts the ratio of digitalization-related intangible assets to total enterprise intangible assets (DIG) to replace the benchmark regression’s explanatory variable and substitutes it into the model for re-estimation, which is presented in column (1) of Table 5. As we can see, after replacing the core explanatory variables, the coefficient of DIG is significant at 0.0900, which indicates that digital transformation can significantly enhance enterprise GTFP, confirming that the previous findings are robust.



TABLE 5 Robustness test.
[image: Table displaying regression analysis results across five models. Columns indicate different scenarios: replacing variables, lagged treatment, estimation model, and estimation sample. Key variables include DIG, DCG, and L.DCG with coefficients and significance levels marked by asterisks. Constant coefficients, control variables, fixed effects, number of observations, and adjusted R-squared values are shown for each model.]



5.4.2. Replacing the explained variable

Further measuring enterprise GTFP with a depreciation rate of 9.6%, the explained variable of the benchmark regression is replaced and substituted into the model for re-estimation, which is presented in column (2) of Table 5. As we can see, the coefficient of DCG is significant at 0.0216, implying that the research finding that digital transformation is able to increase enterprise GTFP in a significant way is robust.



5.4.3. Explanatory variable lagged treatment

Since the influence effect of digital transformation may be lagged, this study lags the explanatory variables by one period. Column (3) of Table 5 presents the estimation results. As we can see, the coefficient of the digital transformation indicator with one period lag (L.DCG) is significantly 0.0199, which means that GTFP in the future one period is positively related to enterprise digital transformation, the same as the conclusion above.



5.4.4. Replacing the estimation model

Since the GTFP of enterprises is characterized by a left truncation at 0, the Tobit regression method with high fitness to truncated data is adopted to test. Column (4) of Table 5 presents the estimation results. As we can see, the coefficient of DCG is significant at 0.0094, which means that the previous conclusion still holds.



5.4.5. Adjusting the estimation sample

Considering that several enterprises have not undergone digital transformation, which may interfere with the regression results, we exclude the sample of enterprises that have not undergone digital transformation and re-examined. Column (5) of Table 5 reports the estimation results after adjusting the estimation sample. As we can see, the conclusion that digital transformation can improve enterprise GTFP remains unchanged after excluding the sample with 0 explanatory variables, corroborating previous findings are robust.




5.5. Mechanism test

Based on the above discussion, digital transformation may increase heavily polluting enterprises’ GTFP by promoting green innovation, improving management efficiency, and reducing external transaction costs. To this end, the above mechanism of action is further empirically tested, and the mechanism test model is set as follows:

[image: Mathematical equation representing a mechanism: Mechanism subscript i,t equals alpha sub zero plus alpha sub one times DCG subscript i,t plus alpha sub two times Controls subscript i,t plus lambda rho plus mu I plus theta Y plus epsilon subscript i,t.]

Where, [image: Italicized text reads "Mechanism" followed by subscript "i, t."] denotes the mechanism variable, which contains indicators concerning green innovation, management efficiency, and external transaction costs, and other variables are consistent with model (1).


5.5.1. Green innovation mechanism

We discuss the mechanism role of green innovation at two levels: green innovation quantity (GIS) and green innovation quality (GIZ), respectively. Drawing on Xiao and Zeng (2023), GIS adopts the logarithm measurement after adding one to the number of green invention patents and green utility model patents, while GIZ adopts the logarithm measurement after adding one to the number of green invention patents with high technical content. Table 6 Columns (1) and (2) examine the effects of enterprise digital transformation on green innovation quantity and green innovation quality, respectively. As we can see, the coefficients of DCG are significant at 0.0569 and 0.0539, respectively, which means that digital transformation is able to increase enterprises’ green innovation quantity and raise their green innovation quality in a significant way, that is, digital transformation is able to enhance heavily polluting enterprises’ green innovation level in a significant way. This may be because digital transformation is able to boost heavily polluting enterprises to organize green innovation resources effectively and optimize green innovation mode so as to increase their green innovation degree. According to green innovation, such enterprises can help them achieve energy conservation and pollution reduction, cost decrease, and efficiency enhancement by using clean production technology, waste treatment, and energy saving technology transformation, and then improve GTFP. Thus, there is a mechanism for digital transformation to improve heavily polluting enterprises’ GTFP by promoting their green innovation, which verifies Hypothesis 2 of this paper.



TABLE 6 Mechanism test results.
[image: A regression table displaying results for four models labeled GIS, GIZ, Manage, and Asset. Each model includes coefficients for DCG and a constant. DCG coefficients are: 0.0569 for GIS, 0.0539 for GIZ, -0.0038 for Manage, and -0.0177 for Asset, each with accompanying standard errors. Constants are listed with significant negative values, except for Manage with a positive value. All models use control variables and fixed effects, with 3,107 observations. Adjusted R-squared values range from 0.3201 to 0.5726. Significance is indicated by asterisks.]



5.5.2. Management efficiency mechanism

Management efficiency (Manage) is measured using the management expense ratio, where a lower management expense ratio indicates a higher management efficiency. Column (3) of Table 6 reports the findings of enterprise digital transformation and management expense ratio. As we can see, the estimated coefficient of DCG is significant at −0.0038, which means that digital transformation is able to reduce heavily polluting companies’ management expense ratio significantly, that is to say, digital transformation is able to increase heavily polluting companies’ management efficiency in a significant way. This is because heavily polluting companies deeply integrate data resources, digital platforms, and digital technologies with their management fields through digital transformation, which optimizes their operation and management modes, enhances the transparency and visualization of their various management processes, reduces their management costs, and improves their management efficiency. The improvement of management efficiency helps to increase heavily polluting enterprises’ resource utilization efficiency and technological innovation degree, which in turn improves GTFP. Therefore, there is a mechanism for digital transformation to improve heavily polluting enterprises’ GTFP by improving their management efficiency, which verifies Hypothesis 3 of this paper.



5.5.3. External transaction cost mechanism

External transaction costs (Asset) adopt asset specificity as a proxy indicator, specifically adopting the proportion of fixed assets to total assets to define, and the higher the asset specificity shows that enterprises face higher external transaction costs. Column (4) of Table 6 reports the related estimation results. As we can see, the coefficient of DCG is significant at −0.0177, which shows that digital transformation is able to significantly reduce heavily polluting enterprises’ asset specificity level, in other words, digital transformation could significantly decrease the external transaction costs faced by heavily polluting companies. The reason may be that digital transformation could effectively decrease heavily polluting enterprises’ internal and external information asymmetry and reduce their external transaction costs such as information search cost, negotiation cost, supervision cost, and default cost of enterprises. The reduction of external transaction costs can help improve the operational efficiency and profitability of heavily polluting enterprises, relieve heavily polluting enterprises’ financing constraints, stimulate their green transformation motivation, and ultimately improve GTFP. Thus, there is a mechanism for digital transformation to improve heavily polluting enterprises’ GTFP by reducing their external transaction cost, which verifies Hypothesis 4 of this paper.




5.6. Heterogeneity analysis

The previous paper verified that digital transformation could enhance heavily polluting enterprises’ GTFP in a significant way. Next, the heterogeneity characteristics exhibited by its impact are further discussed based on enterprise property rights nature, industry science and technology attributes, geographic regions, and structural characteristics of digital transformation.


5.6.1. Heterogeneity of enterprise property rights nature

The study sample is classified into state-owned and non-state-owned enterprises according to enterprise property rights nature. Columns (1) and (2) of Table 7 demonstrate the relevant estimation results. As we can see, the coefficients of DCG are all positive at the 1% level in a significant way, which means that digital transformation is able to significantly enhance heavily polluting enterprises’ GTFP in both types of enterprises, but its enhancement effect is greater in non-state-owned enterprises. This is because state-owned enterprises own more financial and policy advantages, which makes them face less competitive pressure and thus lack the incentive to innovate, and their management mode and operation mechanism are more solidified, so their digital transformation process is slow. However, non-state-owned enterprises are self-financing, which have more incentive to implement digital transformation under the pressure of fierce competition, thus better improving their GTFP.



TABLE 7 Heterogeneity analysis results based on enterprise property rights nature, industry science and technology attributes, and geographic regions.
[image: A table displays regression results for different categories. Variables include DCG and _cons. Six columns represent: state-owned enterprises, non-state-owned enterprises, high-tech industries, non-high-tech industries, eastern region, and central and western regions. Each column lists values for DCG and _cons, with respective standard errors in parentheses. Control variables and FE are marked as "Yes" for all columns. Observations and adjusted R-squared values vary by column.]



5.6.2. Heterogeneity of industry science and technology attributes

Drawing on the study by Peng and Mao (2017), the study sample is divided into high-tech and non-high-tech industries. Columns (3) and (4) of Table 7 present the group estimation results. As we can see, the coefficients of DCG are all positive at the 1% level in a significant way, which means digital transformation has significantly positive effects on heavily polluting enterprises’ GTFP in both types of industries, but its improvement is more obvious in non-high-tech industries. This may be due to the fact that technology innovation activities are more frequent in high-tech industries, in which heavily polluting enterprises have technology advantages, their digital development level is usually higher, and the space for digital transformation to play a further role is limited, thus the effect of improving GTFP through digital transformation is weaker. In contrast, heavily polluting companies in non-high-tech industries often have a much lower level of digital development and more room for digital transformation to play, thus showing a more obvious improvement role of digital transformation on their GTFP.



5.6.3. Heterogeneity of geographic regions

The study sample is classified into the eastern region and the central and western regions based on the location of heavily polluting enterprises. Columns (5) and (6) of Table 7 report the relevant grouping results. As we can see, the coefficient of DCG is positive in a significant way only in the eastern region, while it is not significant in the central and western regions, which means there is a more obvious enhancement role of digital transformation on heavily polluting enterprises’ GTFP in the eastern region. This may be due to the fact that the eastern region holds relative benefits in terms of economic development and digital infrastructure construction, and heavily polluting enterprises in the eastern region are able to get more digital development opportunities, and face more fierce market competition, usually have stronger awareness of technology innovation, and have more motivation to implement digital transformation, reduce external transaction costs and improve internal governance structure, and thus improve GTFP more significantly. However, the economic development degree of the central and western regions is lower, and the digital infrastructure construction is not perfect enough, so heavily polluting enterprises’ digital transformation space in the central and western regions is comparatively limited, which results in the limited role of their digital transformation in enhancing GTFP.



5.6.4. Heterogeneity of structural characteristics of digital transformation

Particularly, considering that digital transformation contains technological differences with different structural characteristics (Wu et al., 2021), it may differentially affect enterprise GTFP. Therefore, we examine the role of the five segmentation indicators of digital transformation on heavily polluting enterprises’ GTFP, respectively. Table 8 presents the related estimation results. As we can find, the coefficients of AI, CC, DT, and ADT are all positive in a significant way, while the coefficient of BD is positive but not significant, which suggests that AI, CC, DT, and ADT are more significant than BD in contributing to the heavily polluting enterprises’ GTFP improvement. The possible reason is that the mining and utilization of data by frontier information technology are helpful for optimizing heavily polluting enterprises’ business processes and management modes, therefore, strengthening to develop and apply frontier information technology could encourage such enterprises to undertake technological innovations, reduce production costs and transaction costs, improve operational efficiency, and thus improve their GTFP. Among them, the improvement effect of BD on enterprise GTFP is not significant, probably because the current domestic BD is not mature, and it has not achieved a breakthrough in both scale and feasibility, and some technology applications suffer from policy barriers, which makes it difficult to be valued by enterprises, so it has no significant improvement role in enterprise GTFP.



TABLE 8 Heterogeneity analysis results based on structural characteristics of digital transformation.
[image: Regression table with five models showing the effects of variables on GTFP. AI has significant impact in model 1 with \(0.0426^*\). BD affects model 2 with \(0.0710\). CC is significant in model 3 with \(0.0613^{***}\). DT impacts model 4 with \(0.0361^{***}\). ADT significantly impacts model 5 with \(0.0198^{***}\). All models include control variables, fixed effects, 3,107 observations, and show adjusted R-squared values around 0.38 to 0.39. ***, **, and * denote statistical significance.]





6. Conclusions and policy suggestions

Digital transformation is a crucial engine for enhancing heavily polluting enterprises’ GTFP. According to the theoretical analysis, we use Chinese A-share listed enterprises in the heavily polluting industry data from 2007 to 2019, measure enterprise digital transformation indicator using text analysis, and measure enterprise GTFP indicator using the GML index on the basis of the SBM directional distance function, so as to verify the effect of digital transformation on heavily polluting enterprises’ GTFP and its mechanism. Our research conclusions mainly include: First, digital transformation is able to significantly enhance heavily polluting enterprises’ GTFP, and the finding remains valid after considering the endogenous problem and conducting the robustness tests. Second, digital transformation is able to enhance heavily polluting enterprises’ GTFP by promoting green innovation, improving management efficiency, and reducing external transaction costs. Third, the role of digital transformation in enhancing heavily polluting enterprises’ GTFP has obvious differences according to enterprise property rights nature, industry science and technology attributes, geographic regions, and structural characteristics of digital transformation. The improvement role of digital transformation on heavily polluting enterprises’ GTFP is more obvious in non-state-owned enterprises and non-high-tech industries; the improvement role of digital transformation on heavily polluting enterprises’ GTFP is significant in the eastern region but not significant in the central and western regions; artificial intelligence technology, cloud computing technology, big data technology, and digital technology application can significantly improve heavily polluting enterprises’ GTFP, while blockchain technology has no significant improvement role.

Corresponding to the above research conclusions, three policy suggestions are obtained:

First, accelerate heavily polluting enterprises’ digital transformation, and add new power to enhance GTFP with digital transformation. Research has found that digital transformation can bring green and efficiency changes to heavily polluting enterprises, helping to improve their GTFP. Therefore, the government should increase policy support for heavily polluting enterprises’ digital transformation, and through tax incentives, financial subsidies, and talent introduction to help heavily polluting enterprises complete their digitalization and intelligent transformation, so as to better release digital transformation dividends. Meanwhile, accelerate to improve digital infrastructure construction, strengthen high-quality data elements supply, promote the penetration of digital technology to heavily polluting enterprises, and consolidate the digital foundation of their green transformation. In addition, heavily polluting enterprises should actively invest in digital construction, systematically plan digital transformation strategies suitable for their own green development, and increase investment in digital transformation funds and talents, deeply integrate digital technology with their own production, R&D, management, and other links to enhance the digital transformation degree of the core links, and give full play to the role of digital transformation to empower green development.

Second, smooth the transmission path of digital transformation and promote heavily polluting enterprises’ green transformation. According to the research results, the key mechanisms of digital transformation to enhance heavily polluting enterprises’ GTFP lie in promoting green innovation, improving management efficiency, and reducing external transaction costs. Therefore, heavily polluting enterprises should focus on empowering green innovation with digital technology, strengthening the application of digital technology in the green innovation process of clean production, end treatment, and energy saving type, enhancing green innovation capability, promoting energy conservation, pollution reduction, cost reduction, and efficiency improvement, so as to realize green transformation. Meanwhile, digital technology should be used to innovate traditional organizational structure and management modes, integrate digital technology into operation and management fields, establish efficient cross-department and cross-organizational collaboration mechanisms, realize information sharing and collaboration, and increase digital management levels, and give full play to digital empowerment in green transformation process. In addition, the institutional environment is the decisive factor in external transaction costs. The government should strengthen administrative system reform, improve governance efficiency, promote the “effective market” with “competent government,” continuously improve the business environment and contract environment, so as to defuse heavily polluting enterprises’ external transaction risks, reduce their external transaction costs, and create conducive conditions for their green transformation.

Third, precisely applying policies to help various types of heavily polluting enterprises implement digital transformation in a smooth and orderly manner. It is found that the influence of digital transformation on heavily polluting enterprises’ GTFP varies among enterprise characteristics. Therefore, the government should follow differentiation principles and implement accurate digital transformation support policies according to enterprise property rights nature, industry science and technology attributes, as well as geographic regions characteristics. Specifically, for state-owned heavily polluting enterprises, they should be guided to use digital technology to promote deeper changes in management mode and operation mechanism, and take digital transformation as a major method to achieve high-quality development. For heavily polluting enterprises in high-tech industries, encourage them to grasp digital economy advantages and explore digital transformation solutions suitable for their green development. Meanwhile, increase the construction of digital infrastructure in the central and western regions, accelerate “East Digital West Computing” project, and increase the overall level of national computing power so as to better empower digital development. In particular, according to the research findings, since blockchain technology has not yet achieved a technological breakthrough in both scale and feasibility, and cannot significantly improve GTFP, the government should improve the laws and regulations in blockchain technology field, increase the research and development of blockchain underlying core technology, and promote heavily polluting enterprises to efficiently apply blockchain technology to upgrade their green development.

In addition, this paper has limitations that can be further explored in future research. First, this paper focuses on the sample of listed companies in Chinese heavily polluting industries, which cannot well reflect the situation in other countries and other industries, future research can expand to analyze other countries and other industries. Second, this paper uses the way of analyzing the textual information related to enterprise annual reports to measure digital transformation, the results may have a gap with the actual, future research can construct multi-dimensional indicators to measure. Third, the mechanism is only explored from the dimensions of green innovation, management efficiency, and external transaction costs, but the influence of digital transformation is extensive, future research can explore other influence paths.
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Introduction: Climate change is a source of global concern that has both direct and general impacts on mental health. A recent study conducted following severe bushfires in Australia demonstrated relationships among nature connectedness, climate action, climate worry, and mental health; for example, nature connectedness was associated with climate worry, which in turn was associated with psychological distress.
Methods: The present study sought to replicate those findings while building on them in two important ways: on those findings in two ways: first, test similar relationships in a different geographical context that has been mostly spared from direct impacts by acute climate events; second, we take into consideration an additional factor, climate knowledge, which has been linked to relevant factors such as climate anxiety.
Results: The results of a survey completed by 327 adults revealed a similar relationship between nature connectedness and climate anxiety, and between that and psychological distress. Further mirroring those previous findings, nature connectedness was associated with both individual and collective climate action, but the relationships between them and psychological distress differed.
Discussion: The proposed model was a better fit to the collected data among those with high levels of climate change knowledge than those with low levels, suggesting that such knowledge influences how the above factors relate to each other.
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1. Introduction

A recent study by Curll et al. (2022), conducted in Australia following a historically bad bushfire season, explored the ways in which nature connectedness, pro-environmental behaviors, and various facets of mental health (climate worry and psychological distress) are related to each other in the context of acute climatic events. They found that nature connectedness was positively associated with both climate worry and pro-environmental behavior in the forms of both individual and collective action; climate worry and collective action were, in turn, linked to psychological distress. The present study sought to replicate those findings, with two important differences: (1) It was conducted in a geographical location that has been much less impacted by severe weather events; and, (2) It included an additional construct, climate knowledge, that may be important to understanding the above-mentioned relationships.

Climate change represents a grave threat to humans on every scale, from individual wellbeing to the maintenance of society to the planetary health that underlies the ecosystems that sustain us (IPCC, 2022). Along with the well-documented impacts of climate change upon physical health (Watts, 2020), recent research has provided an increasingly clear picture of its negative effects on our mental health. Acute climate change-related weather events such as heat waves, wildfires, and flooding have been linked to poor mental health including elevated rates of depression, anxiety, and post-traumatic stress disorder (Obradovich et al., 2018; Cianconi et al., 2020; Cruz et al., 2020).

Recent findings have made it clear that the psychological effects related to climate change are not just limited to acute events but rather are global in scale. A recent ten-nation study found that 59% of respondents were very or extremely worried about climate change; negative emotions such as sadness and guilt were each reported by over half of the respondents in relation to climate change (Hickman et al., 2021). Highlighting the impacts of awareness and anticipation, a recent longitudinal study by McBride et al. (2021) found that individuals’ concerns about climate change at one time point predicted their levels of psychological distress a year later. Overall, it appears that climate change negatively impacts mental health through both direct and indirect mechanisms (Berry et al., 2010; Doherty and Clayton, 2011).

One relatively new concept that might enrich our understanding of such negative effects of climate change is climate change anxiety (Clayton, 2020; Clayton and Karazsia, 2020), which has emerged in parallel with some other, similar ideas such as eco-anxiety (Coffey et al., 2021) and ecological stress (Helm et al., 2018). As conceptualized by Clayton and Karazsia (2020), climate change anxiety can be distinguished from concern or worry about climate change by its impacts on everyday life, which may be cognitive-emotional (e.g., difficulty concentrating) or functional (e.g., neglecting other facets of life). Climate change anxiety is positively associated with worry and concern related to climate change (Whitmarsh et al., 2022; Tam et al., 2023) but, in keeping with its heightened impacts, also less prevalent (Whitmarsh et al., 2022).

A growing number of studies have associated climate change anxiety with poor mental health. For example, Reyes et al. (2021) found climate change anxiety to be a significant predictor of psychological distress. To some degree, findings are mixed: climate change anxiety has been linked to generalized anxiety in some (Schwartz et al., 2022; Whitmarsh et al., 2022) but not all cases (Mouguiama-Daouda et al., 2022). Depression has also been linked to climate change anxiety (Mouguiama-Daouda et al., 2022), although in one case depression was associated with cognitive-emotional but not functional impairment (Schwartz et al., 2022). It may also contribute to the effects of acute climate events: scores on the Climate Change Anxiety Scale in a western Canadian population were significantly higher following a 2021 heat dome than they had been prior to that event (Bratu et al., 2022).

Given the well-accepted contribution of human activities to climate change, a central research focus has been to understand human willingness to change alter problematic behaviors and engage in action with the potential to slow or reverse its progress. Such pro-environmental behaviors can be divided two categories based on their scope: individual action involves making environmentally friendly purchasing choices, using less gas or electricity at home, etc., while collective action involves behaviors like basing voting decisions upon climate change positions and expressing views on climate change to others (Walker et al., 2015; Stanley et al., 2021). In understanding how they relate to mental health in the context of climate change, it is notable that these two types of action differ in terms of their associated emotions. For example, high subjective wellbeing is more strongly associated with individual than collective climate action. In terms of motivations, engagement in individual climate action has been linked to positive affect (Coelho et al., 2017), whereas collective action appears to be driven by negative emotions such as anger and guilt (Mallett, 2012; Harth et al., 2013).

Researchers have identified several predictors of pro-environmental behavior, including personality (Soutter et al., 2020) and environmental knowledge (Tamar et al., 2021). Climate change appears represent another predictor: it has been positively linked to pro-environmental behavior in several studies (Wullenkord et al., 2021; Heeren et al., 2022), though in other cases that association was either absent (Clayton and Karazsia, 2020) or present for some behaviors but not others (Whitmarsh et al., 2022).

An additional factor that has recently been studied in relation to many of the above factors, in the context of climate change, is nature connectedness, an individual’s sense of emotional and cognitive connection to the natural world (Mayer and Frantz, 2004). Not surprisingly, those that feel more connected to nature engage in more pro-environmental behaviors (Martin et al., 2020; Whitburn et al., 2020). Nature connectedness has in most cases exhibited a positive association with mental health: across many studies, it has been associated with greater well-being, whether hedonic (Capaldi et al., 2014) or eudaimonic (Pritchard et al., 2020), and lower depression, anxiety, and stress (Richardson, 2019; Bakir-Demir et al., 2021). Nonetheless, there is some evidence that nature connectedness may instead be associated with worse mental health in the context of acute climate crises (Dean and Green, 2018; Curll et al., 2022).

Overall, while many studies have taken into consideration one or a few of the above factors related to climate change, it is not clear how they all fit together. Recently, Curll et al. (2022) proposed and tested a path model relating nature connectedness to climate worry, climate action (individual and collective), and psychological distress (depression, anxiety, and stress). Their results revealed that nature connectedness was associated with pro-environmental behaviors in the forms of both individual and collective action, as well as climate worry (and climate worry was positively associated with each type of climate action). In turn, climate worry and collective action were positively linked to psychological distress, whereas collective action was negatively associated with it.

While Curll et al.’s (2022) findings provide valuable insights into the relationships among nature connectedness, mental health, and climate action, it is important to note that it was done in the context of an acute climate crisis. Considering that factors such as climate anxiety vary substantially across populations (Tam et al., 2023) and can change within populations following climate events (Bratu et al., 2022), it is unclear whether these relationships would be similar in other contexts including the absence of such acute circumstances. Thus, one objective of the present study is to assess a model similar to that proposed by Curll et al. (2022) in a different location and out of that type of context. In the present study, data collection took place in Canada’s Maritime provinces, a region that has occasionally experienced seasonal flooding in some areas and strong weather associated with passing hurricanes but otherwise has not experienced extreme weather events (e.g., widespread flooding, wildfires) to the same degree as other regions, such as Australia or western Canada.

Based on documented changes following climate events (Bratu et al., 2022), it was hypothesized that climate change anxiety would be lower in this less affected population. We also hypothesized, based on the global nature of climate change impacts (Hickman et al., 2021; Ogunbode et al., 2022), the proposed path model would be an overall good fit to the data, with the possibility of differences in some relationships compared to the findings of Curll et al. (2022). For example, based on geographic comparisons among countries that varied in vulnerability to climate impacts (Tam et al., 2023), we expected climate anxiety and climate action to be more strongly linked here compared to Curll et al.’s (2022) findings.

Curll et al. (2022) also suggested that future studies consider additional variables that might influence the relationships in question. One such factor is climate change knowledge, which includes knowledge about topics such as temperature changes and greenhouse gases, as well as the meaning of ‘climate’ itself (Reynolds et al., 2010; Tobler et al., 2012). Such knowledge is thought to be a critical factor in individuals’ overall understanding and perception of climate change as an important global topic, as well engagement related to the issue (Wolf and Moser, 2011; Shi et al., 2016); especially considering the high prevalence of misinformation on the topic (Lewandowsky, 2021). Taking climate knowledge into consideration alongside the other variables measured by Curll et al. (2022) has the potential to enrich our understanding of how nature connectedness, climate action, and mental health relate, especially considering that climate knowledge has previously been linked to facets of their model. For example, climate knowledge is positively associated with pro-environmental behaviors (Vicente-Molina et al., 2013) and negatively related to climate anxiety (Zacher and Rudolph, 2023). Nonetheless, the role of climate knowledge in the climate context is likely complex given the possibility that individuals employ defense mechanisms to protect against negative emotional responses to climate change information, which in turn may influence their behavior (Moser, 2007).

Thus, the second objective of the present study is to examine how climate anxiety influences the above-described relationships. Although Curll et al. (2022) did not measure climate or environmental knowledge, it was likely high considering that such topics were at the forefront in that context. Thus, we hypothesized that the proposed model would be a better fit in those with high climate knowledge.



2. Methods


2.1. Study design

In keeping with the present study’s objectives to expand upon Curll et al.’s (2022) findings regarding the interrelationships among nature connectedness, climate action, and mental health, the same array of variables was measured, with two exceptions. One was the addition of a measure of climate knowledge and the other was replacement of climate worry to climate change anxiety, a distinct but related construct. This switch was inspired by the rapidly growing body of knowledge linking climate change anxiety to the other factors (e.g., climate action) included here.



2.2. Participants

Data was collected from a total of 327 individuals during the period of February–April, 2023. Participants were recruited from undergraduate classes at the University of New Brunswick Saint John in Saint John, New Brunswick Canada (n = 225); participants were also recruited through social media (n = 102) by advertising on Facebook groups and subreddits associated with the University of New Brunswick and the Maritime provinces (e.g., r/SaintJohn). Within the total sample of 327 participants, 236 identified as female, 80 identified as male, and 11 identified as gender variant/non-conforming. The mean age of participants was 24.30 years (SD = 9.19), ranging from 18 to 68.



2.3. Measures


2.3.1. Nature connectedness

Nature connectedness was measured using the Connectedness to Nature Scale (CNS) (Mayer and Frantz, 2004). This scale consists of 14 items (e.g., “I often feel part of the web of life”) measured on a 5-point Likert scale ranging from 1 (“Strongly disagree”) to 5 (“Strongly agree”). Responses were averaged to generate a total score, with higher scores representing greater nature connectedness. The scale exhibited high internal reliability (α = 0.83).



2.3.2. Climate change anxiety

Climate change anxiety was measured using the 13-item Climate Change Anxiety Scale (Clayton and Karazsia, 2020). Participants responded to items (e.g., “I write down my thoughts about climate change and analyze them”) using a 5-point Likert scale ranging from 1 (“Strongly disagree”) to 5 (“Strongly agree”). Responses on all items were averaged to generate a total score; responses were also averaged to generate scores for cognitive-emotional impairment (items 1–8) and functional impairment (items 9–13), following the two-factor model established by Clayton and Karazsia (2020). The scale’s reliability was high (α = 0.93) in the present study.



2.3.3. Individual and collective climate action

Pro-environmental behaviors in the forms of individual and collective climate action were measured using a 16-item scale (Stanley et al., 2021) that asked participants the degree to which they engaged in such behaviors on a visual scale ranging from 0 (“Never”) to 100 (“At every opportunity”). Eight of the items asked about collective action (e.g., “Written a letter to a member of parliament”) and eight asked about individual action (e.g., “Tried to fix things rather than replace them”); for each, individual responses to generate a total score. Both individual (α = 0.77) and collective action (α = 0.86) exhibited acceptable internal reliability.



2.3.4. Climate knowledge

The Climate Change Assessment Measure (Bodzin and Fu, 2014) was used to measure objective climate knowledge. This questionnaire consists of 28 multiple choice questions assessing general climate and climate change knowledge. Higher scores indicate more climate and climate change knowledge. This questionnaire exhibited acceptable reliability (α = 0.79) in the current study.



2.3.5. Psychological distress (depression, anxiety, and stress)

To measure psychological distress, the 21-item Depression Anxiety Stress Scale (DASS-21; Lovibond and Lovibond, 1995) was used. It consists of subscales for depression, anxiety, and stress, each of which is measured using seven items. Participants were asked to rate the relevance of each statement (e.g., “I found it hard to wind down”) to themselves from 0 (“Does not apply to me at all”) to 3 (“Applies to me very much or most of the time”). Responses were summed to for each subscale, such that scores ranged from 0 to 21 for each variable. The internal reliability scores for depression (α = 0.91), anxiety (α = 0.86), and stress (α = 0.89) were all high in the present study.




2.4. Procedure

The study was reviewed and approved by the Research Ethics Board at University of New Brunswick Saint John. After being directed to an online survey platform (Qualtrics) and providing consent, participants provided demographic information and were presented with a randomized package of questionnaires. Data collection occurred between February 15 and April 17, 2023.



2.5. Statistical analysis

Analyses were done using the Statistical Package for the Social Sciences software version 25 (SPSS 25) and R software (R Core Team, 2022). Of the 346 participants that completed the survey, 19 were removed for incomplete responses, leaving a final sample size of 327. There were no univariate outliers observed, and using Mahalanobis distances, it was determined that there were also no multivariate outliers.

Bivariate correlation analyses were used to examine zero-order associations among variables. In keeping with the objective of comparing relationships among the measured variables to those seen by Curll et al. (2022), the same hypothesized model (with the replacement of climate worry with climate change anxiety) was tested using path analysis, a form of structural equation modeling. This was conducted using the levaan package (Rosseel, 2012) in R for each of the three outcome variables (depression, anxiety, and stress). The fit of each model was assessed using the following indices: comparative fit index (CFI), Tucker Lewis index (TLI) and standardized root mean square residual (SRMR) values, root mean square area of approximation (RMSEA). The criteria for an adequate fit of the model to the data were values greater than 0.90 for CFI and TLI, and values less than 0.08 for SRMR and RMSEA (Kline, 2015).

To test the role of climate knowledge, participants were divided into two groups with the goal of creating two roughly equal sized groups with which to conduct separate path analyses: those that scored at or above 60% on the Climate Change Knowledge assessment were placed in the high climate knowledge group (n = 185) and those that scored less than 60% were placed in the low climate knowledge group (n = 161). The above-described path analyses were then run separately for the high and low climate knowledge groups with regard to each of the three psychological distress variables. Specific bivariate relationships within the model were compared between the high and low climate knowledge groups using the R package cocor (Diedenhofen and Musch, 2015) to statistically compare pairs of correlations. In addition, climate knowledge, treated as a continuous variable, was tested as a possible moderator for each of the bivariate relationships within the model using Hayes Process macro (model 1; Hayes, 2018) in SPSS. A moderation effect was concluded based on a statistically significant interaction (p < 0.05) between the focal predictor variable and climate knowledge.




3. Results


3.1. Descriptives

Descriptive statistics are shown in Table 1. Several of the nature and climate variables differed as a function of gender and/or age. Females exhibited greater nature connectedness, more engagement in individual action, and higher anxiety scores; they also reported greater cognitive-emotional impairment related to climate change anxiety. Males scored significantly higher on the climate knowledge quiz. Age was associated with some of the climate-related variables: older participants reported greater climate knowledge and more engagement in both types of pro-environmental behaviors, as well as more anxiety (Table 2).



TABLE 1 Descriptive statistics (mean and standard deviation) and gender differences (results of unpaired t-tests).
[image: A table compares variables across a full sample, females, and males, with gender comparison statistics. Variables include nature connectedness, climate change anxiety, cognitive-emotional aspects, functional aspects, individual and collective action, climate knowledge, depression, anxiety, and stress. Each variable shows a mean with standard deviation in parentheses, and gender comparisons include t-values and p-values indicating statistical significance.]



TABLE 2 Bivariate correlations among study variables.
[image: Correlation table displaying relationships among eleven variables: age, nature connectedness, climate change anxiety, cognitive-emotional impact, functional impact, individual action, collective action, climate knowledge, depression, anxiety, and stress. Significant correlations are marked with asterisks: *p < 0.05 and **p < 0.001.]



3.2. Bivariate correlations

Bivariate correlations among the study’s continuous variables are shown in Table 2. The three psychological distress variables and climate change anxiety were all highly correlated with each other. Nature connectedness was positively associated with most climate-related variables, including climate change anxiety (r = 0.22, p < 0.001) and both of its scales (cognitive-emotional impairment: r = 0.24, p < 0.001; functional impairment: r = 0.15, p = 0.006), both types of climate action (individual: r = 34, p < 0.001; collective: r = 0.37, p < 0.001), and climate knowledge (r = 0.15, p = 0.006); it exhibited small but significant positive correlations with depression (r = 0.11, p = 0.047) and stress (r = 0.11, p = 0.034). Climate change anxiety was positively associated with both types of climate action, although the correlation was larger for collective action (r = 0.46, p < 0.001) than individual action (r = 0.13, p = 0.021).



3.3. Path analysis

Indices related to goodness of fit for the proposed path models are shown in Table 3; the models and their parameter estimates are visualized in Figures 1–3. For the overall sample, the model was an adequate fit for the data for each of the three psychological distress variables. The standardized parameter estimates (Figures 1–3) for specific relationships between variables within the path models aligned closely with the bivariate correlations described above (Table 2).



TABLE 3 Goodness-of-fit indices for path models.
[image: Table showing model fit indices for depression, anxiety, and stress based on knowledge levels. Columns include CFI, TLI, SRMR, and RMSEA. Depression: CFI and TLI range from 0.98 to 0.99 and 0.86 to 0.94, respectively. Anxiety: CFI ranges from 0.97 to 0.99, TLI from 0.79 to 0.92. Stress: CFI from 0.96 to 0.99, TLI from 0.74 to 0.93. SRMR values are 0.03 or 0.04; RMSEA ranges from 0.06 to 0.10.]

[image: Diagram showing relationships among five concepts: Nature Connectedness, Climate Anxiety, Collective Action, Individual Action, and Depression. Arrows indicate directional influences with coefficients: Nature Connectedness to Individual Action (.30), Climate Anxiety (.22), and Collective Action (.27); Climate Anxiety to Individual Action (.05), Depression (.41), and Collective Action (.40); Individual Action to Depression (-.16); and Collective Action to Depression (.17). Sub-coefficients are indicated in parentheses.]

FIGURE 1
 Path model for depression as outcome variable. Standardized parameter estimates are presented for the overall model and, in parentheses, for the low (left) and high (right) climate knowledge groups. **p < 0.001, *p < 0.05.


[image: Diagram illustrating relationships between nature connectedness, climate anxiety, and actions. Arrows show connections: nature connectedness influences climate anxiety, collective action, and individual action. Collective action impacts stress and climate anxiety. Individual action and climate anxiety affect stress, while climate anxiety influences individual action. Statistical significance is indicated with asterisks.]

FIGURE 2
 Path model for anxiety as outcome variable. Standardized parameter estimates are presented for the overall model and, in parentheses, for the low (left) and high (right) climate knowledge groups. **p < 0.001, *p < 0.05.


[image: Diagram illustrating relationships between five factors: Nature Connectedness, Climate Anxiety, Individual Action, Collective Action, and Anxiety. Arrows indicate the direction and strength of the relationships with standardized coefficients. Nature Connectedness influences Climate Anxiety (.22**), Individual Action (.30**), and Collective Action (.40**). Climate Anxiety affects Individual Action (.05) and Anxiety (.31**). Individual Action inversely correlates with Anxiety (-.15**). Collective Action has a positive impact on Anxiety (.23**). The values in brackets represent additional coefficients. Asterisks denote statistical significance levels.]

FIGURE 3
 Path model for stress as outcome variable. Standardized parameter estimates are presented for the overall model and, in parentheses, for the low (left) and high (right) climate knowledge groups. **p < 0.001, *p < 0.05.


When the path analyses were conducted again in sub-samples representing high and low climate knowledge, the degree to which the model fit the data varied between groups. In particular, the model was a better fit for the data in the high-knowledge group, as indicated by the indices of fit; in the low-knowledge groups, some of those indicators were outside the range thought to represent an adequate fit (Table 3). Although none of the bivariate correlations between variables were significantly different between the two groups, a few approached significance: the positive association between nature connectedness and climate change anxiety was higher in the high knowledge group (r = 0.33) than the low knowledge group (r = 0.15; Fisher’s z = −1.68, p = 0.092), and the positive association between collective action and anxiety was stronger in the low knowledge group (r = 0.39) compared to the high knowledge group (r = 0.20; Fisher’s z = 1.83, p = 0.067). Moderation analyses with climate knowledge treated as a continuous variable revealed that knowledge moderated the relationship between individual climate action and stress, such that there was a stronger negative association between them in those with low climate knowledge (Figure 4; Supplementary Table S1). Climate knowledge was not a statistically significant moderator for any of the other bivariate relationships contained within the path model.

[image: Line graph showing the relationship between individual action and stress across three knowledge levels: low, medium, and high. Stress decreases for high knowledge, remains constant for medium, and increases for low knowledge.]

FIGURE 4
 Graphical representation of the significant moderation effect of climate knowledge on the relationship between individual climate action and stress. The lines represent the association at low (−1 SD), medium, and high (+1 SD) levels of climate knowledge.


The path analyses described above were also conducted using each of the climate anxiety scale’s subscales, cognitive-emotional and functional impairment. For both the overall sample and the sub-samples representing high and low climate knowledge, the goodness of fit indices for the two subscales were very similar to each other and to the results using the full scale (Supplementary Tables S2, S3).




4. Discussion

Despite a markedly different climate context in terms of experiencing acute severe climate events, the results were very similar to those found by Curll et al. (2022) in the wake of severe bushfires. As in that case, the proposed path model was an adequate fit for the data, with small, positive associations between nature connectedness and psychological distress that, in our study, were significant in the cases of depression and stress but not anxiety. Similar to Curll et al. (2022), nature connectedness was positively associated with climate change anxiety, which was associated with psychological distress. Nature connectedness was positively associated with both individual and collective climate action. Further mirroring their findings, individual action was negatively associated with psychological distress whereas collective action was positively associated with it.

Thus, overall, the relationships seen here were much like those reported by Curll et al. (2022), despite the geographical difference and the absence of any acute event related to climate change. This supports the generalizability of their findings and highlights the global nature of climate change and its impacts. This is not surprising, given that anxiety and negative emotional responses related to climate change have been reported across a large number of different countries (Hickman et al., 2021; Ogunbode et al., 2022), as has a negative association between such climate-related anxiety and overall mental health (Ogunbode et al., 2022). Likewise, pro-environmental behavior has been positively linked to both climate anxiety (Ogunbode et al., 2022) and nature connectedness (Whitburn et al., 2020) in most countries in which those relationships have been tested. The alignment between the results of the present study and those of Curll et al. (2022) therefore fits with the widespread associations between many of the factors considered here and highlights the widespread impacts of climate change.

The path model that we tested was unique in its inclusion of climate change anxiety, an increasingly well understood construct in terms of its relationship to factors such as pro-environmental behavior (Innocenti et al., 2021) and the impacts of climate change upon mental health (Reyes et al., 2021). Scores on the Climate Change Anxiety Scale (mean for the full scale = 1.94) indicate relatively low levels of climate change anxiety that fall within the range of scores reported elsewhere, which vary widely from 1.25 in a United Kingdom sample (Whitmarsh et al., 2022) to over 2.50 in in an Indian sample (Tam et al., 2023). The scores here were higher than in other North American samples (Clayton and Karazsia, 2020; Schwartz et al., 2022), even immediately following serious heat waves (Bratu et al., 2022). Considering that several studies report that climate change anxiety is higher in young people (Clayton and Karazsia, 2020; Larionow et al., 2022; Whitmarsh et al., 2022), the high scores seen here may be due to our predominantly young sample (81% of participants were under 30 years of age). The restricted range of ages in the present study’s sample also explains the absence of an association between climate change anxiety and age, as documented by the above-mentioned studies.

Reported levels of climate change anxiety in the present study were lower than those of climate worry reported by Curll et al.’s (2022) sample, a difference that aligns with research that directly compares the two (Whitmarsh et al., 2022). A lower prevalence of climate change anxiety compared to mere worry was expected since climate change anxiety involves a more substantial impact on one’s daily functioning, similar to the difference between worrying in general compared to having an anxiety disorder (Clayton and Karazsia, 2020). While the proposed model was an adequate fit to the data overall, there were some noteworthy differences compared to Curll et al.’s (2022) results that are attributable to the above-described difference between climate worry and climate change anxiety. For example, the association of psychological distress with climate change anxiety here was much stronger than its association with climate worry in that study.

Interestingly, the relationship between pro-environmental behavior and climate change anxiety was similar to that seen by Curll et al. (2022) using climate worry, but only in regard to collective action. In the case of individual action, the association with climate change anxiety seen here was much weaker. Positive affect predicts the kinds of behaviors that comprise individual action (Coelho et al., 2017), such that the presence of climate change anxiety, with its substantial negative impact and association with broader psychological distress, is less likely to induce individual action. In contrast, collective climate action has most often been linked to negative emotions (Mallett, 2012; Harth et al., 2013), which aligns with the comparatively strong link with climate change anxiety seen here.

There are many other factors that are likely to influence the relationships examined here; for example, others have demonstrated links between personality traits and engagement in pro-environmental behavior (Brick and Lewis, 2016; Ucar et al., 2023). Here, we assessed whether the observed relationships were influenced by knowledge about climate change. Among those who scored highly (above 60%) on the questionnaire measuring climate knowledge, the proposed path model was an adequate fit for the data. In contrast, the model was a less good fit among those exhibiting low climate knowledge, with indices closer to and in some cases below the values indicating adequate fit. This finding suggests that climate knowledge influences the relationships among the variables included in the model. Given that climate knowledge was not a significant moderator for most of the bivariate relationships within the model, its impact may be dispersed across several relationships contained therein. Future work is needed to fully understand how such relationships differ in relation to climate knowledge.

Nonetheless, there were a few specific relationships within the model for which the difference between high and low climate knowledge approached significance. One was the association between nature connectedness and climate change anxiety, which was stronger among those with high climate knowledge. Moser (2007) argued that some people exhibit apathy or engage in willful repression in order to avoid negative emotions related to climate change. This aligns with the negative association between climate/environment knowledge and climate change anxiety seen both here and in a recent study by Zacher and Rudolph (2023), as well as the association between information seeking and climate change anxiety reported by Whitmarsh et al. (2022). Thus, it may be that, through a lack of such knowledge, some can enjoy their connection to nature in a way in a way that is not spoiled by global issues related to climate and environment.

One of Curll et al.’s (2022) most striking findings was that individual climate action was associated with less psychological distress, whereas collective action was associated with more. This difference, replicated in the present study, corresponds with the findings of a recent meta-analysis that found individual climate actions to be more strongly associated with subjective well-being than collective action (Zawadzki et al., 2020). A recent study by Capstick et al. (2022) found that collective action was associated more strongly with well-being in collectivistic cultures than in individualistic cultures of the type studied here and by Curll et al. (2022). These differences, like those related to climate change anxiety discussed above, may relate in part to the negative emotions (e.g., guilt and anger) associated with engagement in climate action (Van Zomeren et al., 2008; Harth et al., 2013), whereas individual action has been linked to positive emotions such as a greater sense of meaning in life (Jia et al., 2021).

The associations between collective action and psychological distress were stronger among those with low climate knowledge for all three outcome variables, bordering on significance in the case of anxiety. This may reflect differences in the motivations behind individuals’ engagement in collective climate action, a possibility worth addressing in follow-up studies. Considering the potential to target knowledge about climate change as a modifiable factor for boosting pro-environmental behavior, future work should expand upon the present findings to better understand its role.

There were some limitations to the present study. The sample was mostly young people and primarily female, which limits the generalizability of the present findings. The total sample was acquired via two different sample methods (undergraduate student population and general public), creating an age distribution that was mostly young people yet also had featured many people in their 30s and 40s, and beyond; it is possible that this heterogeneity influenced or obscured some relationships. The overall sample size was sufficient for the overall path analysis, it may have restricted our ability to detect more specific differences. This is especially true regarding the role of climate change knowledge, where future work is required to better understand its influence on the link between nature connectedness and climate change anxiety, among other associations. Thus, follow-up work would benefit from acquiring larger sample sizes through singular sampling methods.

While the study was conducted in a geographical location where experiences with acute severe climate events have been very rare, it is nonetheless possible that participants varied in their personal experiences in this regard. Thus, future studies should screen for or measure participants’ individual experiences with climate events. This is especially true in the eastern Canadian region studied here, where some unprecedented weather events occurred in the summer immediately following data collection. Lastly, not measuring climate worry alongside climate change anxiety prevented us from directly comparing how these two related constructs were related to the other factors measured. Future studies exploring such relationships would benefit from including both.



5. Conclusion

The present study contributes to our understanding of individuals’ mental health in the context of climate change and their responses to it, exploring the relationships among nature connectedness, climate change knowledge, mental health, and pro-environmental behavior. In replicating the findings of a similar study that was conducted in the wake of severe climate events (Curll et al., 2022), but in a population that has not been impacted in that manner, the present studies suggest that the relationships among these constructs do not depend on context (i.e., the degree to which people have been directly affected by acute climate events) and may be global in nature. This aligns with previous research suggesting global impacts (Hickman et al., 2021) and highlights the need for attention to the mental health effects of climate change everywhere and not just in the wake of acute crises.

The results have some important practical implications in terms of potential engagement of individuals in responding to climate change. The positive association between nature connectedness and both individual and collective climate action raises the possibility that pro-environmental behaviors could be increased through enhancement of nature connectedness. While many studies have shown that brief interventions, often involving some combination of exposure to natural environments and mindfulness trainings, enhance nature connectedness, there is a relative lack of information on how long those increases last and how to induce lasting changes (for review, see Sheffield et al., 2022). At the same time, nature connectedness was associated with climate anxiety and, in turn, higher levels of psychological distress. Thus, any efforts to enhance nature connectedness as a tool for increasing climate action must also take into consideration the potential negative mental health effects. While further work is needed to fully understand the role of climate knowledge within these relationships, some of the present findings (e.g., the stronger link between nature connectedness and climate change anxiety among those with high climate knowledge), further highlight the need to consider possible interventions such as education and enhancement of natural connectedness in a broad scope that considers mental health impacts.
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Background: The environmental action scale is used to measure the degree of participation in collective environmental actions and has been shown to have adequate psychometric properties in developed countries. However, there are still no studies that have evaluated its performance in the Peruvian population.
Methods: In this instrumental study, the environmental action scale (EAS) was translated, adapted, and validated. The EAS was administered to 352 university students between 18 and 35 years of age (Mage = 23.37, SD = 2.57) from different cities in Peru. A validity analysis was performed using two sources of evidence: content validity and internal structure, carrying out an exploratory factor analysis (EFA) and a confirmatory factor analysis (CFA).
Results: The structure of the scale has been organized into three oblique factors. The findings confirmed the reliability and validity of the three dimensions of the EAS.
Conclusion: Therefore, this scale is considered a valid option for assessing environmental action.
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Introduction

Despite the growing concern about the deterioration of the environment and biodiversity, as well as for the negative effects of human actions on various species and their ecosystems, this issue has not yet been given due importance in the policies of many countries (Carmona et al., 2023). On the other hand, although several groups or movements have emerged in recent decades to advocate for environmental protection and conservation (Mostafavi et al., 2022), it has not yet been possible to create a generalized awareness of the importance of changing life habits to reduce environmental impact (Muhammad et al., 2020). Therefore, the environmental impact of human activity has led the planet to its sixth mass extinction of species (Bermúdez-Tamayo et al., 2023). However, during 2020, in response to the appearance of SARS-Cov-2, the governments of different countries implemented social immobilization measures that lasted for several months (WHO, 2020). These measures had a significant effect on reducing pollution globally (Muhammad et al., 2020) which demonstrated that large-scale community action can bring about positive environmental change (Pérez-Vásquez and Arroyo-Tirado, 2022).

According to the United Nations (UN, 2018), the unregulated exploitation of natural resources has been one of the main causes of armed conflicts that have occurred worldwide since the 1960s, this has resulted in the extinction of some resources and the degradation of the environment, which, in turn, affects people’s well-being (Razo, 2021). Because human beings depend on the environment for their daily actions, these can aggravate environmental problems, since sometimes ecosystems are destroyed to satisfy survival needs, which can lead to environmental degradation (Majeed and Ozturk, 2020; Sahani et al., 2022). In fact, the increase in global temperature over the last decade is a direct consequence of ecosystem degradation (Weiskopf et al., 2020). Consequently, the climatic impact could be irreversible and generate global consequences, such as sea level rise, greenhouse effect, melting of the poles, among others (Kim et al., 2014; Razo, 2021; Rocque et al., 2021). According to estimates, over the next two decades, it is expected that the environment will suffer serious consequences due to a significant increase in temperature (UN, 2020). This increase is due to the high emission of harmful substances that cause irreparable damage to the atmosphere. Consequently, new diseases and genetic changes may appear in humans as well as in other species (Kim et al., 2014; Rocque et al., 2021).

At the national level, it has been observed that climate change has had a negative impact on the ecosystems of the Peruvian Amazon region. This is due to informal mining activity that has caused high levels of water contamination with mercury (MINAM, 2020). This situation has generated environmental problems that have affected the health and social well-being of the population (Schmeller et al., 2020). In addition to water contamination, the Ministry of Environment has reported that, during the pandemic restrictive measures, illegal deforestation of 7,119 hectares of Amazon rainforest has been recorded, which represents a worrying environmental situation (MINAM, 2020). It is fundamental to consider that Peru has a wide diversity in terms of climate, topography, and ecosystems, covering from the arid coast to the dense Amazon jungle and the Andes mountains (Peña et al., 2021).

Therefore, it is crucial to have scientific theories that explain people’s distant behavior towards the ecosystem. Additionally, validated measurement instruments are necessary to assess the level of environmental awareness in the Peruvian context and understand the magnitude of the phenomenon. In fact, there are currently instruments that assess the level of environmental actions, such as the Delaware Environmental Consciousness Scale (ECA_FMEP) (Laso et al., 2019a). This instrument addresses the measurement of environmental consciousness in specific contexts of initial education. Similarly, the Environmental Values Scale (2-MEV) (Bogner, 2018) focuses on secondary school students, as the author seeks to obtain an adolescent perspective. It has been proposed that adolescents have a more optimistic view of the world.

While these scales evaluate individuals’ willingness to prioritize environmental protection at an individual level, they do not specifically consider collective action. Therefore, there was a need to adapt the EAS scale to the national context since there is a lack of psychometric adaptation studies on this variable in Peru, which is aimed at a general audience (CONCYTEC, 2021). The scale analyzes the commitment to civic actions aimed at producing an environmental impact, based on its three dimensions: Environmental Citizenship Action, Environmental Education, and Environmental Activism. In this sense, the adaptation of the EAS scale will allow for a more comprehensive and precise assessment of individuals’ commitment to activities that promote environmental protection and conservation.

In fact, measuring levels of environmental consciousness from a psychological perspective will help us understand the psychological processes that influence how people interact with the environment, as well as their perception of the severity of environmental issues and the personal values that influence such behaviors (Laso et al., 2019a; Garrido et al., 2022). By understanding these factors, we can gain a clearer perspective on the population’s level of commitment towards ecosystem conservation. It is important to highlight that the scale promotes civic action and the extrinsic knowledge acquired through society in which the individual develops. This generates an interest in preserving the environment, leading to more responsible behaviors and an activist attitude towards environmental care. This, in turn, will enable the development and implementation of strategies that foster environmental awareness and protection, promoting sustainable behaviors in the long term (Pérez and Medrano, 2010).

In a study conducted by Carmona-Moya et al. (2019) on a Spanish sample, through the analysis of the internal structure of the Academic Behavior Self-Efficacy Scale (EACA), it was demonstrated that the assessment is consistent with two aspects of the construct: “Participatory Activities” and “Leadership.” Additionally, it was found that this assessment is related to factors such as “Environmental Identity” and “Moral Beliefs.”

Similarly, Laso et al. (2019a) designed and validated a scale to measure environmental consciousness in a sample from Spain. The scale consists of four dimensions (affective, cognitive, conative, and active) that assess environmental consciousness in specific contexts. The results of the confirmatory factor analysis supported the adequate validity of the instrument. The Environmental Action Scale (EAS) designed by Alisat and Riemer (2015) aims to measure collective consciousness and the values associated with preserving a healthy ecosystem. This scale is based on the theory of significant environmental behavior proposed by Stern (2000). According to this theory, intense and highly committed activist behaviors in the public sphere are referred to as leadership actions, while less committed activist behaviors indicate little interest in environmental protection and care. Consequently, it is recommended to promote commitments that benefit the environment from the communities involved. This measure aligns with the importance of promoting collective change and strengthening citizen commitment to environmental protection, as proposed in Stern’s theory of significant environmental behavior (Stern, 2000).

Based on the above, the objective of this research was to translate, adapt, and validate the EAS scale in the Peruvian context, evaluating its content-based validity, internal structure, and reliability through internal consistency, as well as to evaluate whether the model is equivalent according to sex.



Materials and methods


Participants

A total of 378 Peruvian university students were evaluated, of which 26 records were eliminated because they did not meet the established minimum age (≥18 years), leaving a total of 352 evaluated for the corresponding analysis. Consequently, the characteristics of the final sample are as follows: university students aged between 18 and 35 (Mage = 23.37, SD = 2.571), of whom 38% were male and 62% female. The sample included participants from various cities in Peru, with Piura being the most represented city (62%), followed by Chiclayo (7%), Lima (7%), Tumbes (6%), and other cities (18%) (Table 1).



TABLE 1 Demographic description of participants (n = 352).
[image: Table showing demographic data categorized by gender, age, and cities. For gender, females represent 62% with a frequency of 217, and males represent 38% with a frequency of 135. Age ranges from 18-20 at 28% to 31-35 at 6%. Key cities include Piura with 62%, Chiclayo and Lima each at 7%. Other cities contribute lower percentages.]



Instruments

The Environmental Action Scale (EAS) (Alisat and Riemer, 2015) consists of 18 items with responses scored on a range from never (0), indicating that the evaluated action or attitude never occurs, to always (4), indicating that it occurs on all relevant occasions. Additionally, the instrument comprises three dimensions: (1) “Environmental Citizen Action,” which refers to the individual and collective actions that people take in their daily lives to contribute to the protection and conservation of the environment, (2) “Environmental Education,” which focuses on individuals’ knowledge and environmental awareness, evaluating their understanding of environmental issues and their willingness to learn and disseminate information related to the environment, and (3) “Environmental Activism,” which refers to active participation in movements and collective actions aimed at promoting environmental changes and policies. This can include involvement in awareness campaigns, conservation activities, and the promotion of sustainable policies. The instrument demonstrates high reliability values, with α = 0.92 and total item agreement ranging from 0.43 to 0.80.



Procedure

The project was approved by a Research Ethics Committee (Registration Code: N°DR-0023-P-22), and authorization was obtained to adapt the EAS scale to the Peruvian context. The information was collected through a virtual form designed by the researchers using Google Forms and disseminated through social networks and emails. The form included the research objectives, electronic informed consent, confidentiality of the results and anonymity of the participants, as well as sociodemographic data. Informed consent was obtained from all participants. The data were collected between August 20th and September 20th, 2022, and subsequently, statistical analysis was conducted.



Statistical analysis

After administering the EAS, we proceeded to systematize the data in Microsoft Excel version 2016 for validation. Subsequently, we imported the data into the statistical software SPSS v26, where we conducted a series of analyzes aimed at verifying assumptions related to data normality. Firstly, we examined univariate normality assumptions based on indicators such as skewness and kurtosis, which were expected to fall within the range of ±1.5 (Pérez and Medrano, 2010). Furthermore, we calculated Z-score values for each item and considered items with values outside the ±3.0 threshold as outliers (Tabachnick and Fidell, 2019). To detect multivariate outliers, we employed the Mahalanobis distance and considered a value as an outlier if it showed a significance level in the chi-square test of less than 0.001 (Mahalanobis, 2019).

Additionally, we calculated the Mardia’s coefficient of kurtosis (Mardia, 1970) to assess multivariate normality, aiming for a critical ratio equal to or less than 5.0 (Yuan et al., 2005). These analyzes were conducted with the purpose of ensuring data validity and facilitating the precise selection of the most suitable estimator. In situations where the assumption of a multivariate normal distribution was not met, we chose to use the weighted least squares means and variance-adjusted (WLSMV) estimator (Muthén, 1984; Muthén et al., 1997). Conversely, in cases where the data’s ordinal nature prevailed, we applied the maximum likelihood (ML) estimator.

To evaluate the internal structure, we performed a confirmatory factor analysis (CFA) using R Studio software, particularly the Lavaan package (Rosseel, 2012). Furthermore, we considered factor loadings equal to or greater than 0.40 as adequate (Brown, 2015).

Regarding fit indices, we deemed X2/df ratio values acceptable when they fell between 2 and 3, with a maximum value of 5, as established in previous research (Iacobucci, 2010; Escobedo et al., 2016). Similarly, we considered it appropriate for the CFI and TLI parameters to exceed 0.95, as proposed in previous studies (Hu and Bentler, 2009), and for the SRMR and RMSEA values to be equal to or less than 0.05, which is considered acceptable (Browne and Cudeck, 1992). Since the CFA results did not meet the recommended fit criteria and with the aim of finding theoretical correspondence and identifying new factors, we decided to conduct an Exploratory Factor Analysis (EFA). To assess the instrument’s reliability from a dimensional perspective, we calculated alpha (α) and omega (ω) coefficients, considering values equal to or greater than 0.70 as appropriate, following previous recommendations (Campo-Arias and Oviedo, 2008).

To assess whether the EAS is comparable according to gender, a step-by-step analysis of each model was carried out, applying constraints in succession. It started with the configural constraint, followed by the Threshold, metric, scalar and, finally, the strict constraint. This process was performed using a multigroup CFA (Chen, 2007; Byrne, 2008). For this purpose, the following guidelines were considered: ΔCFI ≤0.01 and ΔRMSEA ≤0.015. These criteria facilitated the evaluation of the parameters derived from each of the constraints imposed in the model (Cheung and Rensvold, 2002).




Results


Translation and adaptation of the EAS

After completing the translation of the EAS, a linguistic adaptation was carried out by six psychologists specialized in Environmental Psychology, where they suggested providing more details and explanations in items 5, 6, 12, 13, 14, 15, 16, and 17 for a better understanding and clarity. Following this, the results were analyzed using Aiken’s V coefficient, where the results were between 0.78 and 1.00. as appropriate (Charter, 2003; Pérez and Medrano, 2010; Ledesma et al., 2019). Linguistic adaptation of the Environmental Action Scale (EAS) can be found in Supplementary Table S1.



Verification of typical scores

After justifying the validity of the content with experts and systematizing all information, we started the statistical analysis. In addition, the skewness and kurtosis coefficients were obtained for each of the items, the results showed that item 2 presented the minimum value of skewness (−0.262), while item 12 presented the maximum value (1.823). Regarding kurtosis, item 3 presents the minimum value (−1.213) and item 12 the maximum value (2.41), which indicates that the values of the latter item are above the recommended value ±1.5 (Pérez and Medrano, 2010). Continuing with the univariate normality analysis, it was also evaluated through the calculation of Z-scores for each item, the results allowed describing that most of the items scored within the expected range of ±3.0 except for items 2, 4, 7, and 13, since the values will be obtained outside the established range (Kapoor, 2016). These results provide additional information to the analysis of skewness and kurtosis, complementing with the verification that the data do not follow a univariate distribution in all cases (all 18 items), putting an early warning to be more careful on these items when evaluating the internal structure by means of the CFA. Furthermore, Mardia’s coefficient criteria were used to obtain multivariate normality values (as an appropriate value G2 ≤ 5.0), which indicated that the data do not follow a multivariate distribution (G2 = 17.852). Therefore, the robust method (WLSMV) was used to obtain the adjustment parameters using the CFA. In addition, because the data are ordinal and do not have a proper multivariate normal distribution, the use of the robust estimator is justified.



Confirmatory factor analysis

The model was analyzed by calculating the goodness-of-fit measures, according to the original model (M1, see Table 2), in which the following values were obtained: X^2/df = 6.278, CFI = 0.917, TLI = 0.906, and SRMR = 0.083, RMSEA = 0.123. Consequently, these parameters are not acceptable for X^2/df (< 5.0) (Wheaton et al., 1977). Likewise, the SRMR and RMSEA parameters obtained values outside the acceptable ranges; however, the fit indices such as CFI and TLI were greater than 0.90, considered acceptable, but not optimal. Consequently, the empirical model would not be fitting the hypothetical model. Additionally, the interfactor correlation was quite high (φ = 0.90), whose interpretation allows us to suggest that the factors would have a redundant (collinear) behavior, i.e., it would not be completely clear that the construct “Environmental action” has two dimensions, but rather a unidimensional behavior. In this sense, it was necessary to evaluate a second model (M2, see Table 2) to explain whether the construct could be plotted in a unidimensional way, while the fit index parameters obtained from the unifactorial model did not support the unidimensional proposal either, because the fit indexes were not appropriate (X^2/df = 6.04, CFI = 0.805, TLI = 0.779 and SRMR = 0.072, RMSEA = 0.120). Consequently, the evaluation of the internal structure through the CFA of “Environmental Action” in this sample of Peruvian university students was not satisfactorily evaluated under an oblique model or in a unidimensional manner. Moreover, the index modification (IM) parameters were numerous (more than 100 IM) for each model evaluated. Therefore, the psychometric recommendation suggests that the factorial structure be evaluated using the EFA technique, to identify the new structural configuration of the construct.



TABLE 2 Fit index of the proposed models using CFA.
[image: Table comparing two models, M1 and M2, with values for various fit indices: Chi-square, degrees of freedom, Chi-square/df ratio, Comparative Fit Index, Tucker Lewis Index, Standardized Root Mean Square Residual, and Root Mean Square Error of Approximation with 90 percent confidence interval. M1 generally has higher fit indices compared to M2.]



Exploratory factor analysis

Indeed, after evaluating two structural models with unreliable estimates, it was considered necessary to explore the construct by means of the EFA technique, to identify new possible factors that could conglomerate the items to support the new conformation of the construct. In this sense and under the psychometric recommendations (as the number of index modifications was higher than 100 and the evaluation of the fit indexes of the previous models were not as expected), we proceeded to evaluate. The results were quite promising, where the sample adequacy through the KMO was greater than 0.80 (KMO =. 935) considered as good, the Bartlett’s Sphericity parameters allow to describe that the correlation matrix an image (χ2 = 3,562 df = 153, p < 0.001); Consequently, these parameters justified the correct execution of the exploratory factorial technique (see Table 3 and Figure 1). As for the factor loadings of the EFA, for each factor identified, they were above the recommended threshold (λ ≥ 0.30) and the values of communality and interfactor correlations were quite appropriate (h2 ≥ 0.40; see Table 3).



TABLE 3 Factor loadings EFA.
[image: Table displaying factor loadings for items related to environmental citizen action, environmental education, and environmental activism, with h² values. Items with bold italics have acceptable factor loadings. The table includes percentage variance, cumulative percentage, Bartlett's Test of Sphericity, and KMO value.]

[image: Flowchart showing three main nodes labeled F1, F2, and F3 connected by green arrows to nodes labeled a1 through a18. F1, F2, and F3 are connected to each other, with varying arrow thickness indicating different relationships.]

FIGURE 1
 Graphical representation of the EFA. F1: Environmental citizen action, F2: Environmental education, F3: Environmental activism. The green arrow indicates positive association, while the red arrows indicate negative association. The green arrows with greater thickness indicate that the association between the factor and the items is of greater magnitude (factorial loading), the figure obtained with the JASP Teem software.


After the evaluation of the construct by means of the EFA, the percentage of variance obtained is as follows: The proportion of variance explained by the first factor (named “Environmental citizen action,” after the syntactic analysis of each of the items) composed of items 6, 7, 8, 9, 10, 11, 12, and 13 explained 21.34% of the total variance of the construct. The second factor whose items are 1, 2, 3, 4, and 5 (called “Environmental education”) explains up to 17.72% of variance and the third factor whose items are 14, 15, 16, 17, and 18 (called “Environmental activism”) explains up to 16.24% of variance. In summary, the total variance explained on the construct by the EAS is up to 55.29%. That is, these described parameters allow us to justify that the environmental action construct, measured through the EAS, meets the evidence of validity based on the internal structure by means of the EFA (see Table 3).



Reliability of the EAS

After that, the reliability was evaluated by internal consistency analysis using the Alpha and Omega coefficients. This analysis was performed for each of the dimensions of the environmental action scale, obtaining appropriate values for the dimensions “Environmental Citizen Action” (ω = 88 and α = 0.88), “Environmental Education” (ω = 0.83 and α = 0.82), and “Environmental Activism” (ω = 0.87 and α = 0.87) (Table 4). In summary, these parameters allow us to justify that the EAS, evaluating by its internal structure using the EFA, presents good internal consistency (α > 0.70), justifying the reliability of the instrument.



TABLE 4 Internal consistency reliability statistics.
[image: Table showing survey results for environmental topics: citizen action, education, and activism. Each category lists items with mean (M), standard deviation (SD), and total corrected item ratio (r_itc). Reliability coefficients (alpha and omega) are provided for each category. Citizen action (alpha 0.882, omega 0.887), education (alpha 0.822, omega 0.830), and activism (alpha 0.876, omega 0.877) show varying item statistics.]

Measurement invariance analysis was carried out with the purpose of determining whether the structure and parameters of a measurement scale are consistent between different groups. In the context of this study, the comparison focused on discerning these equivalences between men and women. The results presented in Table 5 show the parameters derived from each constraint imposed: configural, Threshold, metric, scalar and strict, in that specific order. The information obtained indicates that the structure of the model is equivalent between genders. The differences detected for each constraint and in each fit index turned out to be statistically non-significant (Δ < 0.01), according to Cheung and Rensvold (2002). This suggests that it is feasible to compare the characteristics of environmental behavior among university students, taking gender into account.



TABLE 5 Measurement invariance analysis of the EAS scale according to sex.
[image: Table displaying model fit statistics for different restrictions: Configural, Threshold, Metric, Scalar, and Strict. Columns include Chi-square, Chi-square difference, degrees of freedom, parameter difference, RMSEA, RMSEA difference, CFI, CFI difference, TLI, and TLI difference. Each restriction shows varied statistical values.]




Discussion

Environmental degradation and its impact on climate change may be one of the most significant concerns for humanity. For this reason, world leaders, businesses, and citizens gather each year at the Conference of the Parties (COP), organized by the United Nations Environment Agency (UN), to address this critical issue. The fundamental objective of the COP is to continue exploring recent advances in climate science, which will allow us to understand the phenomenon and its implications that have been generating global concern. In this sense, from the perspective of environmental psychology, the diverse behavioral implications of people and their close relationship with the environment have been investigated. Consequently, there is an evident need to understand the levels of environmental awareness using various instruments that can measure this variable from an environmental psychological perspective, which focuses on understanding the psychological processes that influence the way in which people interact with the environment, in addition to the perception of the seriousness of environmental problems and the personal values that influence these behaviors (Laso et al., 2019b; Garrido et al., 2022). When these factors are assessed using a measurement tool, a more accurate understanding of the population’s level of awareness of environmental care can be obtained (Wheaton et al., 1977). Therefore, strategies can be developed and implemented to foster environmental awareness and protection of the environment collectively, promoting long-term sustainable behaviors (Pérez-Vásquez and Arroyo-Tirado, 2022).

Consequently, the objective of this research was to adapt and validate the EAS in a sample of Peruvian university students. For this purpose, it is necessary to employ factorial techniques that can clarify the nature of the variable in the national context and its subsequent use. The internal structure of the EAS was successfully adapted and validated through the EFA; in addition, its reliability was determined by means of internal consistency in the study sample.

The results of the evaluation of the original two-factor model (“Participatory actions” and “Leadership actions”), proposed by Alisat and Riemer (2015), were not the most appropriate because the obtained values of the fit indices prevented corroborating the proximity of the empirical matrix to the hypothesized matrix, despite the fact that the values of the factor loadings were appropriate (λ ≥ 0.50). This controversy is probably due to aspects of the culture and idiosyncrasy of individuals who belong to each geographical context, because the perception and interpretation of the environmental phenomenon is influenced by the social and cultural factors of each region. Therefore, it is necessary to adapt this instrument, considering several factors or variables that could condition the understanding and comprehension of each of the items (Muñiz et al., 2013).

Consequently, the description of the parameters obtained from the two-factor oblique model [M1, proposed by Alisat and Riemer (2015)] and evaluated by Carmona-Moya et al. (2019) were inconclusive [interfactor correlation ≥0.85 (collinearity between factors) and fit indices with values below or above the established threshold], i.e., the construct would not be manifesting itself through two dimensions (“Participatory actions” and “Leadership actions”), but in a unidimensional way. Then, considering these observations, we proceeded to evaluate the internal structure of the “Environmental action” model for the second time in a unifactorial manner, obtaining unsatisfactory results, since the adjustment parameters also failed to justify that the construct is verified in a unidimensional manner. In addition to this, several MI greater than 100 possibilities was observed; this result allowed inferring that the structure of the EAS must necessarily be reviewed unsings an exploratory approach to identify new factors that would be grouping the items under a structure different from the one proposed by Alisat and Riemer (2015). Therefore, the internal structure was evaluated using the EFA.

The results of this new analysis using the EFA were the most appropriate in comparison to the results obtained using the CFA, showing that the construct is being represented by these three factors: “Environmental Citizen Action (ECA),” “Environmental Education (EE),” and “Environmental Activism (EA).” The naming of each factor followed a syntactic analysis of each of the items clustered in a specific factor to be renamed, for example: item 10 of the ECA dimension (“Participé en una protesta o manifestación sobre un tema medioambiental” / “I took part in a protest/rally about an environmental issue”), item 2 of dimension EE (“Participé en una actividad educativa (e.g., un taller) relacionado con el medio ambiente”/ Participated in an educational event (e.g., workshop) related to the environment”), and item 16 of the EA dimension (“Organicé una actividad comunitaria (por ejemplo: limpieza de las calles, parques, ríos, canales, playas, entre otros)” / “Organized a community event which focused on environmental awareness”). Regarding the reliability of the EAS scale, specifically the three-factor oblique model, the values obtained allow us to affirm that the instrument has satisfactory parameters (alpha and omega coefficients), which suggests that the precision and accuracy with which the instrument captures the information is justified.

Additionally, the assessment of measurement invariance with respect to gender in this study is noteworthy. The derived parameters indicate that the model is invariant between genders, which facilitates the analysis of possible differences in the levels of environmental action among Peruvian university students according to their sex. It is relevant to mention that previous research did not present evidence of invariance analysis, which makes this finding a valuable contribution for future work in the area.


Limitations

The results obtained from this research should be interpreted considering some limitations. Firstly, the measurement invariance, which is essential for comparing groups and determining if the interpretation of the phenomenon differs, such as based on gender, has not been assessed. Additionally, it is important to evaluate longitudinal invariance to ensure the stability of the instrument over time when implementing intervention programs (Brown, 2015). Secondly, the sample size was determined based on participant availability and characteristics, using non-probability sampling. However, this could pose a risk to the external validity of the study, as the standardization of the sample to the population is a crucial objective in quantitative research (Ato et al., 2013). For future research, it is recommended to increase the sample size to reduce error variability. Thirdly, it is relevant to note that the lack of convergent validity limits the interpretation and generalizability of the results. Therefore, it is advisable to include additional measures that allow evaluating the relationship between the variables of interest and other related variables within the study’s context. This inclusion will strengthen the validity of the findings and provide a more comprehensive understanding of the phenomena studied in different situations. Lastly, the evaluation of item stability using the test–retest method has not been conducted, which could enhance the reliability of the EAS scale. Hence, it is suggested that future research includes this as a research objective.




Conclusion

It can be concluded that the EAS scale has adequate psychometric properties that support the interpretations made. Therefore, this scale is considered a valid option for use in research in the field of environmental psychology. The use of the EAS scale in research in the field of environmental psychology can provide significant information about people’s attitudes toward the environment. This is important for understanding how attitudes influence behaviors and decisions related to the environment. However, it is important to keep in mind that the conclusions are based on the specific findings of this study and further research and validation in different contexts and populations is needed to confirm the robustness and generalizability of the results.
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Recent studies find that people in high-income countries now think of climate change impacts, such as flooding or periods of high temperature, as being of immediate relevance and concern. Individuals and households can take adaptation actions to help limit the severity of harm caused when climate impacts occur, for example, they could make adjustments to their homes such as installing flood gates or sun shades, or they could adapt their behavior such as staying indoors during the hottest part of the day. However, so far adaptation is not yet happening at the speed or scale needed to adequately prepare for the climate impacts already being experienced or those projected for the coming decades. Here, we propose an agenda for future social science research that would further our understanding of how best to increase engagement and action in climate change adaptation.
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Introduction

Until recently surveys in high-income countries tended to find that people thought of climate risks as mainly a concern for other parts of the world and for future generations (Leiserowitz, 2006; Lorenzoni and Pidgeon, 2006). However, in the last several years there has been a shift, with people increasingly reporting that they think climate change risks are ‘here and now’, that they are worried about them, and that they think comprehensive and immediate action needs to be taken (e.g., IPSOS, 2020; Steentjes et al., 2020; UNDP and University of Oxford, 2021; Lloyd’s Register Foundation and Gallup, 2022). The likelihood and severity of harm caused by climate impacts can be, in part, ameliorated by climate change adaptation actions, such as building sea walls to reduce the likelihood of storm surges causing flooding and adding water resistant features to buildings to reduce the severity of the damage if they are breached by flood water. And yet a recent global stocktake found that so far adaptation efforts are “largely fragmented, local and incremental with… negligible evidence of risk reduction outcomes” (Berrang-Ford et al., 2021, p.989). That people in high-income countries now see climate risks as personally relevant and serious might be the catalyst needed to greatly accelerate and expand adaptation action. Below, we outline a research agenda to support that ambition. We recognize the topic is vast and all possible avenues cannot be captured in this short Review; we therefore focus on areas in which we have greatest collective expertise, namely public perceptions, communications and engagement.



Research topic 1: How are people’s perceptions of climate risks changing?

While, as summarized above, there has been notable agreement regarding perceptions of climate risks in recent surveys, the context in which people’s opinions are formed is constantly changing. As such, understanding of public perceptions of climate risks needs to be kept up-to-date. In many parts of the world 2022 was an exceptional year for extreme weather, including the European heatwaves from June to September, Hurricane Ian causing extensive damage to parts of the Caribbean and East Coast USA, and the devastating Pakistani floods. So far in 2023 much of the northern hemisphere has experienced further record-breaking heatwaves and wildfires while parts of Asia and the USA have had serious flooding. Research could examine whether these ongoing severe weather events increase climate change concerns, or whether the ‘shifting baselines syndrome’ applies to experience of extreme weather events, as has been found with other environmental concerns, such as falling numbers of wildlife (Soga and Gaston, 2018). As some events, such as summer heatwaves in traditionally cooler climates, become more frequent they might come to be seen as ‘normal’ therefore reducing people’s perception of them as a risk that requires action. In recent years, populations have also experienced the continuation of the Covid-19 pandemic, the outbreak of a land war in Europe, and a cost-of-living crisis. Research could also provide understanding on whether some events have more influence on perceptions of climate risks than others. While a majority of people around the world are reporting concerns about climate change, only 3% mentioned climate change or severe weather among their top concerns (Lloyd’s Register Foundation and Gallup, 2022). Additionally, studies found that while the Covid-19 pandemic did not lessen people’s climate concerns (e.g., UNDP and University of Oxford, 2021; Lloyd’s Register Foundation and Gallup, 2022), the 2007–2009 Great Recession did (Scruggs and Benegal, 2012; Shum, 2012). With this in mind, research should test whether highlighting the links between climate change and other risks of concern affect willingness to implement climate change adaptation. Such insights can ensure that those tasked with engaging people on managing climate risks are aware of the wider context of people’s perceptions and can tailor their outputs accordingly.



Research topic 2: How do people perceive climate change adaptation?

Despite the urgent need for governments to significantly accelerate their nation’s preparedness for climate impacts (Berrang-Ford et al., 2021), there has so far been limited research into perceptions of climate change adaptation with populations of high-income countries. There are some exceptions such as a large, multi-part study in the UK in 2012-13 which found generally strong public support for adaptation (IPSOS MORI, 2013). However, considering the recent pace of change in climate risk perceptions there’s a need to both update these studies and add much more detail. For example, when do people, particularly in countries which have not until recently experienced many instances of extreme weather, think adaptation should happen? Are they willing to prioritize public spending on this issue over others? What types of adaptation policies do people support? What level of risk do they consider acceptable versus what level of adaptation? These are some of the questions that might be asked to get a better understanding of public perceptions of climate adaptation and, crucially, public support for it.

In 2022, England ran its first adaptation-focused public dialogue with 112 participants recruited to deliberate what being ‘well-adapted’ to climate change should look like. The participants strongly prioritized human well-being and safety particularly for the most vulnerable, and hoped for a future population which is well educated on the topic in a country that is prepared and flexible to change (Brisley et al., 2023). This type of research could be replicated elsewhere using public dialogues or other forms of participatory research such as citizens assemblies. Once a vision of ‘well-adapted’ is established, research would also need to identify pathways to achieving it including consideration of the trade-offs and instances of loss it might entail. There are some few studies into public perceptions of adaptation policies which seem to suggest growing levels of public support over time (e.g., comparing the low levels of public support for a list of suggested adaptation policies reported in Hagen et al. (2016) compared with the generally higher support reported in van Valkengoed et al. (2022)). However, given the scale of government-led adaptation action required over the coming years to achieve at least adequate levels of resilience, research in this area needs to be much more robust. Studies can be undertaken at a scale aligned with decision making, ranging for example from in-depth research with coastal communities planning local resilience to projected sea level rise to national studies of willingness to invest public money in adaptation compared to other public services, and should be used to inform local, regional and national adaptation program and policies.



Research topic 3: Why are people not acting despite being concerned?

While concern about climate change is now high, it is not yet leading people to take their own adaptive actions, such as increasing the resilience of their homes to extreme weather, commensurate with the risks they face now and in the coming decades (e.g., Power et al., 2020). One potential barrier is that people do not necessarily know what ‘climate change adaptation’ is (Harcourt et al., 2019; Bruine de Bruin et al., 2021). Some have argued that conservative audiences may be more willing to implement climate change adaptation policies against, say, flooding, if climate change is not mentioned, in part because changes in extreme weather are a more concrete experience than that of climate change (Bruine de Bruin et al., 2014). Additionally, some barriers will be context specific, for example, a review of UK household adaptation found that other barriers to implementing adaptation actions included cost, concerns about disruption, and unwanted changes to the look of the property (Porter et al., 2014). Policies such as grants for households and a rapidly evolving commercial market for adaptation could help to address such barriers. However, there is also some evidence of the influence of social barriers (Adger et al., 2009; Biesbroek et al., 2013). For example, people may be less likely to act if they feel that they are being asked to take on more responsibility than other individuals or groups (Gifford, 2011). Here, social science can add useful insight into how these social barriers are experienced in differing contexts and how they can be overcome. In some instances, a perceived barrier, such as a sense that adaptive action is not well accepted by an individual’s peer group, could become a motivator, if adaptive action comes to be seen as a positive social norm (Mildenberger and Tingley, 2017).

As such, we need to more clearly understand what motivates people to take personal adaptive actions and to partake in local and community initiatives (Berrang-Ford et al., 2021). A recent meta-analysis of the motivational factors most associated with adaptive behavior found that research has so far focused on a limited number of hazards, motivational factors, and adaptive behaviors, resulting in an incomplete picture (van Valkengoed and Steg, 2019). Nevertheless, there is work to build on. The meta-analysis identified perceived self-efficacy, outcome-efficacy, and the perception that others are taking similar actions as likely motivators (van Valkengoed and Steg, 2019). Other possible motivators include the perception that adaptive action is morally the right thing to do (Adger et al., 2017), that adaptation can protect things most of value (Harcourt et al., 2019), and is well aligned with pre-existing social identities (Barnett et al., 2021), and that individuals have a responsibility to adapt (Cotton and Stevens, 2019). Research can test the robustness of these motivators with different individuals and communities under different scenarios, and further add to the list. Research also then needs to consider how effective motivators can be best engendered in diverse populations.

Adaptation action can also be motivated by interventions, often government-led. At the individual and household scale, interventions to encourage the mitigation of greenhouse gasses and to encourage greater sustainability are numerous and well established. For example, to name just a couple, many countries give tax reductions to those driving low emitting cars, and require households to separate their recyclable waste from landfill, using either financial incentives or the risk of a fine to achieve compliance. For adaptation, regulations are being used in the business sector to motivate greater understanding of organizations own risk exposure and to develop resilience. For example, since 2022, reporting climate exposure using the Task Force on Climate-Related Financial Disclosures (TCFD) structure has been mandatory for large businesses in the UK and is increasingly being adopted in other countries. However, there are so far few society scale interventions to motivate individual adaptive action, perhaps in large part because adaptation tends to be very context specific (Biesbroek et al., 2013). In other words, the adaptive actions which would benefit high income households in rural areas at risk of river flooding might be different to those which would benefit low income households in cities at risk of urban heat stress, making it difficult to develop interventions with broad relevance and usefulness. Nevertheless, research can help move understanding of this forward both by testing proposed interventions in experimental studies and by reporting on the effectiveness of any that do appear within society such as financial support for home retrofitting.



Research topic 4: How best to develop communications that motivate action?

Public communications can have a key role to play in motivating greater adaptive action. Much communication has so far focused on convincing people that climate change is real and serious. The recent shift in reported public opinion suggests that message has now landed, albeit we recognize that increased personal experience of extreme weather events may also be a significant factor in people’s increasing perceptions of risk (Bruine de Bruin and Dugan, 2022). That signifies a need to now focus on communicating how people can respond to the risks, including how to evaluate personal climate risk, what people can do to manage their own risk, and information on adaptation policies. The process of developing, evaluating, improving, and disseminating these communications needs to be accelerated. Communications can also support the motivating factors developed under the previous topic. For example, the recent survey findings summarized at the beginning of this article suggest an opportunity for public communications to emphasize the extent to which concern about current and local climate change risks is now widely shared. This is important because the (mis-) perception that society has lower levels of climate change concern can be one factor limiting an individual’s willingness to commit themselves to pro-climate positions (Mildenberger and Tingley, 2017). In contrast, there is evidence that perceiving action as something that others are also doing is a principal motivator of adaptation action (van Valkengoed and Steg, 2019; Power et al., 2020) and that a perceived consensus regarding climate change can be a causal factor in increasing public support for climate policy (van der Linden et al., 2015). Therefore, communications should emphasize the consensus of opinion and in time aim to establish it as a social norm.

However, while information-driven communications will remain important, their limitations as a means of engagement is well reported in the literature (e.g., Whitmarsh et al., 2021). In recent years, climate change research has seen an increased use of a broad spectrum of citizen participation approaches. For adaptation research this has taken many forms including public dialogues (Brisley et al., 2023), interactive art installations (e.g., Burke et al., 2018; Aragon et al., 2019) and futures thinking (e.g., Harcourt et al., 2021). Social science research has at least three significant contributions to make here. Firstly, it can add to the content and design of participatory research. For example, several of the authors of this paper contributed adaptation and public engagement expertise to the England’s recent public dialogue on the topic (Brisley et al., 2023). Secondly, researchers can collect and analyze data during the participation activities to understand how effective they are toward their stated goals, an element missing in much outreach work (Burke et al., 2018). Although it is often assumed that participatory approaches are more engaging, evaluative research can add a more critical view and learnings can help ensure that future funds and efforts are directed toward the most effective forms of engagement. Finally, one limitation to participatory research is that, due to the time and costs it often requires, sample sizes tend to be small. Social science research can contribute by testing the robustness of the findings with large samples through surveys or similar.



Outlook

In this Mini Review, we have reflected on the trend in recent surveys that finds that people in high-income countries increasingly think of climate change impacts as a ‘here and now’ concern, and considered how public perceptions and engagement research might further build on this to accelerate and expand adaptation action. Yet, despite high levels of public awareness and concern about climate impacts, the most recent evidence suggests that public prioritization of climate change as an urgent issue for governments to address has fallen slightly, with public focus now on the cost of living crisis, the economy, and health and wellbeing (Harcourt et al., under review)1. Further, there are increasing signs that the developed world is experiencing an ‘anti-climate backlash’ as governments seek to back-peddle on policies perceived as costly and disruptive to voters (The Economist, 2023). This creates an even greater and more urgent challenge for the adaptation research community as it seeks to encourage governments and citizens to maintain, and indeed increase, momentum on preparing for the impacts of climate change, while swimming against these currents. Here, we have highlighted recent research which is starting to move beyond understanding perceptions of risk and toward engaging people in climate change adaptation, and we have outlined a number of fruitful approaches to be explored. Nevertheless, we recognize the challenge ahead and hope this Review may inspire thought and conversation as to where research can best contribute.
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Climate change anxiety (CCA) is an emerging yet not clearly defined construct. Here, we examine the relationship between CCA and climate change-related fear in response to messages differently framing uncertainty and anticipation concerning climate change, exploring how the former differs from general anxiety measures. To this purpose, young and healthy volunteers were assigned to three different framing conditions. Their emotional responses as well as eco-emotions and beliefs about climate change were collected. By employing a Bayesian approach, we found that framing the consequences of climate change effectively induces heightened fear and that CCA strongly predicted fear levels, while general anxiety measures did not. Overall, these results reflect CCA’s unique and specific nature in influencing climate change-related fear. Interestingly, we found fear to predict intention scores only following the framings that did not effectively induce action intentions, consistent with prior findings on fear without efficacy framing. Instead, reading about the negative consequences motivated action the most. Following this framing, we found that eco-anger, instead of fear, consistently predicted intentions to engage in climate action. These results emphasize the complex interplay between CCA, eco-emotions, efficacy, and behavioral engagement.
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1 Introduction

Climate change is one of the toughest challenges that mankind has ever faced. The Intergovernmental Panel on Climate Change (IPCC, 2023) sixth assessment report unequivocally confirms the significant anthropogenic impact on atmospheric, oceanic, and terrestrial warming, resulting in widespread and rapid changes across the atmosphere, oceans, cryosphere, and biosphere. This human-induced warming has occurred at an unprecedented rate within the past 2000 years, primarily due to an unparalleled increase in mixed greenhouse gas emissions. In assessing the possible future scenarios, the report underlines the urgent necessity of reducing greenhouse gas emissions to remain below the critical threshold of a 1.5° increase (compared to pre-industrial levels) to irreversible consequences.

Despite the increasing scientific efforts in describing and predicting the consequences of climate change, people’s beliefs about them can vary widely, and the relationship between these beliefs and supporting or engaging in adaptive behaviors is not completely clear (van Valkengoed and Steg, 2019; van Valkengoed et al., 2021). For example, previous research described different types of climate skepticism on a continuum, from skepticism to denial (Rahmstorf, 2004; Poortinga et al., 2011; Capstick and Pidgeon, 2014; Haltinner and Sarathchandra, 2021; de Graaf et al., 2023), and found several social factors like age, gender, ethnicity and political ideology as predictors (Upham et al., 2009; McCright and Dunlap, 2011a,b). While it is straightforward to imagine that the higher the skepticism, the lower the engagement in adaptive actions will be, stronger risk perceptions do increase intentions but not always actual behaviors (van Valkengoed et al., 2023).

To better understand the gap between intentions and behaviors, previous research has concentrated on people’s responses to the future consequences of climate change, which mainly involve uncertainty, unpredictability, and uncontrollability. These feelings are closely associated with Generalized Anxiety Disorder (GAD) symptoms (Pihkala, 2020). Indeed, over the past decade, terms like Eco-anxiety or Climate Change anxiety (CCA) have been proposed to describe anxiety-related symptoms and manifestations in response to climate change as an environmental stressor (Clayton, 2020). Several definitions have been proposed, with compelling reviews (e.g., Clayton, 2020; Pihkala, 2020; Kurth and Pihkala, 2022). Many of these definitions typically refer to the proposals of Albrecht (2011, 2012), who frames eco-anxiety as a generalized, wide-scale reaction to the state of the planetary ecosystems, categorizing it among what he refers to as “psychoterratic” syndromes (Albrecht, 2011). Like general anxiety, CCA is closely linked to feelings of fear and worry but also involves hopelessness and anger, with close connections with frustration, despair, guilt, shame, and grief (Clayton, 2020; Clayton and Karazsia, 2020; Pihkala, 2020; Verplanken et al., 2020). There is still no precise classification of what is meant by “anxiety” in this context (Pihkala, 2020); Coffey et al. (2021) described more than ten distinct operationalizations of this phenomenon, suggesting an evident lack of consensus (Heeren et al., 2023). Regardless, many studies demonstrate the relationship between GAD-related symptoms and CCA (Materia, 2016; Innocenti et al., 2021; Whitmarsh et al., 2022; Asgarizadeh et al., 2023; Schwartz et al., 2023). Notably, anxiety is a fundamental process serving an adaptive function in humans and other animals. It involves negative emotionality characterized by physical symptoms and future-oriented apprehension. As such, it serves as an adaptive response as it leads to preparation for future events and eventual threats (Barlow, 2004). However, such responses may become maladaptive, leading to emotional dysregulation and maintenance of a chronic state of worry and rumination, as in the case of GAD (Barlow, 2004; Barlow et al., 2016). This holds for CCA as well, which should be considered on a continuum (Clayton et al., 2023) with symptoms ranging from mild to severe, potentially resulting in a clinically definable climate anxiety disorder (Pihkala, 2019). In the context of CCA, it is of great importance, as several authors do, to distinguish between adaptive and maladaptive forms to avoid pathologizing the emotional response to climate change (Reser et al., 2012; Clayton, 2020). Indeed, this is particularly relevant when talking about CCA, where the primary stressor and cause of distress is characterized by a tangible and approaching threat that should not be avoided, for which subclinical anxiety is an appropriate response and a potential resource (Pihkala, 2019; Clayton and Karazsia, 2020; Clayton et al., 2023). As such, emotion-focused coping strategies that rely on reframing or de-emphasizing the risk’s threat are unfit to deal with CCA given that the climate-related issues will remain and likely worsen (Clayton, 2020). Thus, this type of coping mechanism is ineffective for the individual and, most importantly, for the aim of dealing with environmental issues, potentially leading to psychological distancing and discouraging individual and collective action.

Accordingly, several studies demonstrated the potentiality of CCA in motivating action (Heeren et al., 2023). Indeed, through a mediation model, Innocenti et al. (2023) demonstrated that the CCA cognitive impairment subdimension simultaneously has an opposite effect on pro-environmental behaviors (PEBs), directly encouraging PEBs but also negatively influencing PEBs through self-efficacy levels, possibly leading to eco-paralysis.

To operationalize and recognize CCA, Clayton and Karazsia (2020) developed the Climate Change Anxiety Scale (CCAS) and found evidence for two domains, a functional and a cognitive one, closely correlated but showing different correlation patterns with other domains. Moreover, they found that negative emotional responses can be distinguished from a clinically defined “anxiety” response since the former was associated with behavioral engagement, differently from CCA measures, concluding that more research is needed to examine the predictors leading to adaptive emotional responses and positive behavioral responses.

Recently, Asgarizadeh et al. (2023) proposed a model of the predictors of CCA using structure equation modeling and found GAD traits to be the most critical ones, followed by prior experience with climate change impacts and climate change knowledge. Among the factors, they highlight the importance of media exposure in mediating the relationship between prior exposure and CCA.

In an attempt to motivate environmental action, ecological information campaigns usually aim at promoting individual behavioral change by concentrating on the disclosure of the negative consequences of climate change. This approach enhances fear levels, consequently motivating pro-environmental action. However, this is true only when strong fear appeals are accompanied by high-efficacy messages, potentially producing the greatest behavioral change. On the other hand, having low-efficacy messages will likely produce the greatest levels of defensive responses instead (Witte and Allen, 2000). Inducing high levels of fear may lead to denial and apathy, resulting in more psychological distancing from the issue (Kollmuss and Agyeman, 2002). These emotional components play a key role in the onset of climate change helplessness – the belief that climate change is beyond personal control, resulting in behavioral inhibition related to pro-environmental actions (Salomon et al., 2017). Conversely, adding indications about what to do, individually and collectively, to mitigate the environmental impact increases efficacy beliefs. This, in turn, improves intentions to conserve the environment and PEBs (van Zomeren et al., 2010; Chen, 2016; Jugert et al., 2016; Salomon et al., 2017; Fritsche and Masson, 2021).

As for CCA, different studies argue for the positive effect of fear of the negative outcomes in motivating action and behavioral change, mainly when framed with efficacy messages (van Zomeren et al., 2010; Tannenbaum et al., 2015; Chen, 2016). As mentioned above, CCA is empirically distinguished from fear, although fear and anxiety often co-occur (Clayton, 2020).

The present study investigates how CCA contributes to the formation of CC-related fear in response to messages differently framing uncertainty and anticipation concerning climate change. Namely, one only discloses the causes of climate change, and another explains the causes and the future consequences. First, we hypothesized the Consequences condition to induce the highest fear levels, replicating van Zomeren et al. (2010) results. After confirming this, our main hypothesis was that participants’ dispositional CCA would predict fear levels induced by the framings, while general measures of anxiety did not. Particularly, we assessed the differential effect of the two subscales on fear formation and hypothesized that if the previous accounts that underlined the importance of the cognitive-emotional impairment subdimension hold true (Heeren et al., 2023; Innocenti et al., 2023), this would have the highest predictive power on fear formation. Specifically, we also hypothesized a susceptibility effect for which participants with the highest CCA scores would be more affected by the framings that effectively induced eco-fear. Lastly, we observed how increased eco-fear induced by the framings would translate to increased intentions to act pro-environmentally. Specifically, we assessed participants’ perceptions about climate change following the experimental manipulation, and investigated how these, together with fear and CCA would predict people’s intentions to engage in pro-environmental actions. In absence of an efficacy manipulation and based on previous accounts on eco-paralysis and climate-change helplessness, we expected to find moderate levels of fear to be most effective in motivating action, supposedly following the Causes only condition. Conversely, we did not have definitive hypotheses about the role of CCA, given the lack of consensus regarding its relationship on both intentions and actual behaviors on one side, and the dual nature of adaptive and maladaptive anxiety in motivating action on the other.



2 Materials and methods


2.1 Participants and design

The experiment was conducted online using the Qualtrics platform (Qualtrics, Provo, UT). 265 participants volunteered to participate in the study and received no compensation. All of them were native Italian speakers. University students participated in a course-related activity, while others were recruited through word of mouth. Participants who previously suffered from traumatic brain injuries, epilepsy, or other brain-damaging events; participants who suffered from psychiatric disorders in the last 5 years; who were currently on psychopharmacological treatment or abusing substances were not considered for the analysis, leaving us with 177 participants. During the online survey, reading times corresponding to the experimental texts were collected, and implausible reading times were excluded. For each experimental text, we calculated a threshold of minimum milliseconds required to silently read the whole message based on the number of syllables present in the text. Specifically, we chose to set the fastest acceptable syllables per second rate (syll/s) to 13.03, based on the findings of Ciuffo et al. (2017) on Italian university students silent-reading nonfiction texts, and calculated the minimum plausible reading time for each presented text. After discarding the implausible reading times, we excluded outliers exceeding two standard deviations, for each text message, leaving us with a final sample of 122 participants (50 in the Baseline condition, 39 in the Causes condition and 33 in the Consequences condition). Samples’ descriptives are described in Table 1.



TABLE 1 Descriptive statistics.
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After reading and accepting the informed consent form, all participants were asked to fill in their sociodemographic information. Then, participants were asked to fill in a series of questionnaires presented in a randomized order, specifically the State and Trait anxiety scales and the Depression scale from the Cognitive Behavioral Assessment (CBA) scale, the Social Desirability scale, the Climate Change Anxiety scale, and the Positive Affect Negative Affect Schedule (PANAS). After completing these questionnaires, the experimental manipulation consisted of a between-subject design in which participants were randomly assigned to one of three conditions: a neutral Baseline condition in which they read a text not related to climate change, a Causes condition in which they read about the causes of climate change and a Consequences condition in which they read about the future consequences of climate change. Reading times were collected for each presented message in all conditions. Right after the framing, all participants were asked to report how they felt. Namely, we asked them to report the positive or negative valence of the emotion they felt related to the message and how much this activated them. Additionally, they answered the degree to which they felt both anger and fear concerning climate change, as well as how much they were motivated to engage in pro-environmental actions. Lastly, all participants answered the PANAS again to measure the effect of the manipulation on positive and negative affect, followed by a final questionnaire about their beliefs about climate change to assess how these were affected by the framing.

The research was approved by the Department of Psychology, Sapienza University of Rome (Prot. n. 001295), following the Declaration of Helsinki, and the Committee itself monitored the execution and results. Each participant signed the written consent form after the procedures were fully explained.



2.2 Materials


2.2.1 Questionnaires

Participants were presented with the computerized versions of the following questionnaires:

Sociodemographic information, including information about the level of education, age, gender, socioeconomic status, etc., and a brief anamnestic questionnaire to exclude participants suffering from self-reported neurological or psychiatric diseases or with use and abuse of substances.

Three scales of the Cognitive Behavioral Assessment (CBA) scale battery (Sanavio et al., 1986; Bertolotti et al., 1990), particularly the two State–Trait Anxiety Inventory (STAI) scales (Pedrabissi and Santinello, 1989) measuring both state (SA) and trait anxiety (TA) levels, each containing 20 items, and the Depression Questionnaire (DQ) scale (Bertolotti et al., 2000) containing 24 items measuring dysphoria and depressive symptoms.

The Social Desirability Scale (Manganelli Rattazzi et al., 2000) contains 33 items used to control and account for the possible tendency of participants to give answers that appear suitable in the context of sustainable choices; this could be a confounding variable given the moral value of the topic at hand.

The Climate Change Anxiety Scale (CCAS) (Innocenti et al., 2021) contains 13 items to assess participants’ anxiety levels related to the future consequences of climate change. The items of this scale are divided into a cognitive-emotional impairment subscale (CCAcog) and a functional one (CCAfun). Specifically, the first 8 items of the scale measure CCAcog and assess the impacts on cognition and emotions, as well as rumination, due to climate change. The remaining 5 items assess how the emotions associated with climate change interfere with peoples’ everyday functioning (Clayton and Karazsia, 2020).

The Italian version of the Positive Affect and Negative Affect Schedule (PANAS) (Terracciano et al., 2003) contains 20 items used to assess the intensity of the current affect.

The Climate Change Perception Scale (CCP), developed by van Valkengoed et al. (2021), contains 24 items and was translated into Italian by the authors and back translated by an external expert to ensure accuracy. This scale assesses participants’ understanding of climate change’s causes, current state, and potential consequences. We treated each subdimension separately as they were developed in the original study; these measure the degree of belief that climate change is real (CCP-R), is mainly caused by humans (CCP-H), is due to natural causes (CCP-N), will bring to negative consequences (CCP-NC) or positive consequences (CCP-PC), will affect someone’s proximal areas (CCP-SP), will affect only spatially distant areas (CCP-SD), will happen shortly (CCP-TD).



2.2.2 Stimuli

Participants were randomly assigned to either one of the experimental conditions: in the Baseline condition, participants read neutral archeological information; in the Causes condition, participants read a message talking about the causes of climate change adapted from the one presented in van Zomeren et al. (2010) as the neutral condition; in the Consequences condition, participants first read the same information of the Causes group followed by a message talking about the future negative consequences of climate change. Figure 1 shows the three texts used in the experiment translated from Italian.
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FIGURE 1
 Text messages used in the experiment. (A) The neutral message used in the Baseline condition; (B) the text describing the causes of climate change used in the Causes condition; (C) the text describing the consequences of climate change, presented after the causes text in the Consequences condition.


The Causes and Consequences messages were accompanied by a sentence stating that the information participants were about to read was taken from the last report of the International Panel on Climate Change (IPCC).



2.2.3 Dependent variables

After reading the three messages, participants responded to 7-point response scale measures (1 = not at all, 7 = very much). Two items measured climate change-related fear (“I am fearful/afraid of the negative future consequences of the climate crisis”), three measured anger related to climate change consequences (“I feel angry/ furious/mad because of the negative future consequences of the climate crisis”) and an additional three items measured intentions to act (“I would like to do something together with others to fight the climate crisis/I would like to sign a petition to promote measures against the climate crisis/I will vote for a political party that fights against the climate crisis”). All these items were taken from van Zomeren et al. (2010). To assess the effect the framings had on emotional valence and emotional arousal, we asked participants to report whether the emotions they felt right after reading the messages were positive or negative, and how much they felt activated by using the classic Self-Assessment Manikin (SAM) (Bradley and Lang, 1994) scored from 1 to 5.




2.3 Procedure

All the questionnaires and tasks were presented on the online survey platform Qualtrics (Qualtrics, Provo, UT). The experiment was structured as follows: participants, after accepting and signing informed written consent, were first presented with the sociodemographic and anamnestic questionnaires, then they were presented with the CBA subscales, social desirability, CCAS and PANAS questionnaires. After answering these, they were randomly assigned to one of the three conditions and answered the same Fear, Anger and Intentions items. There was no time limit for the presentation of the different messages; participants could choose when to move on to the next page. After this, all participants answered the 8 subscales of the CCPS and the post-manipulation PANAS.



2.4 Statistical analyses

Bayesian hypothesis testing and parameter estimation using JASP, Version 0.17.2.1 (JASP Team, 2024) was used for all the present analyses. All the annotated.jasp files, including the main analyses and manipulation checks, are available at https://osf.io/sydz2/. To test our first main hypothesis, investigating the specific contribution of CCA on Fear in response to the three framings, we conducted a Bayesian ANCOVA comparing Fear scores among the three groups and added CCA, SA and TA scores as covariates, together with three other predictors modeling the interaction between condition and anxiety scores to test for a “sensitivity” effect. Following this analysis, we conducted a similar ANCOVA including the functional and cognitive impairment subdimensions of CCA, and the respective interaction terms, to explore the specific contribution of the two dimensions in eco-fear formation. Furthermore, we tested whether the framings would effectively motivate environmental action by running another ANOVA on intention scores among the three conditions, expecting that moderate fear levels would induce the highest action intentions. Notably, we followed up this analysis by running three separate Bayesian multiple regressions to understand how the different framings influenced individuals’ perceptions of climate change (assessed using the CCP scale) and how these, together with eco-emotions and participant’s dispositional CCA, would predict intentions to act. For all ANOVA and ANCOVA analyses, we assigned equal probabilities to both the null model and the model of interest using a uniform distribution. For the regression analyses, we used a Beta-Binomial model prior (α = 1, β = 1) to model the parameters’ prior distributions. We employed the default Jeffreys-Zellner-Siow (JZS) prior with an r scale of 0.354 due to its reliability in Bayesian analysis (Rouder and Morey, 2012; Ly et al., 2016). Markov chain Monte Carlo (MCMC) was employed as the sampling method, with 1,000 iterations. Robustness checks, in which the same regression was conducted with “wide” and “ultra-wide” priors by changing the r-scale to 0.25 and 0.5, can be found in the corresponding.jasp files.




3 Results


3.1 Controlling for confounding variables and manipulation checks

Before conducting the main analyses, we checked whether other confounding variables may have explained differences between groups. The results of the Bayesian one-way ANOVA revealed that participants in the three groups did not differ in terms of trait (BF10 = 0.096) and state anxiety (BF10 = 0.192), depression (BF10 = 0.281), climate change anxiety (BF10 = 0.139) and social desirability (BF10 = 0.120).


3.1.1 Effect on mood and affect

To check whether our stimuli induced differences in participants’ mood, we conducted a Time (before/after) x Condition (baseline/causes/consequences) mixed ANOVA model comparing participant’s positive and negative affect scores before and after the presentation of the stimuli. Participants in the three conditions did not differ in neither positive (BF10 = 0.695) nor negative (BF10 = 0.273) affect scores before being assigned to the respective conditions (i.e., T0).

Regarding the positive affect scores, the analysis of effects resulting from the Time x Condition mixed ANOVA reveals a strong effect of Time (BFincl = 3.272 × 10+6) and no effect of both Condition alone (BFincl = 0.858) and Time x Condition interaction (BFincl = 0.323). Conversely, the same analysis conducted on the negative affect scores revealed that the observed data were more likely to occur under the null model (posterior odds of 0.349, BFM = 2.141) however this resulted to be only around 1.08 times more likely than the full model (posterior odds of 0.321, BFM = 1.893). This indicates that results are inconclusive: there is no consistent evidence in favor of one model over the other, possibly due to the considerable variability of NA scores in the three groups. The analysis of effects also reflects this, and shows only limited evidence for the three predictors; with the Time x Condition interaction term (BFincl = 1.893) being the only showing an increase in posterior odds given the data, compared to the Condition (BFincl = 0.635) and Time (BFincl = 0.771) predictors. To better understand this point, we plotted the shift between T0 and T1 scores across all three conditions (available on the OSF repository), and we noticed that the Causes condition showed the highest increase between the two time points. Therefore, we followed up the previous analysis and conducted a one-tailed paired sample t-test for each condition to test the alternative hypothesis that NA scores would be higher at T1 compared to T0, with a default Cauchy prior (scale = 0.707). After correcting for multiple comparisons using the Westfall method (Westfall and Wolfinger, 1997), we found the Causes condition to be the only showing a BF favoring the alternative hypothesis for which scores at T0 would be lower than scores at T1 (BF-0U = 15.291; BF−0 = 15.291*0.260 = 3.976). Moreover, we wanted to assess how the framings influenced participants’ reported levels of emotional valence and arousal. Namely, we expected the Consequences condition to elicit a decrease in emotional valence and increased emotional arousal compared to the Causes condition and the Baseline condition. Regarding the effect of condition on emotional valence, the one-way Bayesian ANOVA confirmed that the observed emotional valence scores are extremely more likely under the alternative hypothesis predicting a differential effect due to condition, compared to the null model, which represents the null hypothesis of having no differences between conditions (BF10 = 2.479 × 10+9, 0.011% error). We conducted post-hoc pairwise comparisons to investigate the differences between groups; specifically, the adjusted posterior odds demonstrate extreme evidence for decreased emotional valence in the Consequences condition compared to the Baseline (i.e., odds of 1.413 × 10+7 with 1.4 × 10−13% error) as well as the Causes condition compared to the Baseline (i.e., odds of 88690.645 with 8.177 × 10−8% error). Moreover, the analysis revealed only limited evidence for lowered emotional valence scores in the Consequences condition compared to the Causes (i.e., odds of 1.684 with 0.008% error), indicating that these two conditions induced similar levels of negative emotionality. Regarding emotional arousal scores, the Bayesian ANOVA revealed moderate evidence in favor of the effect of Condition on arousal scores (BF10 = 3.544 with 0.028% error). Particularly, the post-hoc comparisons showed that the only consistent difference was found between the Consequences and the Causes condition (adjusted posterior odds of 6.136 with 3.269 × 10−7%error).



3.1.2 Effect on climate change-related fear and anger

Before investigating the relationship between eco-fear and CCA we had to confirm whether our manipulation was effective and specifically induced fear, thus, we used the same eco-anger items that were used in van Zomeren et al. (2010). However, the Bayesian ANOVA comparing the scores on anger in the three groups revealed that data were slightly more probable to occur under the alternative hypothesis of having differences between the groups (BF10 = 1.858 with 0.023% error). Particularly, after running pairwise post-hoc comparisons, the adjusted posterior odds demonstrate evidence in favor of a difference between the Consequences condition and the Baseline (i.e., odds of 3.487 with 6.848×10−7% error), evidence that the scores did not differ between the Causes and Consequences conditions (i.e., odds of 1/0.402 ≃ 2.49), and moderate evidence that the levels of anger between the Causes and Baseline is also the same (i.e., odds of 1/0.241 ≃ 4.15). Overall, the anecdotal model comparison BF and the post-hoc tests indicate that the conditions did not consistently induce differences in anger levels. Conversely, we assessed the effectiveness in inducing eco-fear with another one-way Bayesian ANOVA, which revealed substantial evidence in favor of the alternative hypothesis (BF10 = 10.250 with 0.031% error), indicating a difference in fear scores among the three groups (Figure 2). The post-hoc comparisons revealed moderate evidence indicating heightened fear scores in the Consequences condition compared to Baseline (odds of 11.792 with 1.563 × 10−7% error) and very small evidence for heightened fear scores in the Causes-Baseline comparison (odds of 1.423 with 0.009% error). Notably, the analysis revealed moderate evidence that the two groups of interest (Causes vs. Consequences) induced the same levels of climate change-related fear (odds of 1/0.198 ≃ 5.05 with 0.013% error).

[image: Panel A shows violin plots with box plots overlay for ‘Fear’ across three conditions: Baseline (red), Causes (green), and Consequences (blue). Fear scores are highest at Baseline. Panel B presents density plots showing normal distributions for the same conditions. Baseline peaks around 0, Causes near 1, and Consequences near 1.2, with color-coded significance levels.]

FIGURE 2
 (A) Raincloud plot of the observed fear scores in the three Conditions. (B) Posterior distributions of the effect of each condition on fear scores. The horizontal error bars represent 95% credible intervals.





3.2 Climate change anxiety and climate change-related fear

The main focus of the study was to investigate how higher levels of CCA would influence susceptibility to the two types of climate change messages. Here, we expected higher levels of climate change anxiety to interact with seeing the climate change-related messages in inducing higher levels of fear, and this interaction would be specific for CCA but not for general anxiety levels. Thus, following up on the previous analysis, we conducted a Bayesian ANCOVA with climate change-related fear as the dependent variable and CCA, SA, and TA scores as covariates, to test our hypothesis of a specific involvement of CCA in fear formation, independently of participants’ general anxiety levels. Specifically, we also modeled three more predictors representing the interaction between the condition and each anxiety scale to assess the presence of a “sensitivity” effect. The best model predicting fear scores was the one combining Condition and CCA for which we found extremely strong evidence compared to the null hypothesis (posterior odds of 0.405, BF10 = 1560.73 with 0.941 error %). Table 2 shows the analysis of effects across all models to estimate predictors’ inclusion probabilities given the data. Indeed, the most important predictor was CCA (posterior odds of 0.995, BFincl = 117.037) while evidence was against both SA and TA as predictors of eco-fear scores. These latter results confirmed our hypothesis about a relationship between eco-fear and CCA, independently from general anxiety measures: Figure 3 depicts how fear varies linearly as a function of CCA for each condition, compared to SA and TA where there is no linear relationship.



TABLE 2 Analysis of effects summarizes the effect of the different predictors (condition, climate change anxiety, state and trait anxiety) on fear levels.
[image: A table displaying statistical probabilities and Bayesian factors for different effects and their combinations. Columns include prior and posterior probabilities of inclusion and exclusion for parameters such as Condition, CCA (climate change anxiety), SA (state anxiety), TA (trait anxiety), and their interactions. The inclusion BF quantifies changes from prior to posterior inclusion odds.]

[image: Three scatter plots labeled A, B, and C compare "Fear" against CCA, SA, and TA scores respectively. Points are color-coded by condition: Baseline (red), Causes (green), and Consequences (blue). Lines with shaded confidence intervals show trend directions for each condition.]

FIGURE 3
 Scatter plots showing the relationship between scores on (A) climate change anxiety, (B) state anxiety, (C) trait anxiety and fear scores in all three conditions. A clear linear relationship emerges only for CCA scores across all conditions.


We hypothesized a sensitivity effect for which participants with higher CCA would be more affected by the environmental framings and show the highest eco-fear scores. However, we found evidence against all three interaction terms, disconfirming our hypothesis.

Because CCA is composed of a functional and a cognitive subscale, we were interested in exploring which of these two components was more involved in the onset of climate change-related fear in response to different framings. The Bayesian ANCOVA, in which we included the two subdimensions as covariates and condition as between-subject factor, reveals that the best model predicting fear scores combines Condition and CCAfun (posterior odds of 0.421, BFM = 8.713 with 0.908% error). Particularly, the analysis of effects (Table 3) shows anecdotal evidence in favor of the functional impairment subdimension (posterior odds of 0.821 with BFincl = 2.861), compared to the cognitive emotional one (posterior odds of 0.472 with BFincl = 0.559), in explaining fear levels. In this case, anecdotal evidence indicates an increase in posterior odds, however that the evidence is only limited and care must be taken in drawing definitive conclusions. Like the previous analysis we investigated the presence of a susceptibility effect related to one dimension or the other. Therefore, we also included two other covariates modeling the interaction between the two subdimensions and the Condition predictor. Interestingly, both of these showed a strong decrease in posterior odds, thus not supporting our expectations.



TABLE 3 Analysis of effects summarizes the effect of the different predictors (condition, cognitive and functional subdimensions of CCA) have on fear levels.
[image: Table comparing effects with columns for prior and posterior probabilities of parameter inclusion and exclusion, and Bayes Factor inclusion (BF_incl). Effects listed: Condition, CCAcog, CCAfun, and their interactions. Probabilities indicate how data support parameter inclusion in models.]



3.3 Intentions to act predictors

Our second aim was to investigate whether the framings would effectively increase people’s motivation to engage in pro-environmental action by influencing people’s eco-emotions and beliefs about climate change.

Therefore, we first conducted a Bayesian ANOVA on intentions scores among the three groups. Because of the particularly high social relevance of climate change issues and the widespread diffusion of this topic, we added social desirability scores as a random factor, thus including it in the null model. Results revealed strong evidence in favor of an effect of condition on intention scores (posterior odds of 0.871, BF10 = 6.78 with 0.539% error). The post-hoc comparisons revealed that the only consistent evidence in favor of a difference between groups was found for the Consequences vs. Baseline comparison (adjusted posterior odds of 4.962, BF10,U = 8.447 with 4.377×10−7% error). Conversely, the Causes framing did not motivate action consistently more than the Baseline (adjusted posterior odds of 0.596, BF10,U = 1.015 with 0.012% error) or than the Consequences framing (posterior odds of 0.266, BF10,U = 0.453 with 0.013% error). We hypothesized the Causes only condition to motivate action the most, however this was not the case, and the results resembled the differences between framings found on fear scores (see Figure 4) suggesting a consistent relevance of fear in predicting intentions. Therefore, we used Bayesian Multimodel inference to investigate which factors predicted intentions to act in the three different framings. For each condition, we first conducted a correlation analysis to explore the relationship between the scores in all tests and intentions to act. Here we included all the scores considered in the previous analyses plus the Climate Change Perception scale scores.

[image: Panel A shows violin and box plots of intention scores across three conditions: Baseline (red), Causes (green), and Consequences (blue). Each condition displays varying distributions with points indicating data spread. Panel B depicts density plots for the same conditions, highlighting normal distributions and distinct but overlapping peaks with confidence interval bars.]

FIGURE 4
 (A) Raincloud plot of the observed intention to act scores in the three Conditions. (B) Posterior distributions of the effect of each condition on fear scores. The horizontal error bars represent 95% credible intervals.


Specifically, we selected all predictors that demonstrated evidence in favor of a linear relationship with intention-to-act scores. To do so, we conducted a linear correlation analysis, and we selected the parameters that showed at least moderate evidence (BF10 > 3.00) in favor of a bidirectional linear relationship with intention to act scores, independently of the strength of correlation (assessed with Pearson’s r). Lastly, given our main focus on CCA, we added CCA in all regressions, independently of the correlation results, as well as the Fear x CCA interaction term as possible predictors.


3.3.1 Baseline

The correlation analyses demonstrated that the following factors were correlated with intention scores: CCA (r = 0.401; BF10 = 10.152), CCP-R (r = 0.589; BF10 = 3326.527), CCP-NC (r = 0.427; BF10 = 18.412), Fear (r = 0.583; BF10 = 2510.331) and Anger (r = 0.388; BF10 = 7.559). Thus, all these predictors were included in the multiple regression as covariates (See the complete analyses on OSF for diagnostics). The best model explaining intention to act scores was the one combining CCP-R and climate change related Fear scores (posteriors odds of 0.174, R2 = 0.473). Specifically, the model-averaged posterior summary table (Table 4) shows comparable evidence only for CCP-R and Fear as predictors of intentions (posterior odds of 0.921 with BFincl = 9.588, and 0.922 with BFincl = 7.070 respectively), while very weak evidence in favor of both CCA and the Fear x CCA interaction term (posteriors of 0.661, with BFincl = 1.596, and 0.401 with BFincl = 1.116 respectively).



TABLE 4 Model-averaged posterior summaries for multiple linear regression coefficients: Baseline.
[image: Table displaying regression coefficients and related statistical data, including posterior inclusion and exclusion probabilities, Bayes factor, mean, standard deviation, and 95% credible intervals for variables such as CCP-R, CCP-NC, Fear, Anger, and CCA. The table provides detailed numerical values for each parameter's impact on climate change-related perceptions and emotions.]



3.3.2 Causes

The correlation analyses demonstrated that the following factors were consistently correlated with intention scores: CCP-NC (r = 0.399; BF10 = 4.203), Fear (r = 0.593; BF10 = 405.497), Anger (r = 0.488; BF10 = 23.792). The results of the multiple regression that included these predictors revealed that the best model was the Fear only one (posterior odds of 0.246, R2 = 0.351). Indeed, the BMA analysis of coefficients showed consistent evidence only in favor of fear scores as a predictor of intention scores (posterior odds of 0.951, BFincl = 13.896) compared to the other factors (see Table 5).



TABLE 5 Model-averaged posterior summaries for multiple linear regression coefficients: Causes.
[image: A table displays coefficients and statistical data for a regression analysis. Columns include Coefficient, P(incl), P(excl), P(incl|data), P(excl|data), BF_incl, Mean, SD, and 95% Credible Interval (Lower, Upper). Predictor variables listed are Intercept, CCP-NC, Fear, Anger, CCA, and Fear * CCA. Each row provides corresponding statistical values. Descriptive text at the bottom explains terms like P(incl), P(excl), BF_incl, Mean, and SD. Abbreviations include CCP-NC for negative consequences subdimension, CCA for climate change anxiety, and others specific to the climate change perception scale.]



3.3.3 Consequences

The correlation analyses demonstrated that the following factors were correlated with intention scores: CCP-TD (r = −0.546; BF10 = 38.496), Fear (r = 0.636; BF10 = 420.363), Anger (r = 0.668; BF10 = 1225.547). Thus, these were included in the multimodel bayesian regression as predictors of intention to act following the Consequences condition. The best model resulted to be the one CCP-TD + Anger model (posterior odds of 0.175, R2 = 0.572). Table 6 shows the model averaged posterior estimates for each parameter. Indeed, CCP-TD and Anger (posterior inclusion odds of 0.834, BFincl = 4.566 and 0.858, BFincl = 5.197 respectively) best predict intention to act scores in the Consequences condition and are the only showing positive inclusion BFs.



TABLE 6 Model-averaged posterior summaries for multiple linear regression coefficients: Consequences.
[image: A table showing regression coefficients and statistical measures for various predictors. Columns include Coefficient, P(incl), P(excl), P(incl|data), P(excl|data), BFincl, Mean, SD, and 95% Credible Interval (Lower, Upper). Predictors are Intercept, CCP-NC, CCP-TD, Fear, Anger, CCA, and Fear * CCA. Each row presents corresponding statistical values. A footnote explains abbreviations and statistical terms used in the table.]





4 Discussion

In this study, we examined the role of CCA in shaping fear toward the consequences of climate change, by analyzing how messages that present varying perspectives on the causes and consequences of climate change impact individuals. In addition, our goal was to delve into the influence of fear on individuals’ inclination to take decisive measures. This study offers a unique perspective in analyzing the distinct effects of the cognitive and functional subdimensions of CCA on the process of fear formation. Moreover, it aims to differentiate these effects from general measures of anxiety, such as state and trait anxiety.

Following a Bayesian approach, we found that our manipulation specifically increased eco-fear (and not eco-anger), confirming our hypothesis for which the Consequences condition would induce the highest fear scores. However, this was true only compared to the Baseline message, while the comparison with the Causes condition indicated that these induced the same fear levels (Figure 2), differently from what we expected based on van Zomeren et al.’s results, from which the messages used in the environmental framings were adapted.

Indeed, the mood manipulation results confirm what we expected about the Consequences condition as being the most effective in inducing decreased emotional valence and increased emotional arousal, possibly indicating that these differences in mood did not translate in increased eco-fear. However, we speculate that the fear-inducing effect of reading about the causes without specifying the consequences could be due to an anticipatory response. This proposition supports the consistent reduction of negative affect values observed between the pre-test and post-test phases, as indicated by the significant Time x Condition interaction. Notably, post-hoc analyses yielded moderate evidence of increased negative affect solely in the Causes condition, as opposed to the Consequences and Baseline conditions. Therefore, the observed negative affect increase may signify the presence of such an anticipatory effect, which may account for the disparity in results compared to van Zomeren et al. and could be associated with the heightened awareness of climate change issues over the past decade (Moser, 2016). It may also be influenced by the particular sensitivity and awareness of our predominantly young adult sample, given that young adults tend to exhibit increased sensitivity and awareness of climate-related issues (European Commission, 2009).


4.1 Climate change anxiety and climate change-related fear

As expected, we found that participants’ dispositional CCA levels interacted with the differently framed messages to increase CC-related fear. Indeed, Bayesian model comparison revealed that the combined effect of condition and CCA best explained the observed fear levels. Additionally, we found this effect to be specific for CCA and not for state or trait anxiety levels, for which there was no evidence of any predictive power on fear levels (see Figure 3). Indeed, the analysis revealed extreme evidence in favor of an effect of CCA on fear levels and no evidence supporting an effect of either state or trait anxiety levels (Table 2). While previous studies underline a positive relationship between GAD-related symptoms in predicting higher CCA scores (Innocenti et al., 2021; Whitmarsh et al., 2022; Asgarizadeh et al., 2023; Schwartz et al., 2023). This evidence is consistent with previous accounts that discuss CCA as being distinct from generalized anxiety-related manifestations. Notably, while we found evidence confirming our hypothesis, we did not find evidence supporting a “sensitivity” effect. Namely, we expected to observe that participants showing the highest levels of dispositional CCA would be the most susceptible to the highest fear-inducing framing (initially hypothesized to be the Consequences condition), however, this was not the case as we found evidence against all of the predictors modeling the interactions between condition and the three anxiety scales (Table 2). The strong evidence supporting CCA as directly predicting eco-fear independently of the type of framings may be due to the limited fear-inducing effectiveness of the framings, only evident in the Consequences vs. Baseline comparison. Conversely, the lack of a CCA x condition interaction can be interpreted as evidence supporting the robustness of this construct in predicting eco-fear independently of simple environmental appeals.

After confirming our first hypothesis, we were interested in exploring whether the two CCA subdimensions differently affected fear levels. Indeed, the analysis showed that the combined effect of condition and functional impairment best predicted fear levels, as confirmed by the analysis of effects showing anecdotal evidence in favor of an effect of the functional subdimension in predicting CC-related fear levels (Table 3) compared to the cognitive-emotional one. Taken together, these results seem to indicate greater importance of the functional impairment subdimension in predicting fear scores. However, the supporting evidence is only limited, in contrast with the strong evidence supporting total CCA scores as a predictor of eco-fear, possibly indicating the importance of both the subscales combined in predicting fear.

This finding is contrast with our expectations based on previous accounts. For example, Clayton and Karazsia (2020) demonstrated a selective effect of framing on the cognitive impairment compared to the functional one. Recently, Innocenti et al. (2023) referred to Wells’ model of generalized anxiety (Wells and Leahy, 1998), which states that the functional impairment follows the cognitive one and assumed that the same happens for the two subdimensions related to CCA. Even though the present study did not directly investigate the directionality effect between the two dimensions and cannot confirm nor disconfirm Innocenti and colleagues’ assumption, the results do not show a clear dissociation between the two subdimensions, indicating that both may play a consistent role in predicting eco-emotions. Similar to the previous analysis, we did not find evidence in favor of any term modeling the interaction between the two subdimensions and the condition term.



4.2 Intentions to act predictors

After assessing the contribution of CCA in fear formation, we were interested in measuring whether this translates into differences in intentions to act toward the environment. Interestingly, since we initially expected the Causes only framing to induce moderate levels of eco-fear, we expected this condition to be the most effective in motivating action in the absence of any efficacy framing. However, we found the Consequences framing to be the most action-motivating and the only showing a consistent difference with the neutral Baseline condition. Summarizing the previous results on eco-fear: reading about the causes and the consequences of climate change, thus manipulating anticipation of environmental threat, was the only type of framing having a consistent effect on eco-fear and, in turn, in motivating pro-environmental action intentions, seemingly suggesting a direct role of eco-fear in motivating pro-environmental action. The three Bayesian multiple linear regressions on each framing helped us disentangle how the messages modulated individuals’ perceptions of climate change and eco-emotions, and how these predict action intentions while also considering CCA.

Interestingly, the results show that following a neutral non-environmental framing (i.e., Baseline condition), participants’ intention to act are positively predicted both by the extent to which they belief that climate change is real and by their baseline eco-fear. On the other hand, in the Causes framing the only and strongest predictor of intentions scores is eco-fear, despite focusing on objective causes and supposedly non-emotional factors related to climate change. This finding, together with the consistent increase in negative affect scores found exclusively for the Causes framing may reflect anticipation and uncertainty surrounding the perceived consequences inferred by participants, as previously discussed.

Notably, the only consistent predictor of intention scores in both these two framings, not effective in motivating action, is eco-fear. In contrast, following the Consequences framing, which instead increased action intentions compared to the neutral framing, the best predictors were the individual’s perceived temporal proximity (CCP-TD) and eco-anger, instead of fear. Regarding the first predictor, higher CCP-TD reflected a stronger belief that the consequences of climate change would happen farther away in time, and, coherently, was found to be negatively correlated with intention scores. This finding aligns with previous research demonstrating that the closer individuals perceive climate change consequences, the stronger their intentions to take action will be (Liberman and Trope, 2008; Wang et al., 2019). On the other hand, the finding that eco-anger best predicted the data compared to fear is an unexpected result with significant implications. Specifically, the framework of the dual pathway model of coping with collective disadvantage has been proposed to explain the dynamic process of emotional coping in which both group-based anger and group efficacy are central nodes of feedback reappraisal loops, leading to collective action (Lazarus, 1991; van Zomeren et al., 2012). However, the same model has been adapted to environmental action, for which individuals cope with the collective climate crisis by regulating their fear, instead of anger, in response, to the appraised negative consequences of climate change, depending on their group efficacy beliefs. Indeed, this led to the proposal of eco-fear as a central and strong motivator of pro-environmental action (van Zomeren et al., 2010). However, our results seem to support the first model: finding that anger is the most important predictor of intentions, following the only effective framing in motivating action, supports a crucial involvement of eco-anger, even in the context of environmental collective action. This finding is coherent with the pattern of results emerging from our affective manipulation, in which we found a consistent difference in emotional arousal following the Consequences framing compared to the causes-only framing, possibly indicating the pro-active nature of eco-anger that leads to action motivation.

Previous accounts argue for a dual effect of fear on intentions: on the one hand, low levels of fear may motivate action, while high fear levels may induce eco-paralysis (van Zomeren et al., 2010; Chen, 2016). Therefore, communicating the imminent negative consequences of climate change possibly leads to ineffective defensive responses such as distancing, helplessness, and denial (Witte and Allen, 2000; Kollmuss and Agyeman, 2002; Fritsche et al., 2012; Hornsey et al., 2016; Salomon et al., 2017). However, even in conditions of high perceived fear of threat, such a pattern could be overturned if the appeals are accompanied by efficacy messages. Specifically, it has been proposed that collective efficacy appeals are more effective than individual self-efficacy messages (Chen, 2016). Specifically, Jugert et al. (2016) demonstrated that collective efficacy motivated pro-environmental intentions only through greater perceived self-efficacy, only when participants considered individual action effective in coping with large-scale environmental crises. In turn, inducing low self-efficacy levels made collective efficacy ineffective in motivating action.

On the other hand, the relationship between CCA and perceived efficacy is not straightforward. Previous evidence argues for a positive relationship between CCA and efficacy (Homburg and Stolberg, 2006; Howell et al., 2016; Helm et al., 2018; Maran and Begotti, 2021). However, Innocenti et al. (2023) recently argued for a double effect of the CCA cognitive subdomain on pro-environmental behaviors, measured with the PEB scale (Markle, 2013; Menardo et al., 2020): motivating PEBs on one side, but also inducing eco-paralysis by first negatively influencing self-efficacy levels on the other.

Another important finding emerging from these analyses is that CCA and the Fear x CCA interaction term showed only weak and limited evidence in predicting intentions scores, only following the non-environmental framing. This finding adds to the previous literature trying to disentangle the unclear relationship between CCA and behavioral engagement. Indeed, in contrast to the findings of Innocenti et al. (2021) and Stanley et al. (2021) report that eco-anxiety and eco-depression are less adaptive and relate to lower well-being compared to eco-anger, which, in turn, leads to greater involvement in pro-climate activism and personal actions. In their study, eco-depressed people were more likely to participate in climate action, while eco-anxious people were less likely to join, concluding that studying eco-anxiety in isolation from other eco-emotions would bring to the wrong conclusion that it enhances behavioral engagement. Overall, our results are in line with this proposal, given that the multiple regression results show a lack of evidence in favor of CCA as a predictor of intentions, while we observe fear and anger as being the only consistent predictors of action intentions.

Again, in the original proposal of the CCA scale, Clayton and Karazsia (2020) also found that behavioral engagement (assessed with a combination of items measuring both participants’ intentions and behaviors) was not associated with neither specific climate nor general anxiety responses. However, previous accounts have proposed that CCA, and eco-anxiety more generally, is an appropriate response to the environmental threat (Clayton and Karazsia, 2020; Clayton et al., 2023), and that could be thought of as a proactive emotion: useful in maintaining alertness on environmental challenges, soliciting cognitive engagement and increasing PEBs (Kurth and Pihkala, 2022; Schwaab et al., 2022). As such, it has been referred to as a “practical anxiety,” related to the anxiety of uncertainty about the right thing to do, possibly leading to a resolution of the problem (Pihkala, 2020; Kurth and Pihkala, 2022). In this sense, and given our and previous results, CCA may have a predictive effect on actual behaviors but not intentions to act. Not only, varying degrees of CCA may have opposite effects on intentions and behaviors. Specifically, Heeren et al. (2023) argue for the duality of the cognitive-emotional component of CCA, possibly leading to adaptive (i.e., PEBs) or maladaptive (i.e., functional impairment) responses, perhaps explaining why the functional impairment best predicted fear in our results, which, in turn, predicted action intentions only following the ineffective framings, thus not leading to an adaptive response. Based on this proposal, different dimensions of CCA may be selectively related to different eco-emotions and, therefore, the adaptive side of CCA may be put at use by understanding which types of framings and contexts tap into it to better motivate action while avoiding to pathologize eco-anxiety and incurring in increased psychological distancing (Reser et al., 2012; Clayton, 2020).



4.3 Limitations and future perspectives

Although the present study presents a promising outlook for eco-sustainability and proactive environmental behavior. It is crucial to recognize and address the limitations that might affect the overall conclusions. These limitations must be thoroughly examined in future research to ensure the validity and robustness of the findings. Starting with the methods, it has to be noted that the Climate Change Perceptions scale (CCPS) was originally developed in English, and the one we used here was translated by the authors and back translated by an English translator. Therefore, the scale is not validated in Italian, and care must be taken in interpreting the results. Although participants provided their city of residence, we did not explicitly ask them where they lived and had been living at the time of the experiment. People from rural or urban communities could manifest different sensitivities to climate change-related issues, although previous research did not find consistent differences in PEBs between the two (e.g., Berenguer et al., 2005; Sheasby and Smith, 2023). Therefore, this aspect should be considered in future studies. Another point that must be considered is about participants’ efficacy beliefs. As already discussed in the text, efficacy scores have been found to modulate intentions and behaviors effectively. Here, we did not assess participants dispositional efficacy about climate change, which could have shown specific patterns in both fear and intention formation. Lastly, given the limited effectiveness of textual framings in eliciting an emotional response, future studies should consider different types of framings (e.g., using videos) to investigate the relationship between CCA, e and behaviors.




5 Conclusion

The presented study demonstrated the specific contribution of participants’ dispositional climate change anxiety (CCA) in predicting eco-fear formation in response to differently framed environmental framings, while general trait and state anxiety measures did not. The absence of an interaction effect between framing and CCA suggests that people with higher dispositional eco-anxiety do not necessarily exhibit increased susceptibility to different messages framing threat and anticipation, possibly due to the need for more effective messaging but also indicating the robustness of this construct. Interestingly, while we observed similar patterns related to the Consequences framing in consistently increasing fear and intentions to act, compared to the Baseline, the best predictor of intentions flowing this framing was eco-anger, with important implications for the emotion-coping models of climate action and in line with previous accounts on fear, in the absence of an efficacy framing. Lastly, we highlight the unclear relationship between CCA, other eco-emotions, efficacy, and behavioral engagement, and we conclude by arguing that CCA may serve as an adaptive response directly related to actual behaviors, emphasizing the importance of not pathologizing this adaptive reaction.
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In recent years, the emotional experience of climate change has been studied extensively from fields like psychology, theology, sociology, and philosophy. It is crucial to analyze these results for possible vulnerability with regard to well-being. While climate justice research raises awareness of the current (social) situation of the participants in relation to the experience of climate change, the research on climate emotions seems to overlook the participant’s former social situation – their family of origin. Previous studies on injustice have shown however that it is precisely the way people were educated on emotion work that has a significant impact on their experiences and sense of control in the situation. Given the importance of this sense of control for mental well-being, I argue consequently that social origin is a vulnerability for well-being in the (emotional) experience of climate change, perpetuating climate injustice, based on this combination of studies from different epochs. Therefore, in the interest to protect well-being on a warming planet, it is crucial to raise awareness of the impact of social origin.
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1 Introduction

This paper is a philosophical examinations of social upbringing and its’ influence on the psychological situation and emotional experience of climate change and climate injustice inspired by my reading of Moore’s (1979) Injustice: the social bases of obedience and revolt. In this book, Moore argues that a lower position in the social hierarchy is connected to moral submission through social structures and social discourses. Hence, he concludes, that revolt becomes more difficult because of a learned submissiveness to these structures and discourses. While Moore uses the term submission interchangeably for both the submitting power structures and the reaction of the lower classes, I have chosen to differentiate between submission as the act of submitting through social discourse or structural injustice and submissiveness as the reaction through Learned Helplessness. Thus, social power dynamics perpetuate injustice.

The United Nations has included well-being for all ages in the Sustainable Development Goal on health. According to the World Health Organization (WHO), well-being is defined as a positive state that enables individuals “to contribute to the world with a sense of meaning and purpose” (World Health Organization, 2023). As Lynne Friedli points out, this generally also includes positive emotions, cognition, and social relations (Friedli, 2009, 9). Psychology aims to abstract from the evaluation of singular situations and links well-being to a capacity to act (agency) that promotes development (Welzel and Inglehart, 2010). Mental health issues, such as depression, may manifest in a blockage of action (Ehrenberg, 1998). Both studies, the one conducted by Christian Welzel and Ronald Inglehart as well as the one by Alain Ehrenberg, demonstrate a correlation between a sense of agency achieved through actively shaping one’s life on the one hand and feelings of satisfaction and meaning on the other. According to Martin Seligman’s research on Learned Helplessness, an unpredictable environment that cannot be controlled and thereby does not allow for agency, results in depression-like states that leave the research subjects indulging adverse conditions (Seligman, 1972). However, it is important to note that control and agency are not the same thing. Agency, understood as an involvement in the world through practices, includes a sense of control (Yanchar, 2021). Therefore, promoting the well-being of humanity requires empowering individuals to develop their agency, capabilities, and stress resilience. But, as mentioned elsewhere, focusing solely on individuals is inadequate, because, as social animals, human mental health and well-being is heavily influenced by social relations (Kałwak and Weihgold, 2022).

Climate change is commonly known for causing unpredictable and uncontrollable environmental changes, leading to negative consequences for well-being. Recent studies on the issue highlight that climate change particularly impacts the emotional well-being leading to “a chronic fear of environmental doom” (Clayton et al., 2017, 68) or to “grief felt in relation to experienced or anticipated ecological losses” (Cunsolo and Ellis, 2018, 275). This is a particularly concerning issue for young people who, according to a broad study carried out by Hickman and colleagues, are affected by a majority (Hickman et al., 2021). If the WHO aims to promote global well-being, these findings suggest that there are significant issues to be addressed with 84% of the 16- to 26-year-olds being worried about their future. It is important to note that these emotions are based on moral judgments about the missing mitigation of climate change. As noted by Hickman et al., they are prompted by a dissatisfaction with governmental reaction and a feeling of betrayal (Hickman et al., 2021, e817). This also suggests an influence of the social on well-being. As we all share this planet, global warming will affect every human (with vulnerable groups being particularly touched). Therefore, people who feel betrayed call for an ethics of conduct on a warming planet, such as Sustainable Development in its broad understanding (Raworth, 2012).

Climate emotions thus translate the experience of changes in the environmental and social climate. Although important for understanding (mental) health and well-being, findings on climate emotions often neglect social origins. Earlier studies on injustice have identified social origin as a major predictor of the moral and emotional experience (Moore Jr, 1979; Galway et al., 2019). Based on my literature research, I argue, that social origin is a vulnerability in this realm not only because of climate injustices, but also because individuals who have grown up in socially disadvantaged classes and with lower educational status have been shown to react with moral submissiveness to the status quo and will thus deal differently with their emotions than those in socially superior positions. In this article, social origin refers to the social status that a person has had during their upbringing.

Research advances not only through novel insights on new subjects but also by examining a subject through the lens of established or maybe even forgotten theories. Therefore, I have chosen to discuss the current research on climate emotions with results on human reactions to injustice as presented by Moore Jr (1979). The significance of the presented argument should not be overlooked. If social origin affects the way how people experience climate emotions, further research is necessary to understand the implications for concrete lived human experience. This will enable psychology and education to incorporate the findings into prevention and treatment.

As a white researcher from the Global North, I cannot speak for people from the Global South. Therefore, when discussing injustice in this paper, I am addressing those within industrialized capitalist societies in Western Europe. While I have not experienced poverty firsthand, as a part time single mother with strong environmental values and a precarious work contract, I feel that I am in a position to speak on this issue.

To support the argument, that a disadvantaged social origin increases vulnerability to experiencing climate emotions due to the perpetuation of climate injustice through moral submissiveness, we must first demonstrate how social origin affects mental well-being and moral submissiveness to injustice in general. This connection is a necessary condition for the argument. In the second part, we will then discuss the sufficient condition with a specific focus on climate emotions, understood as moral emotions negotiating injustice.



2 Moral submissiveness to injustice and its influence on well-being

As previously mentioned, individual well-being is not solely influenced by personal factors, but also by social surroundings. Sociology has a longstanding tradition of studying the impact of social class differences and Diana Kuh and Yoav Ben-Shlomo demonstrated that the socio-economic origin influences adult physical health (Kuh and Ben-Shlomo, 2004). The limited access to medical care during childhood has long-term consequences on adult health. Yet, we must expect national differences since most European countries have assurance coverage for at least the most important treatments, unlike the United States. However, limited economic resources are not only a problem in the US for accessing the best available treatment. Additionally, Helen Niemeyer and Christine Knaevelsrud have demonstrated that the negative effect of a lower social status on physical health can also be applied to mental health. Although people with a lower social status experience a higher prevalence of mental disorders, they are underrepresented in those who receive psychological treatment (Niemeyer and Knaevelsrud, 2023). As reasons for this the researchers cite a lack of access to psychological treatment, especially in countries like the US that lack a free health assurance, but also the shortage of practitioners worldwide, making it time-consuming and challenging to find one. Social reasons, like accepting that mental problems are eligible for treatment, may also contribute. As a result, care for (mental) health is significantly impacted by intersecting injustices and social power imbalances.

In the aftermath of World War II, sociologist Barrington Moore, Jr. posed the question of whether there exists a human sense of justice (Moore Jr, 1979, 45–49). His findings indicate that all humans respond to perceived injustices, but individuals with a better education, higher self-esteem, and social status are more likely to get angry and take action, while those with lower education, self-esteem, and social status, are more likely to accept the situation as a given and submit to it. Moore, Jr. links a low social status to low self-esteem because he sees a prevailing social discourse that maintains the existing hierarchy. For instance, in his example of the Untouchables in India, we can observe how religious and social rules are not only followed, but also enforced by the Untouchables themselves on individuals from other backgrounds who question these rules, because the former believe in karma (Moore Jr, 1979, 56–57). Moore, Jr. deduces that suffering has a moral authority (Moore Jr, 1979, 64) and he concludes that moral outrage, i.e., the emotional experience of other people’s infringement of rights and privileges (Goodenough, 1997), is an experience of people with a higher status. In other words, individuals with a lower social status may develop Learned Helplessness in Seligman’s sense, and attribute a moral value to their circumstances. Conversely, those with a higher social status learn that their involvement in the world can affect change and thus experience agency. Individuals from the lower socioeconimic classes not only submit to the injustices but they are also more likely to suppress their emotions. According to Arlie Hochschild, this is due to the fact that lower status jobs often require greater control and emotional labor (e.g., when handling explosives), while decision makers have the privilege of taking their emotions and values into account (Hochschild, 2012, 153–56). Moral submissiveness and emotion work may be considered as coping mechanisms when individuals are unable to respond to unjust situations by other means. However, individuals from socially disadvantaged backgrounds are more likely to experience additional injustices. Therefore, I argue that there is a vicious circle of structural social disempowerment and moral submissiveness perpetuated by Learned Helplessness, which reinforces injustice.

Moreover, research in psychology by Michael Kraus and colleagues has shown that the social class shapes people’s experience of social interactions in general with “potentially far-reaching consequences for overall health and well-being, particularly for people of lower social class.” (Kraus et al., 2011, 1,385) Most importantly, this paper highlights that individuals from lower social ranks are more likely to perceive situations as hostile than their higher-ranking counterparts. Combining these findings with the information presented earlier, it can be concluded that individuals in lower social classes must engage in even more intense emotion work to regulate their emotions. This is because on the one hand, they learned to suppress their emotions while, on the other, perceiving situations as more hostile. Therefore, it can be inferred that individuals with a lower social status constantly experience higher levels of tension and pressure.

All of these examples demonstrate an awareness in the research subjects of their agency in the particular situation they are discussing. Agency, as defined by Stephen Yanchar involves engagement in the world through practices (Yanchar, 2021) that are influenced by past events and oriented toward the future, as noted by Emirbayer and Mische (1998, 962). However, the research cited above primarily refers to individuals’s current situation, even though these are informed by past experiences. Moore, Jr.’s example of the Indian Untouchables, who submit to the idea of being dirty and will step out of the way of people from other castes (Moore Jr, 1979, 54–55), illustrates how a lack of agency informed by past experiences and a prospective future that remains unchanged is turned into an acceptance of and submissiveness to the social rules inflicted upon these people, perpetuating injustice.

In support of this, there is evidence to suggest that upbringing can influence one’s ways of experiencing. As Arlie Hochschild points out, the family serves as the “training ground” (Hochschild, 2012, 156) for future work environments. With reference to sociolinguist Basil Bernstein’s research results1, Hochschild points out that a family culture that uses restricted code, such as ‘You have to do this because I am your father and I say so!’, prepares the child for a work environment in which they will have to follow rules. On the other hand, an elaborate family code, such as ‘Could you please close the door, I am freezing.’, persuades the child to choose the ‘right’ action (Hochschild, 2012, 157), thereby creating agency and preparing them to take on responsibilities in the workplace. Although there is still a (social) expectation for the child to comply with the parent’s request in the latter case, the child is provided with more information and addressed in a way that acknowledges their empathetic abilities. This approach does not only foster sympathy but also a sense of agency, which can both be limited when a child is given rigid orders to follow and expected to adhere to a strict hierarchy.

The flexibility of the family hierarchies is not solely a question of family culture. Sturctural contingencies that limit families with lower income also play a role, as previously mentioned in relation to accessing medical help. Research has shown that parents who work non-standard times and/or several jobs to support their family, and might still struggle to provide enough food, experience feelings of overwork and stress that directly impact their children’s well-being (Strazdins et al., 2004; Hudson, 2016). When parents are forced to be away for extended periods of time, they are unabled to create a secure bonding environment for their children. The attachment with parents and other significant adults, however, creates a sense of security that is important for developing the ability to cope with adversities in adulthood, as has been shown by Rasmussen et al. (2019). Children learn by example how to deal with stress and insecurity, and how their parents are handling the injustice. Therefore, they will require support from other sources to learn how to depend on presence of others for support.

Although, there is a strong correlation between the social origin and adult social status, it important to note that this is not predetermined. Not only are there examples of parents living in poverty who manage very well to provide a safe environment for their children, but there are also other adults and attachment figures who play a significant role in a child’s well-being. As a result, it is important to understand these research findings as general tendencies (vulnerabilities) rather than as causal links.

In summary, research from psychology, sociology, and linguistics indicates that social status and social origin influence how individuals perceive their agency, which is an indicator of well-being. Those who grew up and lived in a higher-ranking social class are more likely to feel moral outrage when confronted with injustice and take action, while those from lower-ranking social classes tend toward moral submissiveness and may not act. Considering that the perceived agency is correlated with well-being, it can be concluded that the social origin is a vulnerability when facing injustice. As we live on a warming planet, we will now apply these findings to climate emotions. To do so, we have to first establish a link between climate emotions and justice.



3 Social origin as vulnerability for climate emotions

Regarding climate change, research on climate justice alerts to the increased vulnerability of people(s) and communities with lower social status who are exposed to a greater number of risk factors, such as raising sea levels, droughts, and air pollution, which also affect their health (Agyeman et al., 2007; Whyte, 2017; Bhavnani et al., 2019; Roberts-Gregory, 2021; Sultana, 2022). Vandana Shiva notes, that children and women are particularly vulnerable within these groups (Shiva, 2014). The American Psychological Association has observed a link between physical health and chronic stress caused by climatic changes (Clayton et al., 2017, 23–24). The intersections, in the sense of interactive constituation and interlocked character of multiple injustices (Cho et al., 2013, 787), of living in a geographic region that experiences severe impacts of global warming, having lower income or communal resources, and being part of a socially suppressed population (such as Indigenous, Black, or disabled individuals) lead to a higher level of stress in the face of climate change (Clayton et al., 2017, 31). While these correlations certainly cannot be generalized or even understood as causal, the intersecting vulnerabilities of this part of this population segment have a greater impact on physical health and well-being because stress in the face of climate change affects them more heavily than it does socially dominant groups. As previously mentioned, it can be expected that poorer citizens have less resources to respond to these impacts. However, it is needless to say, that there are examples of movements from disadvantaged social groups and minorities that have defied injustices and climate change (e.g., Méndez, 2018).

As previously stated, research on climate emotions has thus far overlooked the social origins of their participants. However, there are differences in their capacities to respond to climate injustices, whether financial or other. As a result, the emotional experience of climate change vary necessarily as well. Climate emotions are here defined, with allusion to Despret (2022, 324), as a negotiation of the personal relationship with the social and environmental climate. Climate change has widespread normative implications for individuals and political leaders that concern environmental ethics, but also climate justice. Consequently, climate emotions have a distinct moral character, as they involve the emotional negotiation of injustice. Therefore, I argue that an individual’s social origin can also impact their likelihood for experiencing climate emotions and their resulting sense of well-being, based on their perceived agency or lack thereof.

As discussed, there are various emotions that arise when confronted with (information on) climate change and environmental disruption, such as eco-anxiety, environmental grief or betrayal.2 Negotiating the relation with the social and environmental climate including their normative implications, these emotions can be considered as moral emotions. The definition of moral emotions is broad. While Anthony Steinbock defines them as interpersonal feeling experiences (Steinbock, 2014, 12), Florian Cova et al. list five senses of the concept for clarification: emotions that (1) are directed toward a moral object, (2) increase knowledge about moral facts, (3) are a motivation for moral action, (4) foster the moral standards in society or individuals, or (5) are subject to moral assessment (Cova et al., 2015). Regarding climate emotions, all of these senses of the concept apply. They are (1) directed toward promoting a sustainable lifestyle within an unsustainable society, (2) increasing knowledge about climate change3 and Sustainable Development, (3) motivating to mitigate climate change, (4) fostering societal responsibility for Sustainable Development, and (5) are highly morally charged, which can lead to feelings of judgment and shame in others, as Budziszewska and Kałwak (2021) and Neckel and Hasenfratz (2021) have shown.

These understandings of moral emotions can be applied to the research on climate emotions. One striking example might be the work of Hickman and colleagues who discuss the feelings of betrayal by politics among young people (Hickman et al., 2021). This concerns the moral object of generational justice, which was already anticipated by Hans Jonas. Jonas called for future generations to be taken into account when discussing the permanence of human life on Earth (Jonas, 1984, 36). Hickman’s research participants have come to the realization that they will experience climate change more severely than their parents, which will limit their life choices. This is a ristriction the older generations did not face.

Similarly, climate anxiety is rooted in the concern for the right to live and the injustice of younger generations facing an uncertain future. The theoretical presupposition for this is evolutionary theory and the drive for survival. Especially psychoanalytical papers such as Hickman et al.’s discuss this as a normal reaction in this context (Hickman et al., 2021, e863). The statement presupposes that climate change is a threat to human survival, eliciting strong emotional responses that are uncontrollable and often subconscious. Therefore, it is inferred that climate emotions reflect the innate sense to preserve human life, creating a societal responsibility to protect life on Earth.

When discussing environmental grief, the connection with a moral object may not be as apparent, but it is still present. There is also a very strong claim for justice in extending grievability, a term coined by Judith Butler, to the more-than-human world, as does Cunsolo (2012). According to this claim, the hierarchies established by Western cultures4 have established between human and non-human animals as well as the non-animal environment are not justified within a biocentric worldview. This means that, unlike Jonas, who maintained an anthropocentric approach to the question of responsibility and justice, Cunsolo places life at the center of her theory. It may be debatable when applied generally, but for the case of environmental grief it seems justified as the author has worked with Indigenous peoples who have a different worldview and subsequently different feelings about it than those who have been brought up in a Western culture.

According to this argument, climate emotions can be considered moral emotions that negotiate the injustices of our social and environmental climate. These emotions are related to hierarchies and power imbalances based on factors such as age (generational justice), (economic) status (individual, regional, and national), and species membership. As with other justice-related issues we discussed above, climate emotions should induce either moral outrage or moral submissiveness. This is the case for climate activism that is not only justified by reason, but also with allusion to outrage, as shown by Antadze (2020). Psychological professionals tend to “prescribe” activism because it raises agency and thereby individual resilience (Kałwak and Weihgold, 2022, 6). At the same time, climate inaction is often attributed to conformity with the socially displayed status quo and “fear of becoming an outsider,” as explained by Norgaard (2011, 97). Without knowledge about the social origin of Norgaard’s research participants, it is possible that this is an expression of maintaining their privileges. However, it is argued here that the issue may not solely be rooted in fear, but rather in a long-term experience of lacking agency to change their status (Learned Helplessness (Seligman, 1972)). Individuals from less privileged social backgrounds may internalize a lower sense of agency while growing up, making it more likely for them to submit to their circumstances and morally justify and perpetuate the injustice they face. In this case, social origin could be a vulnerability for experiencing climate emotions or even denialism since individuals may be less resilient and ill-equipped to deal with the situation of climate change.

A possible counterargument may be that this type of reasoning is subject to similar issues as Marxist determinism of social structures: there can be no change and a person’s future social status is always predetermined by their origin. However, there are examples of climate movements, such as those in Bolivia and Ecuador, that originated from Indigenous communities historically of lower social status than the colonizers. These movements gained enough importance as to influence a change in the constitution of their respective countries (Acosta, 2017). As with other grassroots social movements, such as the civil rights movement in the US in the 1950s and 60s, lower social classes may eventually fight for equal rights. However, it is important to note that this does not imply causality, but rather a tendency to moral submissiveness and acceptance of the status quo. Another point to consider is that these movements are socially organized, while submissiveness to an unjust situation often leads to atomization of the social group, as Moore, Jr. points out (Moore Jr, 1979, 65). Therefore, if a social group with a lower status can overcome social submission and cooperate, they have the potential to change the social norms.

To summarize, we have argued that climate emotions are ultimately about justice, particularly in relation to generation and species. Therefore, the findings presented in the previous section on how individuals from diverse social origins address issues of injustice, should also apply to climate emotions. Consequently, individuals with a higher social status during childhood are more likely to exhibit moral outrage and activism, while those a lower social origin tend to display moral submissiveness and inaction. This conclusion is concerning because individuals who benefit from their higher status in the hierarchy may be less likely to act against injustice, as doing so could put them at disadvantage. Moral submissiveness and inaction leading to reduced agency and eventually to forms of depression on the other hand could make individuals vulnerable to climate emotions. It is important to conduct more (empirical) research to determine the relevance of this argumentation for lived experiences. This will enable psychological professionals to take appropriate measures.



4 Conclusion

The present article argued that individuals from a disadvantaged social origin may be more vulnerable to experiencing climate emotions, due to their increased likelihood of moral submissiveness to injustice that perpetuates unjust situations. To demonstrate this, we have first investigated research on the influence of social class and origin on (mental) health and well-being in general. We focused then on Barrington Moore, Jr.’s research, which revealed how injustice is maintained through the acceptance of and submissiveness to the prevalent social discourse, even though one is subject to its injustice.

In a second part we considered the implications of the current debate of climate emotions. Negotiating the implications of global warming on the changes in the social and natural climate, these emotions have been shown to have a moral character. Additionally, drawing on results from the climate justice debate, we can assume that low social status intersects not only with physical health risks due to climate change but also with vulnerabilities to well-being. Based on these findings, it can be inferred that individuals with a lower social origin may be more susceptible to submit to the injustices of climate change, further exacerbating their vulnerability.

These findings are important, because they support the need for more psychological and sociological research on the subject of climate emotions. If a disadvantaged social origin increases vulnerability to climate emotions, it should be studied more closely to identify ways to mitigate the impact on well-being, in line with the Sustainable Development Goal on Health and Well-Being.
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Footnotes

1   I am aware, that Bernstein’s wording and worldview are highly debatable and I do not subscribe to his statement that lower classes are poorer in language, but I still think that Hochschild’s point is valid, when applying Bernstein’s findings, that a family who uses an elaborate code will create a different sense of agency in their children than a family who uses a restricted code.

2   There is a broad variety of climate emotions that is discussed in literature. The present paper has consciously restricted the number of concepts discussed for more clarity.

3   Following Thomas Potthast, climate change can count as an epistemic-moral hybrid (Potthast, 2014).

4   The author is aware of the critique that has been addressed at the concept of culture, but since this paper is written from a Global North perspective, I have chosen to keep the term.
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Climate change has emerged as a tough challenge affecting the world’s society and economy in the twenty-first century. Furthermore, it has been determined that global warming and climate change have detrimental effects on human health both physical and psychological. In this framework, eco-anxiety has emerged as a new construct to assess the distress in relation to climate change and its effects. In the current article, after a study of the literature regarding both eco-anxiety and generativity related to environmental issues, in the search for a healthy response to eco-anxiety, we propose the construct of eco-generativity as a sustainable development-related concept for the health of planet earth and people in the present and in the future. Accordingly, we explore the definitions of generativity in relation to the ecological environment, examining the development of the concept in accordance with the most recent research. Subsequently, according to the lens of psychology of sustainability and sustainable development, we propose key elements of eco-generativity in terms of construct and measures. Finally, a research agenda for future research and intervention on eco-generativity is provided.
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Introduction

Nowadays, dealing with the global climate crisis is the most crucial issue for 21st century societies and economies, as well as a major concern for environmental and human health (e.g., Morrison et al., 2022; Heeren and Asmundson, 2023). Climate change is shift in temperature and weather variability, including a rise in the frequency and severity of extreme environmental events (Mariappan et al., 2022). Downstream implications of climate change impact the environment (e.g., forest degradation, desertification, forest fires, lack of freshwater supplies, decreasing ecosystem functionality and biodiversity) negatively impacting economic growth and human health (Watts et al., 2021). The health of populations is damaged in several ways (World Health Organization, 2021; Nadeau et al., 2022), with a widespread magnitude of negative psychological effects (Palinkas and Wong, 2020). Global warming and climate change have been recognized to “deleteriously affect many aspects of planetary and human health.” (Nadeau et al., 2022, p. 1087). As a result, resilience to climate change is a keyword that firmly informs sustainability research (e.g., Satterthwaite et al., 2020).

The latest released reports by the United Nations Intergovernmental Panel on Climate Change (IPCC) have highlighted that the goal to limit global warming could be attained if climate neutrality (i.e., worldwide zero carbon emissions) was attained between 2030 and 2050 (Intergovernmental Panel on Climate Change, 2022). Despite this, global temperatures will continue to rise until 2050, albeit many climate preventive actions have been planned (Intergovernmental Panel on Climate Change, 2022). Thus, concerns about a sustainable future for life on earth are becoming one of the most compelling worldwide scientific, political, and informative debates (Cianconi et al., 2023). In turn, a widespread emerging research line in applied psychology has examined anxiety, worry, and concerns that individual has experienced in facing the challenges of climate change (e.g., Boluda-Verdú et al., 2022).



Eco-anxiety

In this scenario, a growing body of literature have highlighted an emergent psychological phenomenon concerning the climate crisis, labeled “eco-anxiety” (Boluda-Verdú et al., 2022). Eco-anxiety is defined as “a chronic fear of environmental doom” characterized by worries regarding the inadequacy of climate actions and adverse effects of warming crisis (Clayton et al., 2017, p. 68). Other labels used by researchers interchangeably are climate anxiety (Boyd et al., 2023), climate change worry (Stewart, 2021), environmental distress (Higginbotham et al., 2006), ecological stress (Helm et al., 2018), and ecological grief (Cunsolo and Ellis, 2018). Data from a cross-national survey on adolescents revealed that 59% of them were very or extremely worried about climate change and more than 45% had impairment of everyday functioning (e.g., affecting ability to work and/or socialize) due to eco-anxiety (Hickman et al., 2021). Similar results have been observed in adults (Clayton and Karazsia, 2020) and observed around the globe (e.g., Gibson et al., 2020; Hajek and König, 2022; Heeren et al., 2022; Massazza et al., 2022; Tam et al., 2023).

Starting from this growing phenomenon, scholars have developed measurement tools to investigate eco-anxiety. In this light, the most widely used tool (Boluda-Verdú et al., 2022) is the Climate Change Anxiety Scale (CCAS) (Clayton and Karazsia, 2020), a 22-item scale measuring difficulties caused by the changing climate on four factors with adequate reliability: difficulties both on a cognitive level and on an emotional level, impairments on a functional level, personal experience of climate change, behavioral engagement. A brief version of the CCAS, enclosing a 13-item reliable two-factor structure, was advanced by Mouguiama-Daouda et al. (2022). Stewart (2021) proposed the Climate Change Worry Scale (CCWS), a 10-item unidimensional scale measuring worry (persistent, repetitive, and uncontrolled thoughts) about climate change, concerns on future changes that climate may bring, and dysfunctional responses to worries, showing a one-factor solution with good psychometric properties (Stewart, 2021). Other scales that can be found in the literature were all created ad hoc for research, with psychometric properties partially demonstrated and needing further study: Climate Change distress scale (Searle and Gow, 2010); Habit Index of Negative Thinking adaptation (Verplanken et al., 2020); Negative climate-related emotions (Ogunbode et al., 2021); Eco-emotion scale (Stanley et al., 2021). Even though eco-anxiety has been studied and operationalized in the most recent literature, it represents an ongoing challenge for sustainable development and sustainability research (e.g., Wang et al., 2023). Furthermore, researchers could embrace also different lens to study the psychological perspective of individuals that are living such adversities. For example, embracing a positive-oriented perspective, also in terms of sustainable development (Seligman and Csikszentmihalyi, 2000; Di Fabio, 2017; Di Fabio and Rosen, 2020), focusing on the psychological resources that individuals have at their disposal to cope with climate change anxiety. This perspective could open new research trajectories applying positive psychological resources to promote sustainability and sustainability-related processes for the health and well-being of individual/s and the environment/s.



The psychology of sustainability and sustainable development

During the last 10 years, sustainability science has emerged as a novel academic discipline that addresses the challenges related to sustainable development through transdisciplinary lens, integrating natural, applied, and social sciences, as well as humanities (Rosen, 2009, 2017; Dincer and Rosen, 2013). Sustainable development is traditionally focused on strategies that could preserve the planet’s heart and human society from the ever-increasing degradation of environmental resources, promoting the protection of the environment and its ecosystem in the future (Rosen, 2017). Nowadays, sustainability science (Rosen, 2009, 2017; Dincer and Rosen, 2013) participates directly and contributes to United Nations (UN) 17 Sustainable Development Goals (SDGs), bringing its contribution to overcome the major challenges including environmental degradation, climate change, and human well-being (United Nations, 2022). More recently, a novel research area has stemmed from the sustainability science realm, namely the psychology of sustainability and sustainable development (Di Fabio, 2017; Di Fabio and Rosen, 2018, 2020): it proposes to integrate psychological lens in the advancement of sustainability and sustainable development. Additionally, the psychology of sustainability and sustainable development offers a psychological outlook accounting for many environments (Di Fabio and Rosen, 2018, 2020) and their interrelationships, starting from natural environment and its ecosystem including other environments such as personal/individual, social, organizational, community, digital, cross-cultural… up to global environment. Moreover, the psychology of sustainability and sustainable development is aimed at supporting the principle that sustainable processes have to be handled both by adhering to ever-decreasing supply of resources and even by regenerating resources following a positive-oriented approach (Di Fabio, 2017, 2022).

Therefore, according to this perspective, it sounds useful to switch views in studying the climate crisis concerns. This switch pertains to detecting positive variables that could regenerate psychological resources, and facilitate adaptive processes related to sustainability and sustainable development. In turn, focusing on positive psychological variables could help individuals in overcoming the limitations of focusing only on stagnation and/or negative affective states. As a result, embracing a positive-oriented approach could be not only a strategy to help individuals overcome the current environmental concerns but also to expand the field of sustainability, exploring psychological processes and resources able to open more profitable opportunities based on enhancing well-being and health of individual/s and environment/s. Eco-generativity is promising in this perspective as a viaticum to build a constructive proposal more generally, and it may be so in relation to eco-anxiety as well.



Eco-generativity

In recent years, researchers have extensively studied the construct of generativity (Thomas and Tee, 2022) also outside the traditional boundaries of personality research (e.g., Doerwald et al., 2021; Wiktorowicz et al., 2022). However, despite environmental and ecological issues constitute a major global concern, only a handful of studies also investigated ecological generativity (e.g., Schoklitsch and Baumann, 2011; Alisat et al., 2014).

Eco-generativity is a concept that, on one side follows the evolution of the construct of generativity, which was first provided by Erikson in 1963; on the other side it extends the idea of generativity to the environment and the natural world and deals with passing the environment to subsequent generations, assisting the future of humankind (Schoklitsch and Baumann, 2011).

Focusing on the construct of generativity in the scientific literature, also reporting relevant moments of enrichment of the perspective, the starting point to consider is the contribution of Erikson (1963, 1968, 1974, 1980, 1982, 1986). According to Eriksonian psychosocial stages and tasks, generativity is the seventh of eight personality development phases opposed to stagnation. Generativity is defined by Erikson as “the establishment, the guidance, and the enrichment of the living generation and the world it inherits” (Erikson, 1974, p. 123), and it is in relation to adults capable to define a perspective of being engaged in long-lasting affective interpersonal partnerships, and able to dedicate themselves to the next generations, nourishing and guiding them (Erikson, 1963, 1968). Furthermore, generativity deals with the capacity to provide a creation of the adult self, as a kid, a book, an idea, or a piece of knowledge that is deliberately and unselfishly shared with others and made to leave something behind, encouraging generational continuity (Erikson, 1963, 1968). Afterwards, scholars have gone beyond the notion of a “generativity stage,” emphasizing the presence of several facets of generativity, capable to be present in the individuals’ personality from early to late adulthood (McAdams et al., 1993). McAdams et al. (1986) conceive generativity as a two-step process, containing elements of caring for subsequent generations and agentic aspects of leaving an entail of self beyond death. McAdams and de St. Aubin (1992) proposed the theory of generativity to illustrate generativity as a multidimensional personality construct composed of seven facets that could be exhibited in early, middle, or elder adulthood: (1) cultural demand; (2) inner desire; (3) concern for the next generation; (4) belief in the goodness of the human species; (5) generative commitment; (6) generative action; (7) narration of generativity (McAdams and de St. Aubin, 1992). They are individually arranged, elicited by psychosocial demands (e.g., environmental, biological, psychological, social, cultural) and addressed to the goal of nourishing the following generation.

From another point of view, Kotre (1984) differentiated four distinct forms of generativity, removing any form of restrictions based on age or societal roles: biological (e.g., nursing children), parental (e.g., providing food, clothes, love, and discipline), technical (accomplished by teachers transmitting skills), and cultural (teachers who transmit not only skills but their meanings) (Kotre, 1984).

Another group of scholars (Bradley, 1997; Bradley and Marcia, 1998; Morselli, 2013; Morselli and Passini, 2015) focuses on the links between future time perspective (Zimbardo and Boyd, 1999) and generativity, projecting themselves into the future being aware of future consequences nurtured by social responsibility. Following these premises, Morselli and Passini (2015) proposed the concept of social generativity describing an inclusive attitude towards society, not only a set of purposes fueled by personal and instrumental goals (Marcia, 2010), but rather the responsibility for successive generations being involved in actions in the present in favor of the community’s future. Lastly, a recent systematic review of literature (Doerwald et al., 2021) has underlined that generativity has a valuable role in the workplace and it was associated with a large array of work-related outcomes and well-being, suggesting including it in the area of the positive psychological resources.

Currently, an increasingly interesting space is emerging in relation to the application of generativity to environmental challenges. In the literature McAdams and de St. Aubin (1992) included environmental issues in generative concerns as motivational sources for pushing individuals towards generative actions but they did not further expand this concept. Schoklitsch and Baumann (2011) provided the first overlook on ecological generativity although considering it as the third factor of a broader measurement model together with Kotre’s (1984) four forms of generativity. Alisat et al. (2014) explored relationships between generativity and individual response to environmental issues observing that generativity was positively associated with environmental identity, environmental narratives, and strong feelings of connection with nature. However, the aforementioned authors did not further expand the concept in terms of ecological generativity. The lack of clear concepts and measures associated with ecological generativity, also without a multi-dimensional operationalization of the construct, may have limited the research and the chance to deeply explore the relationship between ecological generativity, positive psychological variables, well-being, and sustainable-related variables, highlining an open issue regarding the measure of the construct.



Measuring eco-generativity

With the present contribution, we advance new coordinates to expand the scenario in terms of eco-generativity, enriching the perspective in line with the principles of the psychology of sustainability and sustainable development (Di Fabio, 2017; Di Fabio and Rosen, 2018, 2020).

By reviewing the materials available in the literature to measure aspects linked to this construct, three empirically validated measures are available in relation to different aspects involved. The first one is the ecological generativity factor, included in Gen-Current (current generative concerns) and Gen-Life (lifetime generative concerns) questionnaires (Schoklitsch and Baumann, 2011), two 29-item mirror measures composed of four factors: technical, cultural, social, and ecological generativity. The Ecological generativity factor covers the following concerns: (1) Use the energy wisely; (2) Leave a clean environment behind; (3) Live ecology-minded; (4) Keep waste to a minimum; (5) Purchase organic food; (6) Take care of animals; (7) Aid social institutions generativity (Schoklitsch and Baumann, 2011).

Another measure linked to another facet of Eco-generativity is the Social Generativity Scale (Morselli and Passini, 2015), covering aspects of eco-generativity since social generativity encloses concerns about future generations and the impact of individual behaviors on the community’s future. Social Generativity Scale showed a reliable unidimensional factor structure being composed of six items about: (1) undertaking initiatives to maintain the planet for the benefit of the next generation; (2) having sense of responsibility to support the neighborhood in which individual lives; (3) donating a portion of everyday commodities supporting the growth of future peoples; (4) being committed to ensuring the wealth of succeeding generations; (5) dedicating oneself to activities that survive even after individuals pass away; (6) assisting individuals in personal improvement (Morselli and Passini, 2015).

The third measure linked to another facet of Eco-generativity is the revised Environmental Identity scale (IED-R) (Clayton et al., 2021). Eco-generativity encloses features of environmental identity since it is composed of identity concerns associated with the natural world (Alisat et al., 2014). Furthermore, generativity, environmental concerns, and identity are strongly associated and mutually influential (Milfont and Sibley, 2011; Matsuba et al., 2012). The IED-R (Clayton et al., 2021) is a 14-item scale assessing cognitive, behavioral, and emotional aspects of how individuals view their relationship with nature, developed from the original 24-item environmental identity scale (Clayton, 2003), showing superior psychometric prosperities, cross-cultural validity, and adequate factor structure. It covers aspects associated with considering oneself a part of nature, devoting resources to protecting the context of nature, living a sustainable lifestyle, and feeling relaxed in nature (Clayton et al., 2021). Thus, these three measures could constitute a starting point to promote research examining facets of eco-generativity and its relationship with psychological processes associated with sustainability and positive psychological variables.



Advancing a sustainable development-related concept of eco-generativity

As a first step, we defined the construct of eco-generativity as a specific form of generativity. This hallmark could be represented on the one hand by ecological concerns, following McAdams and de St. Aubin (1992). On the other hand, we have to include the social dimension of generativity (Morselli and Passini, 2015) since eco-generativity encapsulates a future-time perspective of care for environment and people, caring of the natural world as a fully livable and healthy environment for future generations, also including engagement in activism to preserve the environment.

These two faces of the current construct of eco-generativity appear consistent with the psychosocial lens of generativity theory, being ecological concerns activated by cultural demands and contingent aspects of the everyday life of the XXI century.

A second step in defining the eco-generativity construct requires a reflection on two concepts strictly related to eco-generativity. Environmental identity, as well as belief in the goodness of the human species to activate the passage from generativity concerns to generative commitment, actions, and narratives (McAdams and de St. Aubin, 1992) seem critical elements also in terms of positive motivational aspects of confidence and of success in the future. They could be necessary for having and renovating psychological domains (cognitive, emotional, and behavioral) (Matsuba et al., 2012; Alisat et al., 2014) in favor of eco-generativity. The environmental identity could be well reflected by the Clayton et al.’s (2021) construct assessed via the trustworthy and psychometrically sound 14 items of IED-R, as previously introduced. Regarding the belief in the goodness of the human species being a non-operationalized construct, it could be covered by the empirical construct of Hope (Snyder et al., 1991). The Hope Scale (Snyder et al., 1991), is a 12-item questionnaire with a reliable two-factor structure: Agency as a feeling of accomplishment in achieving objectives in the past, present, and future; Pathways as the ability to create effective strategies to achieve objectives (Snyder et al., 1991).

In general, a sustainable development-related concept of eco-generativity could encompass two core features encapsulated in the constructs of ecological generativity (Schoklitsch and Baumann, 2011) and social generativity (Morselli and Passini, 2015), addressing the major eco-generativity concerns and two additional features represented by environmental identity (Clayton et al., 2021) and hope (Snyder et al., 1991).

Another important step asks for the right placement of generativity in the hierarchy levels of personality-related domains, conceptualizing it as a personality-related domain that is separated, even though associated with personality traits. In the literature, recent studies (Navarro-Prados et al., 2018; Serrat et al., 2018; Millová et al., 2021) underline these relationships. Furthermore, Doerwald et al. (2021) conducted a meta-analysis where generativity emerges as a positive psychological resource positively associated with work-related outcomes. According to that, eco-generativity could be conceptualized in a positive strength-based perspective (Di Fabio and Saklofske, 2021) as a positive psychological resource implementable via specific training. Nevertheless, all the advanced steps require empirical investigation to be satisfactorily explored; therefore a research agenda for eco-generativity needs to be drafted for promoting the study of its relationship with health, wellbeing, and positive psychological aspects related to the natural world, environment, and sustainability.



An eco-generativity research agenda

To cope with the challenge of the global climate crisis and several environmental issues, a new construct in the generativity framework is proposed: eco-generativity. Stemming from a generativity perspective (e.g., McAdams and de St. Aubin, 1992) it could be composed of four constituents: ecological generativity (Schoklitsch and Baumann, 2011), social generativity (Morselli and Passini, 2015), environmental identity (Clayton et al., 2021) and hope (Snyder et al., 1991). To be effectively introduced into the research landscape, the construct of eco-generativity should be investigated through a research agenda. It could enclose five points.

	a. An in-depth study of the factor structure of the construct implementing psychometric analytic strategies.
	b. An investigation on antecedents and outcomes of eco-generativity to better clarify the role of environmental identity and hope.
	c. An examination of relationships among eco-generativity and relevant personality construct and/or intrinsically related, such as personality traits (Costa and McCrae, 2008), emotional intelligence (Petrides and Furnham, 2001), and perfectionism (Hewitt et al., 1991; Feher et al., 2020).
	d. An analysis of relationships between eco-generativity and positive psychological resources, such as empathy (Davis, 1980), compassion (Goetz et al., 2010), life satisfaction (Diener et al., 1985), meaning in life (Morgan and Farsides, 2009), flourishing (Diener et al., 2010), humor (Martin et al., 2003; Ruch et al., 2018).
	e. A reflection on the value to introduce eco-generativity in the domain of positive psychological resources, positive strength-based perspective (Di Fabio and Saklofske, 2021), as well as in a positive preventive perspective (Di Fabio and Kenny, 2019).

Overall, the purpose of the current agenda is to promote the study of eco-generativity (Di Fabio and Svicher, 2023a,b) as a promising construct in the psychology of sustainability and sustainable development area, favoring its understanding and development to take a constructive perspective on coping with concerns associated with climate and environmental issues.



Conclusion

Global climate change and its linked impacts, such as global warming and acute and extreme weather events, are all well-documented hazards to human health and well-being (Centers for Disease Control and Prevention, 2022). Moreover, these impacts are widespread and cumulative, burdening the psychological well-being of humanity (World Health Organization, 2021). In such a scenario, the new concept of eco-anxiety has advanced, enclosing worry for the environment and severe individual impairments (Clayton and Karazsia, 2020). Differently, eco-generativity entails caring for future environments and generations, acting from the present, as well as fostering environmental identity and hope. In this light, eco-generativity could also be a healthy response to the insecurity and stagnation arising from eco-anxiety, reinforcing the psychology of sustainability and sustainable development in helping individuals to cope positively with environmental challenges.

Through this approach, eco generativity could represent a promising candidate to enrich the study of the relationships between positive psychological resources and psychological coordinates of sustainable development (e.g., Di Fabio and Rosen, 2018, 2020). Accordingly, sustainable development from a psychological point of view is also related to promoting the health and wellbeing of individual/s and their environment/s, fostering positive connections between people and the natural world to support sustainability efforts and well-being. Future research perspectives could investigate the relationship between eco-generativity, well-being, health, and eco-health variables. Thus, eco-generativity could be a new positive-oriented variable for fostering psychological strengths, assisting individuals in their well-being as well as in taking care of the sustainable development of planet earth.
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While much research has examined the correlates of climate change beliefs from an alarmist perspective, less work has systematically measured climate change skepticism. This study aims to create a comprehensive tool capturing climate skeptics’ beliefs and test its association with individual difference variables. 502 European adults completed a 22-item questionnaire on climate change (CC) skepticism as well as measures of ambiguity tolerance, belief in a just world (BJW), dark-side personality traits, and self-esteem. Principal components analysis revealed a four dimension structure of CC. Political ideology was the most consistent and significant predictor across the climate change skepticism factors. Dark-side traits, also played a role. Future research should further validate this measure and explore how climate change information could be tailored to different audiences. Understanding the nuances and causes of climate skepticism can enable more effective communication to promote sustainability.
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Introduction

Anthropogenic climate change is a momentous challenge, with grave consequences for human societies and the natural ecosystems. Despite overwhelming consensus from the scientific community and frequent alerts as to the dangers of current fossil-fuel based practices, a large number of people continue to resist policies intended to curb carbon emissions. A section of the public is unwilling to incur the costs of changing energy sources. However, the most alarming are those who oppose solutions to climate change because they do not believe the assertions made by scientists that anthropogenic climate change is real (Bolsen et al., 2015; Douglas and Sutton, 2015; Carmichael and Brulle, 2017).

As a result, climate change remains a highly divisive issue. This has led to various labels attached to people like “alarmists” and “deniers”: the former insisting on immediate and dramatic changes around a wide range of behaviors, while the latter deny many of the central claims of the climate change scientists. One central question of interest is what personal characteristics are associated with these two extreme groups. Also, nearly all studies concerning beliefs about climate change use statements and concepts from an “alarmist” position while this study does the opposite using primarily “denial” concepts.

There are also other less extreme groups that could be labeled “skeptics” who challenge some of the scientific reports and recommendations and the “concerned” who are worried by, and eager to reverse, some aspects of climate change. Whether a government chooses to initiate mitigation and adaptation policy efforts highly depends on public beliefs and perception of climate change risks. Consequently, research efforts have primarily concentrated on the deniers who, it is suggested, are essentially conspiracy theorists (Hornsey et al., 2018). Strong oppositions from this portion of the public have thwarted efforts to create a low-carbon economy and have caused controversy for a number a renewable energy development (Devine-Wright et al., 2022).

Inevitably, the public debate on climate change has attracted researchers from many different disciplines (Leiserowitz, 2006; Egan and Mullin, 2012; Goeminne, 2012; Leiserowitz et al., 2013; Bolsen et al., 2015; van der Linden, 2015; Dunlap et al., 2016; Pepermans and Maeseele, 2016; Carmichael and Brulle, 2017; Lahn and Sundqvist, 2017; Saunders, 2017; Uscinski and Olivella, 2017; Sellbom et al., 2020; Zummo et al., 2020; Tangney, 2021). This literature seems to have been dominated by philosophers, political scientists and sociologists who inevitably focus on the issue through their particular theoretical and research lenses. Although there is a great deal of work by psychologists on conspiracy theories and inoculation from climate change disinformation (Uscinski and Olivella, 2017; Cook et al., 2018; Compton et al., 2021), less work has been dedicated to measuring climate change skepticism in a systematic way. This is an important gap as by some accounts’ skeptic beliefs may represent a softer side of the denialist claims (Whitmarsh, 2011). Understanding these attitudes in turn may inform campaigns aimed at increasing compliance with mitigation policies (Spence and Pidgeon, 2009). Thus, the aim of the current study is to create a comprehensive tool that encapsulates climate skeptics beliefs. More importantly relatively few studies have looked at individual difference variables like personality or belief systems. In this study we explore both, such as the Just World Belief construct which is concerned with concepts of fate and deservingness. Further we examine “dark-side” personality traits which have been linked to beliefs in conspiracy theories (Furnham and Grover, 2021). We also examine self-esteem and whether this is related to climate change beliefs.

Before delving into the details of the study, a general description of climate change denial is warranted. There are five techniques associated with denialists arguments: conspiracy theories, fake experts, impossible expectations, misrepresentations and logical fallacies, and cherry- picking (Diethelm and McKee, 2009). These techniques help people maintain their doubts about the occurrence of climate change, its causes and impacts. Where one falls on the climate change skepticism spectrum then depends on the form of denial employed. This in turn reflects the problematic way in which the public perceives climate change information. Poortinga et al. (2011) notes that this has created enormous heterogeneity in the construct. Rahmstorf (2004) distinguishes between trend skeptics who deny climate change; attribution skeptics, who do not deny that the climate may be changing, but deny human involvement; and impact skeptics who do not deny human-caused climate change, but do not believe it will have detrimental impacts. Leiserowitz et al. (2021) extended this categorization in the US to comprise six audience segments based on their responses to climate change information, which they have termed the six Americas: The Alarmed, Concerned, Cautious, Disengaged, Doubtful, and Dismissive. In 2020 the latter three made up 26% of the US population and typically represent climate deniers in line with Rahmstorf’s (2004) categorization. However, recent findings have shown climate change to be a more politically fueled issue in the US than in other countries, which renders this categorization difficult to apply to other populations (Hornsey et al., 2018).

In recent years, the terms ‘deniers’, ‘contrarians’ ‘dissenters’ and ‘skeptics’ have been used interchangeably to describe the portion of the public that take scientific uncertainty as an absence of consensus on climate change, or who publicly misrepresent climate science and attack scientific claims (McCright, 2007; Anderegg and Harold, 2009). This is in line with Tobler et al. (2012) and Malpass et al. (2007) who argue that climate skeptics tend to distrust scientific facts and harbor doubts about individual responsibility for climate change. However, Whitmarsh (2011) noted that climate change denial is a multidimensional construct comprised of both an active rejection of climate science, and more general attitudinal ambivalence and uncertainty about climate change. The portion of the public who is uncertain about the facts of climate change is typically larger (Leiserowitz et al., 2010, 2021). Having a multitude of constructs under pejorative terms such as ‘climate dissenter’ has led to a lack of clarity regarding the proportion of the public that endorses such claims. Moreover it hampers attempts to establish a synergistic relationship between climate science, policy and society (O’Neill and Boykoff, 2010).

Therefore, we sought to construct a comprehensive tool that reliably measures climate change deniers beliefs, as well as test its association to individual constructs that typically predict skeptical beliefs.


Psychological correlates of climate denialism

Psychological research has shown that adopting denialist thinking is linked to absence of control (Whitson and Galinsky, 2008), uncertainty (Whitson et al., 2015) and perceived self-esteem threats (Cichocka et al., 2015). This is especially true in the case of existential threats such as climate change, which put the desire for control in jeopardy and frame unsustainable actions as malevolent (Uscinski and Olivella, 2017; Douglas et al., 2019) thus potentially threatening one’s identity. These reactions are further complicated by political ideologies, as seen in the relationship between support for Trump’s policies, aversion to wealth redistribution, and climate change skepticism, especially among those with high political interest (Panno et al., 2019). Moreover, conservative political orientation, amplified by high political interest, has been shown to predict climate change denial through ideological pathways like right-wing authoritarianism and social dominance orientation (Carrus and Leone, 2018). This suggests that identity-protecting cognition and neoliberal beliefs might interact, often leading to a lowering of risk perceptions and denial of climate change (Haltinner and Sarathchandra, 2018). Thus, public beliefs about climate change are shaped by a complex interplay of individual differences, psychological orientations, political ideologies, and knowledge of climate science (Whitmarsh, 2011). A question of interest then is how people’s identities as well as their way of coping with the inherent uncertainty of climate change impact climate change beliefs. To explore this, we included measures of Tolerance of Ambiguity and Self-esteem to explore their relation to climate change skepticism.

Another question concerns how diverse worldviews shape the interpretation of climate change information (Hornsey, 2021). A worldview that is particularly relevant to climate change skepticism is Belief in a Just World: The BJW concept was identified over 50 years ago and concentrates on the tendency of people to blame victims of misfortunes for their own fate (Lerner and Miller, 1978; Lerner, 1980). The central idea is that people have a fundamental need to believe that the (social) world is a just place and that this belief is functionally necessary for them to develop principles of deservingness. People are confronted with difficult social problems such as why some people get ill, are abused, descend into poverty etc. while others do not. They also have to make sense of their own misfortunes. The idea of the BJW is that it helps answer some of these very difficult moral, political and social questions. Previous studies have shown that people holding BJW tend to be more skeptical of climate change, especially when messages are expressed in terms of the detrimental consequences of climate change for human societies (Feinberg and Willer, 2011). It is thought that such messages contradict the belief that the world is just, thus producing denial. Therefore, we were interested in exploring how this factor relates to climate change beliefs.

Finally, we were interested in examining the relationship between personality and climate skepticism. Many studies have tested the association between Personality measures and climate change beliefs. Several studies have shown that Big-5 traits such as Openness and Conscientiousness favorably influence climate beliefs and sustainable behavior (Brick and Lewis, 2016). Here we were interested in the relatively underexplored dark-side personality measures (essentially sub-clinical personality disorders) and climate skepticism. These have been as measured by the new five-dimensional measure (PID-5-BF). This has five dimensions:

I. Negative Affectivity (Anxiousness, Emotional lability, Hostility, Perseveration, Lack of restricted affectivity, Separation insecurity, Submissiveness), II. Detachment (Anhedonia, Depressivity, Intimacy avoidance, Suspiciousness, Withdrawal), III. Antagonism (Attention seeking, Callousness, Deceitfulness, Grandiosity, Manipulativeness), IV. Disinhibition (Distractibility, Impulsivity, Irresponsibility, Lack of rigid perfectionism, Risk taking), and V. Psychoticism (Eccentricity, Perceptual dysregulation, Unusual beliefs and experiences). Several studies have shown that dark personality traits such as Antagonism are typically associated with need for control, insensitivity to untrustworthiness cues, and gullibility which renders people vulnerable to conspiracy beliefs (Hart et al., 2021; Miller et al., 2021; Cichocka et al., 2022). Considering the vast literature on the link between climate change denial and conspiratorial ideation we sought to explore whether such traits could account for climate change skeptics’ beliefs.



Aims of the study

The first innovative aspect of the study is our measure of CC beliefs. While there are a number of measures in this area, there is no ‘gold standard’ for measuring climate change beliefs with psychometrically robust and proven tools. Various studies have employed a multiple-choice format in which respondents are asked to select the factors they believe cause climate change. A variation of this is asking people to indicate the degree to which they believe climate change is caused by human activities (Poortinga et al., 2011; Goldberg et al., 2019). However, most researchers construct their own measurement tools and infer degree of belief in climate change from the level of agreement with various statements. These measures tend to be characterized by two factors. The first, is that tend to be short and often of unproven psychometric validity.

The second is that they often unashamedly have more items from the alarmist perspective. This in turn has resulted in conflicting reports of climate change beliefs and sometimes artificially low levels of denial. For instance, in 2010 beliefs in anthropogenic climate change ranged from 50.4 to 94% for people in Australia depending on the measurement tool used (Leviston et al., 2011). It is known that subtle wording and response options can have a major impact on test results, thus rendering conclusions drawn from these studies often elusive (Greenhill et al., 2014). One issue of considerable interest to questionnaire researchers is whether agreeing with a positive statement about any issue is much the same as disagreeing with a negative statement. Therefore, in this study we sought to craft a questionnaire from the denialist perspective in order to assess its validity in measuring climate change skepticism.

The first phase of the study involved the selection of several statements that are in line with the climate change denial. There have been a wealth of papers from many disciplines on the beliefs of deniers which are very clearly documented and set out in a comprehensive entry into Wikipedia. This was a source of climate skeptics’ statements.

The first aim of the study was to test the reliability of the CC instrument in measuring climate skeptics beliefs. The second aim was to test how these beliefs associate with various attitudinal, demographic, personality and worldview measures. We expected based on previous research that BJW would be positively associated with CC skepticism (H1). Based on the literature on identity protecting cognition we also expected that TOA would be negatively associated with CC skepticism (H2) and Self-esteem would be negatively associated with CC Skepticism (H3). As there is no extensive research on the dark side personality measures and CC skepticism we made a tentative prediction that dark side DSM factors would be positively associated with CC skepticism (H4) based on the general characteristics associated with each dimension of personality.




Method


Participants

There were 502 participants, 254 males and 248 females. They ranged in age from 30–69 years old, with a modal age of 36. In all 70.9% were graduates. With regard to their religious beliefs (1 = Not At All to 9 = Very), they scored a mean of 3.80 (SD = 3.01). They rated their political views from (1) Very Conservative to (9) Very Liberal, with a mean of 5.83 (SD = 1.81). They rated “I am an optimist” from (10) Agree to (1) Disagree, with a mean of 6.74 (SD = 2.15). Asked 2% said they were vegan, 7% vegetarian and the remainder (91%) neither. They stated their religious views on (1) Not religious to (9) Very Religious scale with a mean score of 2.88 (SD = 2.54).



Questionnaires


Measures


Climate change

This questionnaire was created for this study and based on many statements from the Wikipedia entry on Climate Change Denial. Twenty-two statements were mainly taken from this entry as well as other papers on the topic. These are shown in Table 1. They were piloted for clarity. The instructions read “There is still a lot of debate about climate change. This short questionnaire asks you to rate how much you agree or disagree about a number of statements that various people have made about the topic.”



TABLE 1 Means and SDs for each of the 22 items (9 = very strongly agree; 1 = very strongly disagree).
[image: A table displays items related to beliefs about global warming, with mean and standard deviation (SD) values for each statement. Statements cover a range of views, from human influence on climate to skepticism about climate science and motivations. Mean scores range from 1.78 to 7.13, while SD values range from 1.39 to 2.53, indicating variability in opinions.]



Self-esteem

The self-esteem measure (Furnham et al., 2020) comprised four other factors on a scale from 1–100: Physical Attractiveness (M = 52.58; SD = 17.58), Physical Health (M = 61.76, SD = 19.93), Intelligence (IQ) (M = 67.88, SD = 14.28) and Emotional Intelligence (M = 67.35, SD = 16.68).

The Alpha for these four items was 0.69, and they were summed together forming a variable labeled Self-Esteem.



Global Belief in a Just World

This is a seven-item measure. Hellman et al. (2008) found the Global Belief in a Just World Scale (Lipkus, 1991) produced the highest average reliability score (α = 0.81) compared to the Just World Scale (Rubin and Peplau, 1973; α = 0.64) and the Just World Scale Revised (Rubin and Peplau, 1975; α = 0.68). In this study the alpha was 0.90.



Tolerance of ambiguity

This is a 12 item scale by Herman et al. (2010) which was devised to improve on the earlier scale of Budner (1962) with an alpha of 0.73. The authors demonstrate an improved factor structure and internal consistency for the TOA compared to the measure of Budner.



DSM-5—brief form (PID-5-BF)

The Personality Inventory for DSM (Krueger et al., 2012; Díaz-Batanero et al., 2019) is a 25-item self-rated assessment scale which assesses five personality trait domains [Negative Affect (0.74), Detachment (0.60), Antagonism (0.68), Disinhibition (0.72) and Psychoticism (0.75)] with each trait domain consisting of 5 items. It has been validated by a number of psychometric studies in different countries (Al-Dajani et al., 2016; Sellbom et al., 2020).





Procedure

Departmental ethical approval was gained prior to data collection. Data was collected on Prolific and participants were compensated for their time at the set rate. Data cleansing took part before the formal analysis.




Results

Table 1 shows the means and SDs for each of the statements. Scores, on the nine-point scale ranged from 1.78 (Global warming is a punishment from God for the way we have treated his earth) to 7.13 (We, humans, are primarily responsible for climate change). Standard Deviations varied from 1.39 (The concept of global warming was created by, and for, the Chinese in order to make western manufacturing non-competitive) to 2.53 (It is pointless for America and Europe to change their lifestyle when China and India continue to build coal-fired power stations.). In general, the level of CC denial was low-to-moderate. The highest mean agreement score was with the statements aligned with anthropogenic climate change views. This is in line with a general trend in recent years showing level of skepticism to be on the decline (Leiserowitz et al., 2021) and climate change to be considered a serious problem by one in five Europeans. It is noteworthy that this trend appears to hold independently of whether questions are framed from the denialist perspective or the alarmist perspective.

These data were then treated to a Varimax and Promax rotated principal component factor analysis. The results of both analyses were very similar. We used results from the Varimax analysis which showed a four factor solution which in total accounted for around ¾ of the variance (see Table 2). The emergent factors have some conceptual similarity with Rahmstorf’s (2004) categorization. The alphas for the four factors were 0.77, 0.70, 0.71 and 0.45, respectively, suggesting the first three were internally reliable and coherent. In particular Factor 1 resembles both trend skepticism and attribution skepticism whereas Factor 4 is conceptually similar to impact skepticism. In general, these represent the uncertainty relating to the veracity of Climate science claims, thus forming the basis of the CC skepticism scale. It is noteworthy that items corresponding to climate conspiracies and misinformation loaded more strongly on Factor 3 suggesting these might be conceptually different from general misinformation and climate science skepticism.



TABLE 2 PCA analysis of the 22 items.
[image: A table with six columns and twenty-one rows displaying statements about climate change and corresponding numerical values under columns one to four. The first column contains CCQ identifiers followed by statements on climate responsibility, skepticism, scientific consensus, impacts, and misinformation. Columns two to five provide numerical data, possibly reflecting levels of agreement or statistical influences. The last two rows summarize eigenvalues and variance percentages with notations about rotation and Kaiser normalization.]

The overall scale showed good internal consistency with a Cronbach α = 0.83. There were no problems concerning sampling adequacy or sphericity based on KMO statistics (0.94) and Bartlett’s test (p < 0.001). The rest of the scales: Self-esteem, Belief in a Just World, Tolerance of Ambiguity, and DSM factors were collapsed to form a singular score.


Correlational analysis

We performed correlational analysis for all variables of interest and the four factors of CC skepticism (see Table 3). The highest correlations were obtained between BJW and CC one (r = 0.17) and CC four (r = 0.21), TOA and CC two (−0.16) and CC four (−0.12). In terms of Personality, positive correlations emerged between Detachment and CCthree, Disinhibition and Psychotism and CC two (r = 0.18 and r = 0.16 respectively) and CCthree (r = 0.16 and r = 0.15 respectively), and Self- Esteem and CCthree (r = −11). Table 3 shows some of the hypotheses were confirmed for certain factors of CC skepticism. The expected negative correlation between TOA, Self-esteem and CC skepticism is in line with previous studies (Jessani and Harris, 2018) and predictions. And the predicted positive association between BJW and CC skepticism was obtained for three out of the four factors in line with previous findings (Feinberg and Willer, 2011). Positive associations were obtained between dark side personality traits and all CC skepticism factors in line with predictions.



TABLE 3 Correlation between CC factors and scales.
[image: A correlation matrix displays relationships among variables labeled 1 to 12, each with a mean and standard deviation. Significant correlations are marked with asterisks: one for p < 0.05, two for p < 0.01, and three for p < 0.001. The matrix highlights various significant correlations, such as between variables 1 and 3 (0.118**) and between variables 11 and 12 (0.552***).]

We were also interested in exploring the relationship between political ideology and climate change skepticism. We found a strong negative correlation between political ideology and most CC skepticism factors, such that the more right leaning tended to be more skeptical of climate change. This is a well-documented finding in the literature (Hornsey et al., 2016). However, a significant positive relationship emerged between political ideology and CCthree (r = 0.13) and BJW and CC three (r = 0.12) contrary to predictions, which might be because this factor is measuring a unique dimension of CC skepticism.



Regression analysis

Linear regressions were performed between demographic variables, education, political ideology, BJW, Self-esteem, TOA, DSM and the CC skepticism factors. These are shown in Table 4. The regression analyses revealed that DSM Disinhibition emerged as a significant predictor for CC Two and CC Four. Political orientation was found to be a notable predictor for the majority of the CC factors. Education level was a significant predictor for three out of the four factors. Religious beliefs were found to significantly influence CC Two. Age and gender also contributed to the prediction model, with age emerging as a significant predictor for the first CC factor and gender for the third. The whole model tests were significant with reasonable fit accounting for a good proportion of variance in skepticism R2 = 0.16 for CCOne, R2 = 0.16 for CCTwo, R2 = 0.11 for CCThree, and R2 = 0.19 for CCFour.



TABLE 4 Regression onto the four factors.
[image: A table presents regression analysis results across four categories: CC One, CC Two, CC Three, and CC Four. Each category shows statistical values: standard Beta, SE, t, and p for variables such as Sex, Age, Degree, and others. Significant values are indicated with asterisks, with varying levels of significance (*p < 0.05, **p < 0.01, ***p < 0.001). Overall F values and R² adjusted values are provided for each category.]

In order to examine the relative importance of Personality factors above demographic variables, a hierarchical regression was performed as well onto all CC Skepticism factors. This is shown in Table 5. For CCone, the first model including Age, Religious views, Sex and Political orientation was significant F(4,396) = 19.027, p < 0.001. This model accounts for R2 = 0.16 of the variance in CC one. Looking at the individual predictors, Political views b = −0.39, 95% CI[−3.6,-2.2], t(396) = 8.08, p < 0.001 have an impact on CC One. The next two models are also significant but none of the added individual predictors reach significance.



TABLE 5 Hierarchical regression onto the 4 factors.
[image: Statistical table showing multiple regression analyses results across four sections labeled CC one to CC four. Each section lists predictors, including Sex, Age, Political, and others, with columns for standardized beta, standard error, t-value, and p-value for three models. Significant values are marked with asterisks indicating p-value levels: one asterisk for less than 0.05, two for less than 0.01, and three for less than 0.001. F-statistics, R squared, and adjusted R squared values are provided for each section.]

For CC Two the first model was significant F(4,397) = 11.305, p < 0.001 accounting for R2 = 0.09 of the variance. Both Political views b = −0.26, 95% CI[−0.65,-0.29], t(397) = 5.15, p < 0.001 and Religious views b = 0.15, 95% CI[0.07,0.35], t(396) = 3.01, p < 0.05 were significant predictors of CC Two. The second model was significant F(7,396) = 8.452, p < 0.01 and accounts for R2 = 0.11 of the variance adding 2% of explained variance. The third model including personality factors was significant F(12,396) = 7.04 and adds 4% of explained variance in CCtwo with Disinhibition b = 0.18, 95% CI[0.08,0.39], t(397) = 3.02, p < 0.01 emerging as a significant predictor of CC Two.

For CC Three the first model is significant F(4,396) = 7.221, p < 0.001 accounting for R2 = 0.06 of the variance. Sex is a significant predictor of CC Three b = −0.21, 95% CI[−3.2,-1.15], t(396) = − 4.2, p < 0.001. The second model is significant F(7,396) = 5.792, p < 0.001 and accounts for R2 = 0.08 of the variance. Looking at the individual predictors, BJW barely reaches significance. This model adds 2% of explained variance. The third model including personality factors was significant F(12,397) = 4.880 and adds 2% of explained variance in CC Three.

For CC Four the first model is significant F(4,396) = 4.517, p < 0.001 accounting for R2 = 0.16 of the variance. Political views is a significant predictor of CC Four b = −0.40, 95% CI[−1.2,-0.77], t(397) = −8.43, p < 0.001. The second model is significant F(7,396) = 12.73, p < 0.001 and accounts for R2 = 0.17 of the variance. The third model including personality factors was significant F(12,396) = 8.94 and adds 2% of explained variance in CC Four. Here Disinhibition emerged as a significant predictor of CC Four b = 0.15, 95% CI[0.07,0.48], t(396) = 2.6, p < 0.01.




Discussion

A plethora of research explores the characteristics of environmental attitudes and correlates of climate change beliefs (Hornsey et al., 2016). However, few scholars have attempted to examine climate change beliefs from the denialist perspective. Notable exceptions include work done by Whitmarsh (2011) and Poortinga et al. (2011). The majority of psychometric tools employed to examine Climate Change beliefs tend to include items that may skew responses toward more ‘alarmist’ attitudes. In this study we carried out an investigation of Climate Change beliefs through a new tool constructed from the denialist perspective. The study explored how widespread skeptical beliefs are in Europe and to what extent they are associated worldviews such as Just World Beliefs and Political ideology and attitude aspects, such as Tolerance of ambiguity. We also set out to test the association between Dark Side personality facets and climate change skepticism, a relatively underexplored factor in the climate change attitudes literature.

The majority of participants tended to agree with human-caused climate change and the scientific consensus regarding anthropogenic climate change. These results are in line with a general trend showing certain types of skepticism surrounding climate change may be declining while level of concern is on the rise (Saad, 2017a,b). Other studies have reported alarmed segments to have risen by 9% since 2008 and the Dismissive and Disengaged segments to have dropped by 1 and 9%, respectively, (e.g., Leiserowitz et al., 2021). However, such trend observations should be taken with caution as previous reports mostly concern the US population and use different measurement tools. Most studies have primarily reported on levels of agreement with the causes of climate change as a human-made or naturally occurring phenomenon (Poortinga et al., 2011; Leiserowitz et al., 2021). The current results extend this line of findings by showing that levels of agreement with conspiratorial rhetoric and disinformation surrounding climate change are among the lowest. This suggests that these types of beliefs are not prevalent in the public discourse. Another possibility might be that outright climate change denial might be pervasive only among those who are very right leaning (Roser-Renouf et al., 2014) which made up only 5% of our sample.

The measure of Climate Change beliefs devised from the denialist perspective showed a clear multidimensional structure. Items concerning the trustworthiness of climate scientist claims tended to be quite different from conspiracy-related items and items relating to the impacts of climate change. These observations have been echoed in previous research and deserve further investigation (Poortinga et al., 2011; Whitmarsh, 2011). It might be that a level of uncertainty surrounding climate science is a softer stance than outright denial of scientific data and conspiracy-laden rhetoric and each may be impacted by a different set of attitudinal variables. Exploring these dimensions further may aid intervention attempts aimed at clarifying climate science uncertainties and solidifying the knowledge required to take climate action. Although the instrument devised here showed high reliability, further studies are needed to ascertain its validity in capturing climate skeptics’ beliefs.

Similarly to previous studies (Carrus and Leone, 2018; Panno et al., 2019), we find that certain ideologies tend to be more related to climate beliefs. For instance, conservatives tended to be more prone to climate skepticism than liberals. Recently, Hornsey et al. (2018) found that the ideological divide in climate change beliefs is more prevalent in the US, suggesting the issue of climate change has been more politicized there than in other nations. Considering that our sample was mostly European, this goes contrary to Hornsey’s findings and seems to be an international phenomenon. However, we had only a single item for Political beliefs. Further studies may attempt to replicate these findings with a more extensive instrument of political beliefs and behaviors, particularly those associated with conservatism.

Just World Beliefs correlated more strongly with CC factors than any other worldview measures. This suggests that perceptions of unpredictability and unfairness may be particularly pronounced in the case of climate change messages and that these belief violations may inspire denialist convictions. Previous findings support the notion that emphasizing the threat of climate change exacerbates climate denialism (Feinberg and Willer, 2011). However, this worldview is hardly mentioned in the climate change literature. Yet several reports seem to suggest that climate skepticism may be a coping strategy employed by people confronted with uncomfortable truths about the devastating effects of climate change. Indeed, avoiding or refusing to assimilate negative information is such a pervasive coping mechanism that it has been termed the ‘ostrich effect’ (Sullivan et al., 2010; Grzesiak-Feldman, 2013). Many scholars have noted that framing climate message in ways that align with people’s belief systems may avoid negative impacts such as climate denial (Panno et al., 2019; Goldberg et al., 2020). As we did not test this experimentally, further studies may consider testing how variations in the way climate information is presented might interact with worldviews such as BJW to determine climate beliefs, and how these in turn may impact climate action.

An interesting finding from our data related to the dark side personality measures. DSM explained about 2% of variance in climate skepticism measures, which is a typical finding in personality research. This was the only factor that remained significant after controlling for demographic variables and political views. As other measures tended to intercorrelate, personality showed a unique contribution to climate change skepticism. Importantly, measures such as Disinhibition predicted responses to impact-related factors, and did not predict factors concerning trend and attribution skepticism. Whereas traits such as Antagonism were strongly correlated with conspiracy-related factors. This suggests that certain types of skepticism are diversly impacted by dark side personality types. Somewhat parallel to current findings, previous research has found dark side traits such as disinhibition and psychopathy to predict low endorsement of health-related behaviors and intent to knowingly expose others to risk during the COVID-19 pandemic. A similar argument could be made for the association between a reckless disregard of the risk of climate change (in the form of climate change conspiracy/impact beliefs and unsustainable behaviors) and dark side personality measures. This warrants further investigation.

Given the widespread agreement among the majority of participants on human-caused climate change, it becomes evident that policy efforts should focus on reinforcing this consensus and translating it into action. Policy recommendations could include the development of educational campaigns that address the identified gap between climate change acknowledgment and the misconceptions surrounding it. Such campaigns should be tailored to the nuanced spectrum of beliefs, particularly targeting groups with Just World Beliefs, and should aim to mitigate the ‘ostrich effect’ by presenting information in a manner that resonates with their worldviews. Furthermore, the association between dark side personality traits and climate change skepticism suggests that policy-making should consider psychological factors when designing communication strategies. For example, policies could support the creation of narrative-based messaging that effectively counters conspiracy theories and disinhibited views on the impacts of climate change (Constantino and Weber, 2021). By recognizing the emotional and psychological components of climate change skepticism, policies can be more effective in promoting sustainable behaviors.

Like all studies this had limitations. It would be desirable to have other studies using our questionnaire to replicate the factor structure. We acknowledge that many of the items were taken from Wikipedia and other studies and it is possible that we missed out on some important themes which only future studies could correct. Moreover, those who work on attitude measurement may be concerned with some items being two long or too technical in use of jargon though we did pilot it. Clearly the measure, still unique in its perspective, requires more work. Next, we were restricted to self-report measures with common method variance problems. It would also have been interesting to know more about the participants’ political beliefs and attitudes given how important they appear to be on this issue. It would be most desirable to replicate the findings on a bigger and more representative population.

Whether a government or society takes steps to mitigate the threats associated with climate change is highly dependent on public beliefs. These latter in turn serve as an indicators of the likelihood of endorsement for various policies to curb carbon emissions. As such, belief in human causality is a pre-condition to acknowledge the problem of climate change in the first place. Yet discrepancies in belief systems are only part of the story when it comes to engaging different audience segments with solutions.

As with all correlational data, the current findings are merely suggestive of interesting constructs that may account for some of the observed variability in climate beliefs and do not offer insights into causal relations. However, many studies examining the impact of information on climate beliefs tend to conclude that the communication of facts and figures is insufficient in changing minds (Moser, 2010; Goldberg et al., 2020; Brosch and Steg, 2021). Thus, recognizing the dimensions and causes of climate skepticism and the characteristics associated with those that espouse such beliefs may allow communicators to move away from a knowledge deficit model (i.e., providing more information based on the premise that the public is ignorant of the facts) toward a more inclusive framework that may advance targeted communications with a higher chance of success.

The pattern of results observed here is a further indicator that there is a high level of awareness of climate change and its causes. Future research should aim to expand upon the current study’s findings by employing a multifaceted approach to understanding climate change beliefs. This could involve longitudinal studies to assess how climate change beliefs evolve over time and in response to major environmental events. Additionally, experimental research that tests different methods of presenting climate change information could be invaluable in understanding how to counteract denialist attitudes. To enhance the public’s perception of climate-related phenomena, future studies could explore the use of personalized information and storytelling that align with individuals’ existing belief systems (Hornsey and Fielding, 2017). This approach could potentially reduce defensive responses and increase the openness to scientific evidence.

Future studies would do well to assess a number of other participant variables like their endorsement of conspiracy theories, the participation in local and national politics as well as their personal behaviors associated with energy use and conservation. There has been a great deal of work on how to best address and combat conspiracy theories in general (Lewandowsky et al., 2022; O’Mahony et al., 2023). By addressing these elements, the research community can play a pivotal role in aiding society’s transition toward a more informed and proactive stance on climate change. This measure may prove useful in attempting to try to change beliefs about CC.
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The ongoing international study on the mental health implications of climate change has prompted a deeper exploration of ecological emotions such as eco-anxiety, eco-worry and eco-grief, which are associated with environmental degradation and the escalating climate crisis. Although psychological and mental health literature has mainly presented preliminary conceptual analyses, the understanding of ecological emotions remains unclear. This narrative review aims to clarify the definition, highlight precipitating factors, and outline the effects of ecological emotions on mental health, emphasizing the need for thorough research to shift the nonclinical intervention approach from merely promoting individual resilience to encouraging collective engagement. Our analysis of the literature reveals that the existing theoretical framework, which predominantly focuses on bolstering individual resilience, provides only temporary relief for acute symptoms without addressing the foundational social and environmental factors that trigger these ecological emotions. We conclude that it is crucial to overcome the limitations of Western anthropocentrism’s human-to-human interaction approach and embrace the unity of humans and nature to effectively manage the increasing ecological emotions. This perspective draws insights from the holistic and collective wisdom of indigenous cultures and traditional Chinese philosophy, offering a potential pathway toward maintaining a sustainable emotional balance amid the worsening global ecological turmoil.
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Introduction

Ecological disasters like climate change are increasingly recognized as one of the most severe threats to human health in the 21st century. The Intergovernmental Panel on Climate Change (IPCC) (2022) suggested in February 2022 that climate change would result in numerous risks to natural ecosystems and human health worldwide from 2040 onwards. The World Health Organization (2021) predicts that climate change will lead to 250,000 deaths annually between 2030 and 2050 due to malnutrition, malaria, diarrhea and heat stress. There is a growing body of evidence linking climate change, the likelihood of extreme weather events, and their impacts on health. As the world grapples with complex and often deteriorating global environmental issues, it becomes crucial to understand people’s reactions and emotional responses to these problems.

Since global awareness of ecological crises is growing rapidly and there is widespread media coverage of this issue, people who are aware of current and future threats posed by ecological issues may experience fear and anxiety about potential negative outcomes for their future and the world, particularly among those vulnerable populations. Yet, in recent debates surrounding the psychological impacts of ecological crises, there has been a tendency to pathologize ecological emotions—anxiety, worry, grief, and despair experienced in response to environmental degradation—as merely symptoms of disorder within individuals. For instance, surveys conducted across various countries revealed that many individuals experience high levels of eco-anxiety and eco-worry (Steentjes et al., 2017; Ballew et al., 2018; Minor et al., 2019; Gregersen et al., 2020). However, this narrow, individualistic interpretation fails to acknowledge the potential of these emotions to foster a collective consciousness and a unified response to the pressing challenges of climate change. In this narrative review, we propose a paradigmatic shift, framing eco-emotions not as individual pathologies but rather as natural responses to the recognition of our interdependence with the Earth. By cultivating an understanding of eco-emotions as motivators for community action and engagement, we aim to transcend the limitations of the traditional psychological perspective, opening the door to a more holistic approach that integrates human emotions, social dynamics, and the environment in the pursuit of a sustainable future.



Aim and search strategy

Despite the prevalence of ecological emotions engendered by knowledge and experiences of the ecological crisis, the exact meaning of ecological emotions like eco-anxiety remains unclear and inconsistent. This narrative review seeks to summarize and discuss previous studies about the role ecological emotions play in people’s lives. By analyzing and synthesizing literature on key ecological emotions such as eco-anxiety, eco-anger, eco-worry, eco-sadness, ecological grief, eco-paralysis and eco-nostalgia, we aim to enhance our understanding of how climate change and other environmental issues impact human emotions and actions. The primary goal of this study is to conduct a narrative review of the literature on the range of emotional responses to the ecological crisis, thereby discerning the definition, causes and effects of ecological emotions. Delving into the dual nature of these emotions, this narrative review examines their correlation with mental health and their potential to foster constructive engagement on both an individual and a collective level. Furthermore, this review underscores the need for high-quality research to explore the potential shift in nonclinical intervention strategies from fostering individual resilience to promoting collective engagement.

It is pertinent to note that, as a narrative rather than a systematic review, the primary objective here is not an exhaustive compilation of extant literature on the emotional dimensions of environmental issues. Accordingly, this narrative review was conducted by comprehensively searching electronic databases including PubMed, PsycINFO, Scopus, Web of Science and CNKI and the keywords used in the search were “ecological emotions,” “eco-anxiety,” “eco-anger,” “eco-worry,” “eco-sadness,” “ecological grief,” “eco-paralysis,” and “eco-nostalgia.” These terms were used in various combinations with AND/OR operators to ensure comprehensive retrieval of relevant literature. Studies included in this review were peer-reviewed articles published in English from January 1980 to November 2023. The selection focused on articles that presented theoretical analyses, qualitative data, and narrative reviews related to ecological emotions and their psychological impacts. Exclusion criteria ruled out non-peer-reviewed articles, conference abstracts, and studies not specifically addressing ecological emotions as defined by our keywords. Studies merely focusing on general environmental concerns without addressing specific emotional responses were also excluded. At the same time, we aimed to include a variety of perspectives to capture a wide range of experiences and ideas. This involved considering works from different geographical regions and cultural backgrounds to ensure a comprehensive understanding of the global impact of ecological emotions.



Definitions of focal ecological emotions

In the contemporary discourse, the term ecological predominantly references the natural environment; however, its semantic scope extends further to encompass a sense of community and the socio-political atmosphere, signifying the collective effect engendered within and by a group of individuals (Kałwak and Weihgold, 2022). From a biological perspective, emotion is posited as the paramount sensory mechanism through which humans discern their relationship with the surrounding world, rendering it indispensable for the survival and social cohesion of human collectives (Hochschild, 2012). Hochschild emphasizes the significance of collective life, a theme that resonates at the heart of the nature and genesis of ecological emotions. This dual interpretation of ecological, encompassing both the environmental and the social realms, proves critical to this narrative review, highlighting the intricate interplay between these dimensions. Consequently, the concept of ecological emotions can be defined as a sensory capacity that critically informs individuals about the evolving dynamics within their natural and social environment (Kałwak and Weihgold, 2022).

To be more specific, ecological emotions at least include eco-anxiety, eco-anger, eco-worry, eco-sadness, ecological grief, eco-paralysis and eco-nostalgia. To begin with, the concept of eco-anxiety resides within the broader domain of anxiety, referring to negative emotions like worry, unease, tension, and fear that individuals display in response to stressful events or crises (Spielberger et al., 1983). Trait anxiety and state anxiety are two key categories for understanding anxiety. Trait anxiety tends to obstruct normal life functioning and constitutes a significant threat to mental and physical health (Myles et al., 2020), clinching its status as a mental and emotional disorder in clinical psychology (Spalding et al., 2021). In contrast, as an immediate individual response to external stimuli, state anxiety is non-clinical and ubiquitous (Weeks et al., 2019), inducing individuals to engage in various coping strategies to alleviate and eliminate the discomfort it brings (Gino et al., 2012).

Just like anxiety, eco-anxiety is often understood from both clinical and non-clinical perspectives. As one of the pioneers of the study of psychoneurotic syndromes, Albrecht (2011) argued that mental health effects result from negative emotions triggered by perceived environmental crises like climate change, and as one of these negative emotions, eco-anxiety could be categorized as people’s reactions of worry and anxiety concerning global climate change threats and concurrent environmental degradation. Clayton and Karazsia (2020) designed a measure of climate change anxiety that includes not only pure emotional aspects such as worry and anxiety but also rumination and functional impairment. Dodds (2021) also delineated eco-anxiety as a chronic mental health condition emanating from ecological hazards, paralleling the characteristics of trait anxiety. Seen from this clinical perspective, at least in three studies (Schwartz et al., 2022; Patrick et al., 2023; Reyes et al., 2023), eco-anxiety was gaged as functional impairment (interference of concern about climate change with an individual’s capacity to work or socialize) and as cognitive-emotional impairment (such as rumination, difficulty sleeping or concentrating, and nightmares or crying due to climate change). When eco-anxiety becomes unmanageable and begins to interfere with an individual’s daily functioning, it is perceived as clinically meaningful (Clayton, 2020). Based on a non-clinical perspective, however, eco-anxiety can spur environmentally sustainable behaviors (Pihkala, 2020a), thereby not necessarily indicative of a clinical diagnosis. As individuals might experience short-term state anxiety responses based on external environmental stimuli and negative information, some researchers have started recognizing eco-anxiety not just as a negative psychosocial impact resulting from environmental challenges but also as individuals’ constructively adaptive and state anxiety response toward ecological threats (Wullenkord et al., 2021; Whitmarsh et al., 2022).

Specifically, most researchers have assessed eco-anxiety as an array of negative emotions in response to climate change, including feelings of anxiety (Searle and Gow, 2010; Hickman et al., 2021; Stanley et al., 2021), worry (Searle and Gow, 2010; Berry and Peel, 2015; Hickman et al., 2021; Sciberras and Fernando, 2021), tension (Searle and Gow, 2010), helplessness, powerlessness, sadness, depression, anger (Searle and Gow, 2010; Hickman et al., 2021), grief, guilt, (Hickman et al., 2021), and fear (Hickman et al., 2021; Stanley et al., 2021). In this way, eco-anxiety is considered a specific emotional response to ecological problems. As to the essential characteristics of eco-anxiety, they include an individual’s threat assessment of climate changes and other environmental dilemmas as well as an inherent uncertainty, with the latter implying that the sources of eco-anxiety lie in future environmental uncertainties (Clayton, 2020). Up to now, however, there is no standard definition of eco-anxiety. Consequently, diverse definitions are deployed, including an enduring fear of environmental catastrophe (Clayton et al., 2017), having habitual worrying thoughts (Verplanken et al., 2020), anxiety stemming from current and forecasted environmental damage or loss (Ojala et al., 2021), functional or cognitive-emotional impairments (Schwartz et al., 2022; Reyes et al., 2023), and a constant, difficult-to-control apprehensiveness and worry about climate change (van Valkengoed et al., 2023).

Beyond eco-anxiety, environmental challenges may induce other negative emotions like anger, worry, sadness, and grief. Although these emotions may emanate from the same environmental issues, they usually have unique connotations. For instance, eco-anger arises from others’ destructive behavior or governmental agencies’ inaction (Myers et al., 2012). While eco-anxiety was found to correlate with a decrease in collective action or withdrawal from pro-climate initiatives, eco-anger was linked to increased participation in collective action (Stanley et al., 2021). Eco-worry envelops worry for the present and predicted ecological damage and destruction (Ojala et al., 2021). Eco-sadness signifies sadness stemming from experienced or anticipated environmental losses of ecosystems and species, a sensation particularly strong in groups with tight bonds to nature (Cunsolo and Ellis, 2018). Eco-grief refers to sorrow and grief experienced in response to the loss of cherished locations, ecosystems, and species (Ojala et al., 2021). As a reaction to environmental degradation and loss of species and beloved environments, eco-grief incites various emotional responses, such as frustration, fear, stress, distress, hopelessness, and pre- and post-traumatic stress disorder, which lead to a sense of lost identity (Cunsolo and Ellis, 2018; Marshall et al., 2019; Cunsolo et al., 2020a,b). Often classified as a form of disenfranchised grief, eco-grief is often publicly unacknowledged or downplayed through socio-economic and socio-cultural structures and policies (Adger et al., 2017; Cunsolo and Ellis, 2018).

This section begins with an overview of ecological emotions, drawing from a broad array of foundational texts to set the stage for a deeper exploration of specific emotional responses and their triggers in the next sections.



Causes of ecological emotions

While the study of ecological emotions is relatively nascent, initial investigations have identified several internal and external factors as potential catalysts. Internally, demographic characteristics and personal attributes appear impactful. Externally, our emotions are shaped by direct or indirect experiences with climate change and other environmental problems.


Internal factors

Firstly, demographic characteristics heavily influence the discourse on ecological emotions. For instance, while women may be more prone to eco-anxiety due to increased perceived pressure, one study argued that gender had an insignificant impact on such emotion when subjective experiences were accounted for (Chen et al., 2020). Concerning age, a study suggested that, due to their health conditions and limited mobility, older adults might be more susceptible to eco-anxiety (Chen et al., 2020). Other studies argued that younger individuals might experience increased eco-anxiety, as they better understood climate change’s implications and held greater concerns about its future impacts (Clayton, 2020; Dodds, 2021).

The existing body of research has also examined the impact of individual traits on ecological emotions. Individuals displaying a higher level of concern toward the environment are more likely to perceive changes in the ecological environment, and thereby more susceptible to eco-anxiety (Searle and Gow, 2010). Similarly, mental health conditions such as trait anxiety and depression could potentially heighten individual vulnerability to ecological emotions (Wullenkord et al., 2021). Personality traits related to emotional processing and regulation might also contribute to ecological emotions, making neurotic individuals more susceptible to negative reactions (Chen et al., 2020). Furthermore, individuals of lower socioeconomic status, owing to limited economic and health resources, might display higher levels of ecological emotions (Dodds, 2021).

Lastly, acting as influential factors of ecological emotions, cognitive and motivational factors generally further activate emotional responses. An essential condition for the emergence of ecological emotions is that environmental problems constitute a threat substantial enough to become a source of pressure for an individual. Therefore, ecological emotions are often associated with perceptions of risk and threats (Chen et al., 2020), and individuals who deny environmental problems are very likely to report lower levels of ecological emotions (Wullenkord et al., 2021). Moreover, ecological emotions positively correlate with obstructed needs and inversely with satisfied ones (Wullenkord et al., 2021).



External factors

Ecological emotions, fundamentally reactions to external environmental stimuli, are tied to direct or indirect experiences of climate change and similar issues (Hogg et al., 2021). Direct experience refers to the situations where an individual directly experiences environmental problems as well as their negative impacts. Typically, individuals who have experienced or have been affected by some environmental problems are more susceptible to ecological emotions (Clayton, 2020). For instance, those strongly attached to their environment might feel heightened eco-anxiety when it undergoes significant alterations (Chen et al., 2020) and those individuals living in areas more susceptible to environmental impacts might also have higher levels of eco-anxiety (Clayton, 2020). Just as some researchers argued, experiences of flooding were linked to escalated concern and heightened psychological importance of climate change, subsequently predicting behavioral intentions and support for climate change policy (Spence et al., 2011; Demski et al., 2017). Negative emotions tied to climate change have also been documented among those enduring prolonged droughts in Australia (Ellis and Albrecht, 2017).

Besides direct experience, exposure to climate change data through the media also plays a vital role in the public’s risk perception and evaluation (Clayton, 2020; Budziszewska and Jonsson, 2021). To a great extent, how the public receives information on environmental problems determines the level of eco-anxiety (Ojala et al., 2021). Ogunbode et al. (2020) once demonstrated that the IPCC special report on 1.5°C global warming significantly amplified climate change concerns among 75% of Norwegians who had learned about the report via traditional television and print media. Undeniably, with rising public concern, media coverage of climate change has escalated globally (Sampei and Aoyagi-Usui, 2009; Carmichael and Brulle, 2018). Moreover, personal values and worldviews influence responsiveness to media content, and individuals tend to interpret media reports about ecological issues based on their frames of reference (Höijer, 2004; Newman et al., 2018).

Finally, political ideology and cultural beliefs play an important role in whether people subjectively attribute ecological emotions to environmental crises. Conservative individuals who typically express scepticism toward anthropogenic climate change might not necessarily feel more anxious despite experiencing severe weather (Whitmarsh, 2011). Hickman et al. (2021) suggested that perceptions of governmental inaction or inadequate response might lead to higher levels of eco-anxiety which is more likely to provoke unconstructive defense mechanisms. The environmental values such as the new ecological paradigm and connection with nature can also exert influence over ecological emotions (Whitmarsh et al., 2022). Emphasizing mutual reliance and respect for nature, indigenous people are more susceptible to eco-anxiety in the face of environmental crises (Clayton, 2020).




Effects of ecological emotions on mental health

Currently, ecological emotions, especially eco-anxiety, are primarily considered clinical mental disorders or chronic psychological diseases triggered by environmental crises, precipitating a focus on the deleterious effects of ecological emotions on individuals’ mental health.

Numerous studies have found that heightened ecological emotions are associated with various mental health problems. Symptoms of depression (Searle and Gow, 2010; Sciberras and Fernando, 2021; Schwartz et al., 2022), anxiety (Searle and Gow, 2010; Stanley et al., 2021; Schwartz et al., 2022), stress (Searle and Gow, 2010; Stanley et al., 2021), psychological distress (Reyes et al., 2023), and post-traumatic stress disorder (PTSD) (Patrick et al., 2023) have all been linked with higher level of ecological emotions.

To be specific, some studies treated eco-anxiety as a clinically pathological emotion negatively affecting mental health and physiological responses. Swim et al. (2009) argued that eco-anxiety could induce clinical physiological symptoms such as panic attacks, loss of appetite, irritability, physical weakness and insomnia. Moreover, clinical eco-anxiety could provoke other negative emotional responses like depression, despair and powerlessness (Weintrobe, 2012). Furthermore, anxiety stemming from the awareness of global climate threats might exacerbate clinical levels of depressive and anxious symptoms, meaning that eco-anxiety might negatively impact mental health (Searle and Gow, 2010). In fact, chronic distress from ecological emotions might make it hard to control negative emotions and potentially interfere with individuals’ sleep, social skills and work abilities (Clayton, 2020). Clayton and Karazsia (2020) argued that eco-anxiety has damaging characteristics such as cognitive-emotional damage like difficulty sleeping and crying without reason, and functional damage such as difficulty engaging in entertainment and decreased potential work abilities. When summarizing cognitive damage caused by eco-anxiety, Hogg et al. (2021) also mentioned that chronic eco-anxiety might cause obsessive-compulsive disorder. At last, after examining the relationship between eco-anxiety and subjective well-being and mental health among Gen Z youth in the Philippines, Reyes et al. (2023) concluded that eco-anxiety negatively affects mental health.

In addition, due to worries about future environmental conditions, ecological emotions might also make people question the choice of having children (Clayton, 2020). In a survey composed of climate-concerned participants, all commented that not having children was their greatest contribution to the environment (Helm et al., 2021). To a great extent, having fewer or no children because of climate-related concerns can be seen as a manifestation of ecological emotions: participants expressed serious concern, anxiety, and even anguish about the climate impacts that children would have to face during their lives (Schneider-Mayerson and Leong, 2020; Helm et al., 2021).

As a result, ecological emotions evoked by the impending menace of climate change can be either adaptive or maladaptive (Taylor, 2020). While adaptive eco-emotions can spark climate activism including initiatives to reduce carbon footprint, maladaptive eco-emotions may culminate in anxious passivity, an inability to confront ecological crises. This could further take the form of an anxiety disorder triggered or amplified by climatic stressors. Comparatively speaking, experiencing eco-anger was found to predict improved mental health outcomes as well as heightened participation in pro-climate activism and personal behaviors. On the contrary, eco-anxiety and eco-worry were less adaptive, correlating with diminished well-being. These findings emphasized anger as a crucial adaptive emotional driver of engagement with ecological crises (Stanley et al., 2021).



Negative impacts of ecological emotions on vulnerable populations

This section will integrate studies focusing on how ecological crises disproportionately affect vulnerable groups, highlighting the intensity and range of emotional responses triggered by such disparities.

It is worth emphasizing that the negative impacts of ecological crises do not affect all global populations equally (Ojala et al., 2021). With limited resources to utilize, those most likely to experience these impacts include people residing in eco-sensitive communities and regions reliant on natural resources, numerous indigenous natives, and individuals with pre-existing health conditions or stressors (Cunsolo and Ellis, 2018; Tschakert et al., 2019). Although such vulnerable groups historically have been underrepresented in global climate change discourse, recent research has started to focus more on these demographics and their unique mental health challenges. Studies have delved into the psychological effects of long-term drought and solastalgia among indigenous Australians (Ellis and Albrecht, 2017), and eco-grief resulting from diminishing sea ice and changing Arctic landscapes affecting the Inuit population (Cunsolo et al., 2013a; Petrasek et al., 2015; Cunsolo and Ellis, 2018). The link between suicide rates and crop-damaging temperatures causing economic hardship among Indian farmers has also been scrutinized (Carleton, 2017).

Empirical investigations focusing specifically on ecological emotions among vulnerable populations have predominately utilized qualitative methodologies (Tschakert et al., 2019; Middleton et al., 2020). The majority of this work emanated from indigenous communities in high-income countries like Canada, Australia, and the United States (Ojala et al., 2021). However, there was an increasing representation of populations from lower- and middle-income countries such as India (Carleton, 2017), Tuvalu (Gibson et al., 2020), South Africa (Chersich et al., 2018), and certain regions of China (Wang et al., 2020). These studies correlated extreme weather events and trends like temperature fluctuations, humidity, drought, and flooding to a range of psychological and behavioral outcomes, including PTSD, depression (Yang et al., 2011; Cheng et al., 2012), and even self-harming and suicidal tendencies (Qi et al., 2014; Burke et al., 2018).

For many indigenous natives and historically marginalized groups worldwide, the negative impacts of ecological emotions have run deeper by amplifying past-traumas of events such as forced displacement, systematically undermined traditional culture and continued colonization (Cunsolo et al., 2013a). These episodes of historical mistreatment and disempowerment often amplify feelings of helplessness and intense anxiety about future climates and livelihoods (Furberg et al., 2011; Cunsolo et al., 2013a). Specifically, American Indian and Alaska native communities routinely encounter a range of health inequalities, many of which are linked to their higher exposure to environmental health risks. Therefore, it is essential to incorporate their traditional practices and values into forthcoming strategies to minimize these environmental health hazards (Mayer et al., 2019). Indigenous peoples across the globe bear some of the most severe mental health repercussions of climate change (Middleton et al., 2020). The emotional toll taken by climate change can be acute among such populations, particularly when climatic shifts disrupt their customary practices and surrounding environment (Cunsolo et al., 2013b).

Geographical variations in eco-anxiety frequency have also been observed. To be frank, the majority of the studies cited herein are quantitative and predominantly conducted within developed Western contexts, but individuals from underprivileged areas are more prone to eco-anxiety, with women showing increased susceptibility to pre- and post-trauma stress (Patrick et al., 2023). Less affluent countries in the Global South have been found to express more concern about climate change’s impact on daily life than wealthier nations (Hickman et al., 2021), possibly due to differences in population susceptibility and adaptive capacities to climate change (Intergovernmental Panel on Climate Change, 2022). The latest multi-national study involving participants from China, India, Japan, and the U.S. also indicated that climate change anxiety was highest in Chinese and Indian populations (Tam et al., 2023).

With regard to mental health stressors, variations also appear based on gender and age. Exhibiting higher levels of ecological emotions, women, youngsters and older adults are particularly susceptible to climate-influenced mental health outcomes such as suicide and depression (Middleton et al., 2020). Female participants experienced higher levels of eco-anxiety (Searle and Gow, 2010; Berry and Peel, 2015; Verplanken et al., 2020). While men and women predict similar probabilities of severe impacts resulting from climate change, women worry more about potential outcomes (Sundblad et al., 2007). Compared to men, women exhibit more stress, anxiety, and behavioral engagement, even displaying higher rates of PTSD (Doherty and Clayton, 2011). Younger participants also express higher levels of eco-anxiety, with survey data suggesting an equal, if not higher, level of interest and concern regarding climate change among the younger generation than older individuals (Searle and Gow, 2010; Berry and Peel, 2015; Patrick et al., 2023). Being more likely to face the negative ecological impacts directly, young people seem to be more likely to accept the scientific consensus on human origins of climate change (Corner et al., 2015). Furthermore, high levels of concern about climate change have been observed among young people and children, with 84% of respondents indicating at least a moderate level of eco-anxiety (Hickman et al., 2021). Inuit youth in Canada express concerns about their future and the worsening environmental impact on their elderly natives (Petrasek et al., 2015). Interestingly, adolescents worrying persistently or increasingly about climate change were found to be more politically engaged than their moderately worried peers (Sciberras and Fernando, 2021).



Individual resilience as an intervention strategy

In light of the escalating frequency and severity of climate change-related natural disasters over the past two decades, the emotional and psychological well-being of those individuals exposed directly or indirectly to the disasters has been significantly impacted. Generally speaking, resilience appears to be more common than pathological outcomes in these circumstances (Chen et al., 2020).


Individual resilience as a positive intervention strategy

Although ecological emotions like eco-anxiety, eco-worry, eco-grief and eco-anger have negative impacts on individuals’ mental health, it remains unclear whether these negative emotions are necessarily maladaptive or pathological (Usher et al., 2019). In contrast, some researchers argued that these emotional states could exert a positive influence on implementing eco-friendly actions (Verplanken and Roy, 2013; Clayton and Karazsia, 2020) with implications for pro-environmental behavior (Verplanken et al., 2020), and that pro-environmental behaviors like climate activism could offset the impact of cognitive-emotional impairment from eco-anxiety on depressive disorder symptoms (Schwartz et al., 2022). Moreover, eco-anxiety has an adaptive aspect linked with expectations, motivation, and hope. According to Sangervo et al. (2022), eco-anxiety and hope could be seen as intertwined, potentially motivating humanity to find solutions for climate change. Individuals with higher levels of eco-anxiety at a given time were found to be more likely to engage in pro-environmental behaviors (Pavani et al., 2023).

To be specific, the concept of eco-anxiety has been noted to harbor positive implications, encompassing the potential for encouraging ecologically sustainable behaviors (Pihkala, 2020a,b). Problem-solving responses represent mindful efforts to modify or alleviate the impacts of distressing events, which are often considered a suite of actions aimed at resolving the problems that induce unpleasant emotions (Lazarus and Folkman, 1984). Therefore, being involved in climate advocacy might kindle a sense of achievement or satisfaction, suggesting a healthy way to mitigate the toll that eco-anxiety exerts on individuals’ mental health (Schwartz et al., 2022).

Some studies even suggested that non-clinical eco-anxiety should no longer be viewed as a mental and psychological disorder as it might drive people to adopt problem-solving-centered adaptive coping strategies, enabling eco-anxiety to play a constructive role in alleviating negative emotions through relevant behaviors (Clayton, 2020; Verplanken et al., 2020; Ojala et al., 2021). For instance, some researchers argued that an increase in eco-anxiety could positively affect environmental behavior intentions (Chu and Yang, 2019; Wullenkord et al., 2021) and make individuals more willing to participate in implementing relevant policies (Sciberras and Fernando, 2021). Dividing environmental behavior into promotive and compensatory types, Gao et al. (2021) once discussed the impact of eco-anxiety in conjunction with self-differences and concluded that with high self-differences, eco-anxiety increases compensatory pro-environmental behavior by stimulating feelings of guilt. From an existential perspective, Budziszewska and Jonsson (2021) made a further conclusion that eco-anxiety might make individuals pay more attention to the meaning of their existence and see environmental action as a means of obtaining significance.

Then it is reported that eco-anxiety is higher among younger people with higher ecological concern and greater nature-relatedness, but this anxiety might predict a motivating force for effective pro-environmental action (Whitmarsh et al., 2022). Back in 2007, Hicks and Holden (2007) reported that young people with negative views on the global future also expressed strong beliefs that they could influence the climate problem and make changes for a better future. In 2009, Taber and Taylor (2009) showed that teaching about climate change among middle-school children could increase both their concern about this problem and their sense that the problem could be prevented.

To a great extent, eco-worry also goes hand in hand with a feeling of personal influence over ecological problems. Consistent studies from various age groups and periods have shown that eco-worry positively affects pro-environmental behaviors and intentions (Hine and Gifford, 1991; Ojala, 2008; Sundblad et al., 2014; Hornsey and Fielding, 2016; Coelho et al., 2017; Ogunbode et al., 2019; Bouman et al., 2020). Some findings also tied eco-worry with support for environmental policy (Smith and Leiserowitz, 2014; Bouman et al., 2020; Goldberg et al., 2021). In fact, early in 1999, Hokka et al. (1999) found that teens from Finland greatly concerned about environmental issues felt more responsible for the environment and acted more eco-friendly. Then, Ojala’s (2007) study also found that individuals’ concern over climate change drives positive engagement in environmental protection. Moreover, Verplanken et al. (2020) discovered a notable correlation between habitual eco-worry and a pro-ecological worldview, and this relationship might extend to a green self-identity, pro-environmental conduct, and a personality characterized by openness, strongly hinting at a constructive nature.

Being primarily studied from a clinical perspective, eco-anxiety and eco-worry have been most often associated with negative effects such as low well-being and anxiety disorders (Sibrava and Borkovec, 2006; Barlow et al., 2019). However, an early study about the subjective meaning of nonclinical worry has shown that eco-worry might act as an emotional motivator to keep an individual alert and prepared for action and analytical thinking (Tallis et al., 1994). This aligned with some applied studies in political psychology, showing that anxiety and worry are precursors for deliberation and critical thinking (Valentino et al., 2008; Marcus et al., 2011). In this way, eco-anxiety and eco-worry might stimulate engagement with larger societal issues through critical thinking processes (Ojala et al., 2021). Yet, it was believed that these nonclinical eco-anxiety and eco-worry facilitated adaptive behaviors only when situations were perceived as controllable; when uncontrollable, they could instead culminate in stress and low well-being (MacGregor, 1991; Tallis et al., 1994). Furthermore, through an existential perspective, eco-anxiety and eco-worry were perceived as rational and frequently constructive responses to threats against individuals’ fundamental values, signifying a mature way of confronting human beings’ responsibilities (Ojala, 2016; Pihkala, 2020b).

Besides eco-anxiety and eco-worry, eco-grief and eco-anger were also considered not just as negative emotions but also as part of a coping process during which a person attempted to deal with the loss of vital relationships with the ecological environment (Lazarus, 1991; Kofod and Brinkmann, 2017). Eco-grief might be a part of an adaptive process though it sometimes leads to negative outcomes including persistent complex bereavement disorder and depression under harsh circumstances (Lazarus, 1991; Gross, 2016; Lenferink et al., 2019). Then, Kleres and Wettergren (2017) once reported that both hope and guilt might spark action-oriented anger which could transform fear into action. Eco-anger was even found to predict greater engagement in collective action than eco-anxiety and eco-grief (Stanley et al., 2021).

Furthermore, several studies have found moderately large positive correlations between climate change concern and efficacy beliefs among adults (Heath and Gifford, 2006; Kellstedt et al., 2008; Milfont, 2012), implying that people who feel threatened by climate change also feel more efficacious about their ability to tackle the issue. According to Hornsey et al. (2015), there might be a causal relationship between the perception of climate change threats and beliefs in efficacy. They proposed that elevated efficacy convictions could result from perceived threats as a part of a motivated coping attempt whereby acknowledgment of the threat posed by climate change also operated as a motive to believe that the threat might be mitigated.




Limitation of individual resilience

To some extent, pro-environmental behaviors in the form of climate activism could soften the blow of climate change cognitive-emotional impairment on major depressive disorder symptoms caused by ecological emotions. However, such pro-environmental involvement might not effectively combat the negative impacts of ecological emotions as individuals might feel that their efforts make little difference in mitigating ecological crises (Boluda-Verdu et al., 2022), and then the ensuing frustration and despair could escalate due to such feeling. Just as Hickman et al. (2021) once argued, the root cause of global warming is primarily an unsustainable “system” (referring to politicians and corporations) and personal actions might not bring about significant progress. Moreover, among those who were equally concerned about climate change, the individuals feeling betrayed by those weak and lagging governmental responses were faced with increasing negative emotions.

The American Psychological Association characterized ecological emotions as a facet of personal mental health and well-being, and resilience was primarily regarded as an effective way for an individual to mitigate negative emotions and prevent declines in mental health and well-being (Clayton et al., 2017). This egocentric perspective is pervasive in the media and ingrained in the everyday language used to discuss the emotional impacts of environmental issues. Consequently, individuals grappling with ecological concerns and experiencing ecological emotions are often prompted to bolster their resilience to adjust personally to the emotional burden by governmental institutes, media and professional experts as they intend to guide different forms of psychological education and intervention. For instance, although eco-anxiety was described as an enduring fear of environmental catastrophe (Clayton et al., 2017), in many educational and media narratives, it’s not fear that matters, but rather a sense of personal responsibility accompanied by feelings of guilt and shame, which may be interpreted as a response to the internal conflict between a sense of personal responsibility, the urgency of climate change, and the enormity of the task which is impossible to achieve by any individual.

Indeed, ecological emotions have a significant social and political dimension. While the intent of boosting individual resilience aims to help individuals manage the threat of climate change, it often fails to account for the social factors behind the threat. Marks et al. (2021) once surveyed eco-anxiety across ten different countries, revealing that young people do not just worry about their future, but often feel betrayed by the inaction of political leaders. The feelings of betrayal and then helplessness reflect a lack of social environment support for sustainable lifestyles, pushing climate action onto individuals. Especially in the Global North, as there is a pronounced emphasis on individualism which holds individuals accountable for their life outcomes, the so-called logical approach to addressing ecological emotions focuses on resilience, that is, fortifying the coping capabilities of affected individuals so they can adapt to stress and persevere with their life tasks (Kałwak and Weihgold, 2022). As a result, inaction from government bodies, corporate sectors and massive industries related to ecological crises shifted the burden onto individual citizens. However, an individual is not equipped to address a global issue that affects all of humanity. In this way, individuals’ feelings of failure, depression and anxiety are amplified as they feel confronting severe ecological crises alone. Furthermore, the expense and burden of adaptation are often placed in local locations with fewer resources and power to avoid a reduction in national or international economic growth (Bottrell, 2009; Cannon and Müller-Mahn, 2010; MacKinnon and Derickson, 2013; McEvoy et al., 2013; Chapman et al., 2018).

The emotional impact of ecological problems is further deepened by a sense of abandonment by political and economic leaders, leading to feelings of helplessness and isolation (Weintrobe, 2012; Pihkala, 2020a). Although the promotion of collective action against ecological issues may mitigate this feeling of individual isolation, the sense of responsibility is construed as something of value and a driving force behind activism in activist circles. The problem is that, when activists frequently experience burnout and depression, the onus of coping with the emotional toll of combating ecological crises is often placed upon those individuals to preserve the physical and emotional resources necessary to sustain activism. Consequently, this discourse interweaves individual psychological aspects of ecological emotions with ethical and moral spheres, deeply affecting the emotional well-being of those individuals committed to ecological action.

In a word, recognizing ecological emotions requires attentiveness to their social and cultural elements as well as ethical considerations, particularly when implementing different types of psychological intervention. The current emphasis on individual resilience has been challenged due to its lack of attention to the root triggers of ecological emotions. To a large extent, this oversight may be attributed to the current research focus on the individual while treating the natural and social environment as secondary, and so this individualistic approach to ecological emotions perpetuates the transfer of responsibility for ecological crises to individuals. In the next part, we advocate for a multi-faceted counter-narrative that acknowledges sources of injustice and embraces diverse values.



Collective engagement as a potential intervention strategy

Environmental psychology seeks to address a growing need for mental health interventions pertaining to the psychological effects of environmental crises. An important issue is to prevent established knowledge and interventions in mental health from validating and perpetuating climate injustice. To this end, indigenous cultures could offer some solutions to this conceptual impasse through counter-narratives that inspire innovative ways of thinking and creating interventions (Wilson, 2008; Kimmerer, 2013; Cutter-Mackenzie-Knowles et al., 2020; Kałwak and Weihgold, 2022). Hence, there should be a re-evaluation of psychological discourse which has idealized resilient individuals adapting to ecological crises, and this reorientation could foster a counter-narrative of interconnectedness, promoting a more sustainable, equitable society (Kałwak and Weihgold, 2022).

As eco-anxiety is often interpreted as an internal, psychological and emotional issue within individuals, the common response is to advocate for emotional resilience as the solution. However, this approach risks overemphasizing the needs, identities, and emotions of those who contribute to ecological issues, potentially allowing them to revert to an anthropocentric view of the world. In contrast to focusing on individual resilience, some researchers highlighted ecological emotions as a key catalyst behind collective engagement. For instance, Ojala (2007) found that young Swedish adults involved in environmental and global justice groups have acknowledged eco-anxiety as a key component in their involvement, and another study (Kleres and Wettergren, 2017) recognized the interplay of fear and hope in encouraging and maintaining engagement toward environmental activism. Yet, this emotional mix was predominantly observed among activists from the Global North while those from the Global South expressed feelings of fear, guilt, and anger, suggesting cultural or structural variations might influence emotional engagement related to climate change and other environmental issues (Ojala et al., 2021). In this way, while individualism erodes social connections, breeds isolation, and inaccurately represents ecological realities (Gillespie, 2020), engaging with feelings associated with nature and developing relationships with others who share the same experiences can ameliorate the stress related to ecological emotions. Therefore building relationships with others who resonate with our emotions is vital for sustaining emotional well-being (Kałwak and Weihgold, 2022).

In fact, for some people, worry about global environmental problems takes the form of macro worry with moral and ethical implications, as the worry is not centered around themselves or their loved ones but focuses more distantly on elements like people residing in foreign countries, animals, nature, and future generations (Lee and Barnett, 2020). This form of macro worrying is most prevalent among people who highly value global justice, peace, equality, and the welfare of nature and animals (Bouman et al., 2020; Helm et al., 2021). Moreover, it’s important to note that political orientation also plays an important role, with politically left-leaning persons expressing higher levels of worry than right-leaning ones (McCright and Dunlap, 2011; Gregersen et al., 2020). Hence, the concern people express is not solely due to scientific facts but also involves subjective aspects like values and political orientation.

In a word, sharing experiences within a group cultivates a sense of interconnectedness and provides actionable strategies to combat the negative effects of ecological emotions. However, this sense of connection is not limited to solidarity and support among human beings. Unlike the dominant Western perception of nature as a commodity or resource, indigenous beliefs appreciate the Earth as a living entity filled with spirit. In the indigenous perception, the Earth constantly provides food, water and shelter, and so humans, as the recipients, have the responsibility in return to preserve enough resources so that all beings can continue to thrive (Kimmerer, 2013). This perspective fosters a reciprocal relationship between man and nature, involving specific duties and responsibilities. As long as these obligations are fulfilled, a balanced relationship between humans and nature can be maintained (McGregor et al., 2020). Furthermore, this balance leads to a holistic view. Ross (1989): Preface II once put forward his holistic view that “American Indians are all one people.” Inspired by Eastern Buddhism, Zen and Taoism, Ross (1989, p. 32) observed that the symbol of wholeness of the psyche is a circle with designs representing balance, not the original symbol of Christianity (a circle with an “X” within), which, as he mentioned in Dr. Jung’s words, represents man’s belief in the delusion that he is superior to nature, suggesting the modern man in the predominantly Christian society is out of balance. Anyway, when discussing relationships from the indigenous perspective, it’s not only about human-to-human interactions, but also about the broader scope of relations with the more-than-human, such as the land, cosmos, and abstract ideas. As Boyd et al. (2023) once argued, eco-anxiety can be taken as an emergent form of posthuman knowledge, predominantly characterized by vulnerability rather than affirmation. Hence the fostering of ethical relationality through meaningful encounters with multiple species presents potential for transmuting this vulnerability and alleviating the anxiety.

To a great extent, reflecting on the contemporary world’s ecological crisis and the ensuing ecological emotions from the perspective of humanistic values has significant enlightening implications. Similar to Indians’ holistic view, classical Chinese philosophy features characteristics of organic wholeness. The concept of “Tian Ren He Yi” (天人合一) represents the “main keynote” of ancient Chinese philosophy (Liang, 2010: 59), and its basic meaning is “the intrinsic unity between humans and nature” (Meng, 2004: 5). Confucianism, Taoism, and Mohism all share the same kind of pursuit of the unity of humans and nature (Fang, 2013). Unlike Western culture, which tends to set humans and nature in opposition, the philosophy of “Tian Ren He Yi” advocates that humans should adapt to rather than conquer nature, which is a valuable ideological resource for alleviating ecological emotions caused by ecological crises (Fei, 2004). In this way, the idea of “Tian Ren He Yi” contains a wealth of ecological wisdom. Then, Confucianism advocates “Min Bao Wu Yu” (民胞物与), emphasizing the fraternal relationship between man, nature and all other things and asserting that humans should not dominate over nature. This humanistic concern of “Min Bao Wu Yu” exemplifies the practical implementation of the philosophy of “Tian Ren He Yi,” affirming the connection between all things in nature and humanity. It both acknowledges humanity’s use of nature for survival and development and restrains the exploitation of natural resources, embodying an aspiration for harmonious coexistence between humans and nature (Zhang, 2023). At last, Taoism promotes the principle of “Dao Fa Zi Ran” (道法自然), asserting that harmony between humans and nature, as well as among humans themselves, can only be achieved by adhering to and complying with the laws of nature.

Indeed, as a fundamental concept in traditional Chinese culture, humans and nature form a dynamic equilibrium in an organic system and humans have always coexisted with nature and all its creatures. To a great extent, Chinese traditional philosophy is a kind of Nature Philosophy, that is, the philosophy that observes, experiences, and interprets the universe, society and life from the perspective of nature (Lu, 2012). To Chinese people, the best state of life is to unite with nature to find peace of mind: they will try their utmost to forget the self and the object to be in harmony with nature (He, 1988). In fact, many Western ecological philosophers have found inspiration in Chinese philosophy. Nash’s ecological holism was deeply influenced by Chinese Taoism. To him, at the core of Taoism was “a rejection of the dualism and anthropocentrism that so thoroughly colored traditional Christianity”; by “advocating the submersion of the human self in a larger organic whole they cleared the intellectual way for environmental ethics” (Nash, 1989, pp. 112–113). Marshall also thinks that Taoists take a holistic view of the universe, recognizing the ecological principle of unity in diversity, as the whole is greater than the sum of its parts, in nature as well as in society” Marshall (1992).



Discussion

Seen from the established literature, ecological emotions first attracted the attention of clinical psychology and then extended to fields such as environmental psychology. Based on the concept of trait anxiety and state anxiety, we first sort out the existing study of the concept of ecological emotions such as eco-anxiety, eco-worry and eco-anger, dividing clinical and non-clinical ecological emotions with the latter as our focus. Then, we summarize the research progress on ecological emotions, classifying the causes of ecological emotions from internal and external perspectives, and sorting out ecological emotions’ effects especially negative impacts on sensitive populations. At last, we examine the spectrum of ecological emotions and their multifaceted impacts on mental health, exploring intervention strategies from individual resilience to collective engagement.

We identify both individual resilience and collective engagement as crucial intervention strategies, yet their roles are not entirely complementary. Individual resilience tends to focus on psychological adaptation to stressors, often promoting personal coping strategies that may inadvertently support status quo attitudes toward environmental degradation. This inward focus, while beneficial for personal mental health, can be critiqued for not addressing the broader socio-political frameworks that perpetuate ecological crises. On the other hand, collective engagement is framed as a more inclusive and potentially transformative approach. It not only addresses the emotional toll on individuals but also fosters a shared sense of purpose and action that could lead to systemic change. This strategy is particularly poignant in its inclusion of the holistic perspectives of indigenous and Chinese philosophy, which offer a relational understanding of nature and emphasize collective over individual well-being.

We capture the influence of socio-cultural contexts on the experience and expression of ecological emotions. Vulnerable populations, including indigenous peoples and residents of developing countries, often experience more intense ecological emotions due to direct and profound connections with their environment. The interplay of cultural values, media influence, and political ideologies also shapes how ecological emotions are perceived and acted upon, suggesting that any intervention must be culturally sensitive and aware of these dynamics to be effective.

Indeed, it is out of these ecological emotions’ significant repercussions on vulnerable communities that we endeavor not only to underscore the plights of individuals but also to reimagine potential pathways through which these emotional responses can be transformed from private distress to collective empowerment. Central to this dialog are the elements of indigenous wisdom and the foundational concepts of traditional Chinese philosophy, which when interwoven offer a richer, more communal paradigm for ecological activism.

Indigenous cultures across the globe have long held a profound connection with the Earth, embodying a symbiotic relationship that regards nature not as a resource to be exploited but as a living entity to be respected. This relational understanding fosters a collective conscience and acknowledges the intrinsic value of all life forms. Indigenous teachings such as those of the Indian concept of “Mitakuye Oyasin” (We are all related) invite us to see beyond the confines of individualism and recognize our shared responsibility toward the Earth and each other. Similarly, traditional Chinese philosophy imbues its connectedness with nature through principles like “Tian Ren He Yi.” These ideologies promote harmony between humans and the natural world, guiding us to model societal structures and personal behavior on the patterns and cycles inherent in nature.

By drawing on these ancient wellsprings of knowledge, we can anchor ecological activism not in the pathology of distress, but in the recognition of a shared destiny and mutual belonging. The sense of urgency stimulated by ecological emotions can thus be rechanneled from isolating experiences of anxiety, stress, or depression into a potent force for community-driven change. We suggest that ecological emotions, when collectively acknowledged and directed, have the potential to galvanize a form of activism that is deeply rooted, sustainable, and imbued with care for the community and our environment. To handle the growing ecological emotions efficiently, we had better jump out of the limitation of human-to-human interactions of Western anthropocentrism to pursue the unity of humans and nature with the help of the holistic and collective wisdom of indigenous cultures and Chinese traditional philosophy.

In the interpretation of the findings, our results have to be treated with caution since the methodological foundation of the research was less than ideal. Most studies were conducted cross-sectionally and the pool of data for the narrative review was somewhat limited. A more focused examination of this global health concern is certainly warranted as we move forward, and so a big challenge lies in evaluating each ecological emotion independently. Yet, a more complicated priority is how to make full use of the holistic wisdom of indigenous cultures and Chinese traditional philosophy to explore the potential change of nonclinical intervention strategy from Western individual resilience to the holistic and collective engagement.
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Previous research has found that nature connectedness, an experiential close connection to nature with cognitive, affective and physical benefits, profoundly impacts individual wellbeing and subsequently increases pro-environmental behaviors. However, little is known about the personal and contextual factors that predict nature connectedness. Testing theory derived from a qualitative interpretative phenomenological analysis study, this research addresses the lacuna in the literature. A structural equation model analysis finds that interoceptive awareness significantly predicts nature connection, that secure attachment to nature significantly explains this relationship, and that these inter-related constructs predict both pro-environmental behavior and wellbeing. This revised model of nature connection indicates important antecedents for the human-nature bond, illuminating in particular that the interpersonal relational processes foundational for close bonding with humans also occur in bonding with nature. Structural equation modeling indicates that emotional awareness is the dimension of interoceptive awareness that most significantly predicts nature connection, suggesting that the more aware a person is of the connection between inner bodily sensations and emotions, the more likely they can bond with nature. Given that interoceptive awareness indicates a coherent relationship with the self, including effective communication between body, mind and feelings, this process is therefore implicated in the capacity for humans to bond with nature. In sum, this present research points to the efficacy of an embodied, secure attachment with nature to help close both the human-nature disconnection chasm, and the environmental value-action gap. Theoretical and methodological implications for research and policy are discussed.
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1 Introduction

Human-caused climate change, advanced through rapid industrialization over the past two centuries, has led to rampant biodiversity loss, extensive-reduction of wetlands and woodlands, and negative transformation of ice-free land and oceans with economic (Burke et al., 2015), social (Goldstein, 2016) and health (Smith and Myers, 2018) consequences. The global rate of nature's decline is unprecedented in human history and is directly linked to human actions, with one million species threatened with extinction and 69% of animal populations already having been lost since 1970 (Brondizio et al., 2019). This evidence suggests human complicity in the rampant loss and damage of nature, which also lays bare an ongoing coloniality, co-constitutive of processes of capitalism and imperialism (Sultana, 2022). Disconnection from nature is one of the fundamental root causes from which environmental change results (Redvers et al., 2023). The human-nature relationship, or the connectedness between humans and nature, a psychological term that captures various aspects of the human relationship to nature, has been severely damaged (Ives et al., 2017; Richardson, 2023). If the apparent dissolution of the relationship between humans and nature continues, societies will increasingly operate outside safe planetary boundaries, a concept introduced in 2009 to define the environmental limits in which humanity can safely operate (Steffen et al., 2015). Yet, the human-nature relationship is essential to mitigate climate collapse, illustrated by a recent meta-analysis of 147 correlational studies indicating that the strength of the human-nature relationship is critical for predicting resource management and sustainability (Barragan-Jason et al., 2022). The same meta-analysis also analyzed 59 experimental studies and found that environmental education leads to no effect on pro-nature behaviors, whereas people with higher nature connectedness have significantly more pro-nature behaviors, and are also significantly healthier. This evidence points to an interdigitated relationship between nature connection, pro-environmental behaviors and human health. Nature connection is linked to mindsets that value sustainability and behaviors that enhance it. Therefore, concerted effort is necessary to explicate both the root causes of this disconnection and discover leverage points for reconnection.


1.1 Nature connection

Empirical studies suggest nature connection can have immense benefits for humans, including improving individual wellbeing (Lambert et al., 2020), with mood (MacKerron and Mourato, 2013), cognitive (Berman et al., 2008), health (Frumkin, 2001), and longevity (Mitchell and Popham, 2008) benefits, indicative of nature's importance for overall optimal health (Aberson et al., 2000).

Recent epidemiological studies demonstrate the association between people's perceived health and availability of green space (de Vries et al., 2003; Maas et al., 2008), suggesting that the urban-rural health gap is mediated by a discrepancy in nature availability (Richardson et al., 2020). Several public health experimental studies have also discovered positive physiological benefits as a result of exposure to nature in diverse ways, including forest bathing, mindful exposure and even virtual contact (Song et al., 2016; Frost et al., 2022; Kotera et al., 2022).

Nature connection can also restore emotional and cognitive resources. In a meta-analysis of empirical research surveying 32 studies with a total of 2,356 participants, exposure to natural environments was associated with a moderate rise in positive affect and small, but consistent, decreases in negative affect (McMahan and Estes, 2015). The stress-reduction theory [SRT; (Ulrich et al., 1991)], and the satisfaction of the need to be connected to the natural world as theorized by the Biophilia hypothesis (Wilson and Kellert, 1993), could explain these results. While these findings are suggestive of nature's impact on emotional resourcing, the mechanism of emotional regulation is unclear.

Emotional regulation mediates the relationship between nature connection and happiness (Richardson and McEwan, 2018), and between nature connectedness and stress (Bakir-Demir et al., 2021), however more research is needed to understand the relationship between emotional regulation and nature connection. If nature connection is indeed primarily an emotional bond as Richardson and McEwan (2018) argues, then investigating personal factors that determine these emotional regulation capacities is potentially important.

The theoretical background of nature connection, or nature relatedness, draws on Wilson's Biophilia hypothesis, which theorizes that humans are born with an innate tendency to affiliate with nature (Wilson, 1984). Nature connection is different than exposure to greenspaces, defined as open, undeveloped land with natural vegetation (Twohig-Bennett and Jones, 2018), as well as outdoor learning environments (Harris, 2021). While simply being amongst nature suggests a form of passive engagement and potentially perpetuates the very objectification of nature that nature immersion attempts to correct, nature connection is generally concerned with the aesthetic, intellectual, cognitive, spiritual and emotional dimensions of connection, as put forward by Wilson (1984). However, the nature connection literature contains multiple and conflicting definitions of nature connection, which is also reflected in measurement.

In some cases, nature connection is defined cognitively as being part of nature or self in nature (Richardson et al., 2021; Barragan-Jason et al., 2022), while other scholars argue it is a capacity to feel a pleasant and secure connection to nature (Baxter and Pelletier, 2019). Still others suggest it is an emotional and psychological connection to nature (Richardson et al., 2021), and yet others as a function of love and deep caring for nature (Perkins, 2010). Nisbet et al. (2019) stress that nature relatedness is a multi-dimensional construct which captures several facets of human-nature relationships including cognition, affect and experience. Overall, nature connection scholars converge on agreeing that nature relatedness is distinct from a general sense of connection or environmental attitudes (Nisbet and Zelenski, 2013). Yet what exactly is nature connection?

Recent meta-analyses of the empirical nature connection studies (Tam, 2013; Whitburn et al., 2020) suggest that it is both inconclusive which measures properly capture the nature connection construct, and how divergent or convergent they are. The result is diffuse approaches to increasing so-called nature connectedness without consistency in what it is that is being targeted. Furthermore, while these definitions seem to capture the subjective sense of connectedness with nature and claim to operationalise a relationship between humans and nature, the mechanism of relationship between humans and nature remains unclear.

Empirical nature connection studies mostly test the efficacy of various intervention designs, including comparing dosage length and frequency (e.g. brief vs. extended), as well as different types of nature exposure (e.g. nature walks, noticing nature, virtual, various primes including active or passive attention, etc.), which all focus on how to increase nature connection. What remains missing is further explication on what this relationship comprises of.

In a study that sought to go beyond general nature contact knowledge and knowledge-based activities, specific routes to nature connectedness were examined, systematically structured around the nine values of the Biophilia hypothesis (Lumber et al., 2017). Contact, emotion, meaning, and compassion were identified as ‘routes' or pathways to increasing nature connection. Another study using data from a large national survey in the United Kingdom, revealed that noticing nature vs. spending time in nature, explained levels of nature connectedness (Richardson et al., 2022). In both of these examples, the ways to increase nature connection are more illuminated, and yet the mechanism of relationship between humans and nature remains muddled. If empirical research continues to only test how connected to nature people are but not what this relationship equates, important mechanisms of action as well as critical personal factors in predicting nature connectedness will go overlooked.

In addition, empirical studies suggest nature connection is not just important for wellbeing (Dean et al., 2018), but can even motivate pro-environmental behavior (Whitburn et al., 2020). In a meta-analysis of 37 independent samples from 26 studies of 13,237 individuals, a random-effects model demonstrated a positive and significant association between connection to nature and pro-environmental behaviors (Whitburn et al., 2020). This is the strongest empirical evidence in the nature connection science literature to date of the link between nature connection and pro-environmental behaviors. With public health demands increasing for research that can meaningfully address what is called the environmental value-action gap, or the gulf between one's understanding and care of nature and a willingness to act on behalf of nature (Barr, 2006), as well as to create new ways to work together for a just and sustainable future (Redvers et al., 2023), this evidence is promising.



1.2 Relational attachment to nature

Therefore, to examine a relationship with nature, then understanding both the human motivation for bonding with nature through the lens of relational attachment theory could be efficacious, in addition to isolating the core emotional regulation capacity. Secure relational attachment as first theorized by Bowlby (1969), provides a basis for healthy self-relating and the capacity for intimate relationships throughout the lifespan (Bowlby, 1969; Ainsworth, 1978; Mikulincer and Shaver, 2003). Schaller (2007) believed that secure attachment is important for such a diverse range of meaningful outcomes that, a “sense of secure attachment may be the psychological equivalent of a broadband antibiotic” (p. 191). Research by Mikulincer and Shaver (2003) suggests that when attachment security is made salient, it creates not just a sense of interpersonal attachment, but security in general.

Building on the half-century of research since Bowlby's attachment theory was put forward, attachment security in relation to nature connectedness is worth investigating as an avenue to get closer to the processual relationship between humans and nature. In an empirical study to investigate the psychological determinants of place attachment, which is defined as “the bonds that humans share with particular settings” (Nisa et al., 2020), attachment security was induced, which was found to increase the strength of place attachment, particularly in individuals with insecure attachment styles (Nisa et al., 2020). In the first study to examine if a sense of connectedness deriving from secure attachment could indeed extend to external environments, Nisa et al found that the ability for humans to connect with humans is crucial to understanding how humans bond with place. Over four studies, results indicate that attachment style is associated with the strength of place attachment (Nisa et al., 2020). While Nisa et al.'s research suggests a link between attachment security and attachment to place, more research is needed on attachment security and attachment to nature, specifically on the role of secure attachment to mediate the relationship between potential personal factors and nature connectedness.

To further this point, a review on personal and social influences on environmental concern indicated that personal identification with a place is a critical predictor of environmental concern and behavior (Gifford and Nilsson, 2014), therefore suggesting that the role of bonding takes a part in explaining individuals' responses to environmental problems. Therefore, it is feasible to investigate a motivational framework toward connecting with nature that is partially satisfying of the interpersonal need to attach, drawing upon the belongingness hypothesis (Baumeister and Leary, 1995), and expressed via individual differences in attachment style.

Since the bonds humans develop with other humans are consequential to how humans bond with place, this present research seeks to understand if human attachment is likewise related to the processual mechanism of bonding with nature.

The literature on nature connection supports the importance of interpersonal processes within the human-nature bond, exploring in multitudinous ways that a close relationship with nature is a basic human psychological need from cognitive, emotional and physiological dimensions, and one that must be filled in order to experience increased wellbeing (Baxter and Pelletier, 2019; Richardson et al., 2021). Baxter and Pelletier (2019) argue that this psychological need is only satisfied by in vivo immersive experiences in nature that are pleasant.

However, the nature connection literature often defines nature connectedness as nature immersion and nature exposure (Baxter and Pelletier, 2019), ignoring interpersonal relational process mechanisms. More specificity is needed to understand the interpersonal processes within the human-nature bond.

One phenomenological study explored participants' experiences with the natural world and found that the natural world was indeed experienced as a primary attachment figure, a secure base, and as embodied (Schweitzer et al., 2018). These results support the need for more research into relational attachment and embodied factors of nature relatedness. In sum, explicating the human-nature relationship as a function of a secure attachment to nature, and examining it as a personal factor of nature connectedness, would fill the gap in the nature connection science literature related to the mechanism of human-nature bonding.



1.3 Interoceptive awareness as emotional regulation mechanism

Considering that emotional regulation is important in maintaining secure human relational attachment (Ferraro and Taylor, 2021), emotional regulation could be likewise critical in the human-nature attachment. Health science and biomedical literature offers a framework to understand the role of the body in emotional regulation, through the construct of interoceptive awareness (body awareness). Interoceptive awareness refers to the processing and central representation of afferent internal bodily signals (Critchley and Garfinkel, 2017). Interoceptive awareness is based on an interoceptive predictive processing framework in which emotional feeling states arise from physiological changes in the body. Increased body awareness improves accurate detection of emotional states and boosts regulation of them (Critchley and Garfinkel, 2017; Quadt et al., 2018).

Interoceptive awareness is derived from peripheral theories of emotion (James, 1884), and has been found to have special efficacy to reducing anxiety (Dunn et al., 2010) through improving emotional regulation (Füstös et al., 2013; Dunne et al., 2021), is integral to higher-order cognition (Khalsa et al., 2017), and is thought to facilitate regulation of an integrated sense of self by decreasing distress will be (Price and Hooven, 2018). According to Price and Hooven (2018), when applying reappraisal as an emotion regulation strategy, interoceptive awareness facilitates the downregulation of affect-related arousal.

These findings suggest that the more aware a person is of ongoing bodily processes, the more successful this person's emotion regulation in response to negative affect. A correlational study found that interoceptive awareness and dispositional mindfulness, which is thought to encourage insight into the relationship between mind and body, are tightly interwoven and partly overlapping constructs, and that both are independently linked to psychological wellbeing (Hanley et al., 2017). Yet while interoception has also been seen to improve emotional regulation amongst autistic populations (Nord and Garfinkel, 2022), and a putative target for novel interventions to address neural activation in specific psychiatric disorders (Nord et al., 2021), there has been no published research into the potential interconnection between body awareness and nature connection.

Even though nature connection studies have investigated the relationship between physiological health and nature connection, body-based awareness has been measured only as physiological health indicators. For example, the benefits of “forest bathing” (therapeutic restorative-effects of physiological relaxation in a forest or natural environment) have been found to improve physical and mental health, defined as a decrease in the most prevalent mental health disorders (e.g., depression, anxiety and stress) (Song et al., 2016; Kotera et al., 2022). Forest bathing is a type of nature connection practice dependent on immersing oneself in nature using the senses (Song et al., 2016; Timko Olson et al., 2020), which could be argued increases somatosensory areas and interoceptive pathways (Medeiros et al., 2023). However, the engagement of one's senses in these interventions is via an external focus vis à vis paying attention to internal bodily sensations. In a recent meta-analysis of the human-nature relationship as a pathway to sustainability, 59 experimental studies were analyzed that attempted to increase nature connectedness (Barragan-Jason et al., 2022). Out of the six types of experimental designs identified, none primed participants to pay attention to inner bodily sensations.

Given that body awareness is connected to emotional regulation (Khalsa et al., 2017), and emotional regulation has been cited as important for nature connection (Korpela et al., 2018; Richardson and McEwan, 2018), the role of body awareness in the human-nature relationship deserves attention. Richardson and McEwan (2018) linked emotional regulation to the wellbeing benefits of nature connectedness, highlighting the role of affect regulation. Yet mechanisms that predict emotional regulation are not captured in existing nature connection studies. Common predictors in nature connection studies include demographic information, nature-exposure condition, and individual differences like mind-attribution, the big five personality traits (Tam, 2015), spiritual and religious attitudes (Preston and Shin, 2022), personal intentions (Sparks et al., 2014), and eudaimonic values (Shin et al., 2022). Empirical studies in nature connection therefore investigate what can increase nature connectedness, but not necessarily what personal factors are essential for nature connectedness to occur.



1.4 Preliminary study development

The theoretical framework of this present study was informed by the results of an interpretative phenomenological analysis (IPA) study. The methodology of analysis was followed step-by-step as outlined by Smith et al. (2022). In-depth interviews lasting 1.5 h were conducted with six environmental activists to better understand the phenomenology of their human-nature bond. Considering these people were already utilizing their professional lives to address climate collapse, understanding their relationships with nature could be efficacious to illuminating the experience of the human-nature bond, revealing gaps and areas for further research. In addition, the majority of nature connection research is conducted amongst mainly Western, Educated, Industrialized, Rich and Democratic nations [WEIRD; (Henrich et al., 2010)]. I sought to correct for this in part by orienting this research first in the perspectives of Black, Indigenous and People of Color in an interpretative phenomenological analysis study.

The ramifications of the separation between humans and nature have wrought cumulative harms to biodiversity, lands and waters, intertangled with the interlocking oppressions of race, class, gender and other axes (Sultana, 2022). The IPA study asked: what is an equitable relationship between humans and nature that can challenge the normalization of climate breakdown and meaningfully address it?

Four group experience themes emerged:

	• Body awareness: the experience of the body is a vehicle of sensory connection and communication with nature.
	• Relational attachment: the emotional and intimate close bond with nature occurs through the attachment mechanism.
	• Entangled identity and sacred cosmology: widening individual identities beyond the locus of the individual “self,” into entanglement is precipitated on anthropomorphic and animistic tendencies.
	• Intersectional environmentalism: a close bond with nature motivates intersectional justice as an experiential act, rooted in reciprocal relationship.

Since interpretative phenomenological analysis studies are based on a discrete number of cases and not meant for generalizability (Smith et al., 2022), it was necessary to examine these dimensions with other methods suited for understanding individual differences in line with a broader research aim. The following study can be seen as inspired by these IPA results. Two dimensions, body awareness and relational attachment, were taken forward in the following study. The entangled identity theme was not taken forward since there is already ample evidence in the existing literature to the importance of an interdependent self-construal in a bond with nature. For example, the widely-used Inclusion of Nature in the Self Scale (INS) developed by Schultz (2002). A meta-analysis found that INS had a small but significant effect size (r = 0.0.25) in predicting pro-environmental behavior (Whitburn et al., 2020). The fourth theme, intersectional environmentalism, requires developing new scale items to reflect these behaviors, which are not currently captured in pro-environmental behavior or sustainability behavior scales. This author has done so and that scale is in development.



1.5 This present research

The statement of purpose for this research is as follows: are body awareness and relational attachment critical personal factors that explicate the human-nature relationship? Furthermore, does a relationship with nature benefit not only human health but influence pro-environmental behaviors and human wellbeing?

This present research seeks to utilize structural equation modeling to investigate support for the following redefinition of nature connectedness: an embodied, secure relationship with nature with positive personal and collective wellbeing consequences.

An online survey research design was chosen as a first step to validate the above definition of nature connectedness given its robustness in estimating inter-relationships between constructs.

One way to bridge the disconnection between humans and nature is through restoring an equal-status relationship between humans and nature. The science of nature connectedness gets close to this aim, but this present research argues, does not yet go far enough.

This research agenda is split into the following hypotheses:

	• Interoceptive awareness predicts nature connectedness.
	• Interoceptive awareness predicts nature connection even after controlling for covariates.
	• A revised theoretical model of nature connection indicates support for a reciprocal, embodied, secure relationship with nature.
	• Relational attachment mediates the relationship between interoceptive awareness and nature connection.

The proposed structural model under investigation in this study is below (see Figure 1). Based on previous studies, a relationship is expected between nature connection and pro-environmental behavior (Mackay and Schmitt, 2019), as well as from nature connection to wellbeing (Martin et al., 2020). Interoceptive awareness is expected to predict nature connection (Hypothesis 1), even when controlling for confounds (Hypothesis 2) but that not all dimensions of interoceptive awareness will be significant. The revised structural model of nature connection (Hypothesis 3) will enhance theoretical precision of the human-nature bond and its impacts and support this study's definition of nature connectedness. Relational attachment will mediate the relationship between interoceptive awareness and nature connection (Hypothesis 4). This data is correlational and so causality claims should be considered with caution.


[image: Flowchart illustrating relationships between concepts. "Interoceptive Awareness" leads to "Nature Connection", which links to "Well-Being". "Relational Attachment" and "Pro-Environmental Behaviour" both connect to "Nature Connection". Arrows indicate direction of influence.]
FIGURE 1
 Hypothesized relationships between constructs. This figure theorizes how the personal factors of Interoceptive Awareness and Relational Attachment predict Nature Connection and subsequent wellbeing and pro-environmental behavior which build on previous literature (Martin et al., 2020).





2 Materials and methods


2.1 Participants and procedure

Participants included a convenience sample from the United Kingdom and the United States recruited on Prolific, an online research platform, who passed two attention checks and gave informed signed consent (N = 299). The final sample (61.20% female) ranged from 19 to 93 years old (M = 39.75, SD = 15.41) with varying levels of education; high school (15.41%), undergraduate (75.90%) and graduate (8.70%). Participants were mostly White (73.6%), and some rated religion as extremely important (28.1%).

For those who had childhood contact with nature, 25.75% rated it as extremely important (M = 3.6, SD = 1.12).

For full demographic summary statistics see Table 1.


TABLE 1 Demographic summary statistics of sample.

[image: Summary statistics table showing sample data of 299 people. Marital status: 49.2% single, 34.8% married, 16.1% widowed/divorced. Ethnicity: 73.6% White, 10.4% Hispanic, 6.7% Black/mixed, 9.4% Other. Religion: 29.4% Christian, 7.4% Catholic, 4.7% Eastern Spirituality, 2.3% Jewish, 11.4% Atheist, 16.7% Agnostic, 28.1% Other. Religion importance: 28.1% extremely important, 25.8% very important, 18.7% moderately important, 14.0% not really important, 13.4% not at all important. Percentages in parentheses.]



2.2 Measures

All outcome measures, including means and standard deviations, are listed in Table 2. Independent variable measures are listed in Table 3 including subdimensions. Confound variables including means and standard deviations are in Table 4. The measures are listed below including Cronbach alpha reliability statistics.


TABLE 2 Overview of all items used as outcome variables, with descriptive statistics.

[image: Table displaying outcome variables categorized into "Love and care for nature," "Pro-environmental behaviors," and "Vitality." Each statement is associated with a mean (M) and standard deviation (SD) score. Examples include enjoying nature, feeling interconnected with nature, signing petitions, composting, and expressing vitality. Descriptive statistics help quantify attitudes and behaviors related to these themes.]


TABLE 3 Overview of all items used for interoceptive awareness including subdimensions with descriptive statistics.

[image: Table displaying interoceptive awareness factors with mean scores and standard deviations for a sample size of 299. Categories include Noticing, Not-distracting, Not-worrying, Attention-regulation, Emotional awareness, Self-regulation, Body listening, and Body trust. Each category contains statements related to bodily awareness and corresponding mean ratings with standard deviations, reflecting how participants perceive and interact with their physical sensations.]


TABLE 4 Overview of all items used as confound variables with descriptive statistics.

[image: Summary table of participants, N equals two hundred ninety-nine. Meaningful psychedelic experience: 10.7% extremely important, 9% very important, 9% moderately important, 7.7% not really important, 5.7% not at all important, 57.9% never had an experience. Meaningful mystical experience: 0.7% extremely important, 6% very important, 11.7% moderately important, 11.4% not really important, 12.4% not at all important, 57.9% never had an experience. Frequency spending time in nature as a child: 32.4% daily, 39.5% multiple times a week, 11.4% once a week, 3.7% once a month, 8% few times a year, 5% rarely. Openness scores include having a rich vocabulary (3.886), having difficulty with abstract ideas (2.201), and more. Data presented with mean and standard deviation.]


2.2.1 Interoceptive awareness

Interoceptive sensibility is defined as the self-perceived tendency to focus on interoceptive stimuli (Desmedt et al., 2022). According to Khalsa et al. (2017), this construct is well-captured by the 37-item scale, Multidimensional Assessment of Interoceptive Awareness (MAIA) (Mehling et al., 2012, 2018). The MAIA includes the following eight subdimensions; (1) Noticing (e.g. “I notice where in my body I am comfortable”), (2) Not-distracting (e.g. “I distract myself from sensations of discomfort”), (3) Not-worrying (e.g. “When I feel physical pain I become upset”), (4) Attention regulation (e.g. “I can return awareness to my body if I become distracted”), (5) Emotional awareness (e.g. “I notice how my body changes when I am angry”), (6) Self-regulation (e.g. “I can use my breath to reduce tension”), (7) Body listening, (e.g. “I listen to my body to inform me about what to do”), (8) Trusting (e.g. “I am at home in my body”). Responses included nine reverse-key items and were rated on a scale from 1—Never to 5—Always (α = 0.91).



2.2.2 Nature connection

The 15-item Love and Care for Nature Scale (LCN) was chosen due to the explicitly emotional dimensions of love and deep caring it captures which is in line with the theoretical proposition of this study (e.g. “I feel a deep love for nature; Perkins, 2010). The LCN scale has been used consistently throughout the nature connection literature (Tam, 2013). Responses included no reverse-key items and were rated on a scale from 1—Strongly disagree to 7—Strongly agree (α = 0.97).



2.2.3 Wellbeing

Eudaimonic wellbeing is the most consistently enhanced form of wellbeing according to the nature connection literature (Pritchard et al., 2020). Among the various dimensions of eudaimonic wellbeing (such as positive affect and life satisfaction), vitality is most strongly associated with nature connectedness (Capaldi et al., 2014). Therefore, the 6-item Vitality Scale was used to measure eudaimonic wellbeing (“I feel alive and vital”; Ryan and Frederick, 1997). Responses included no reverse-key items and were rated on a scale from 1—Not at all true to 7—Very true (α = 0.90).



2.2.4 Pro-environmental behavior

An 8-item scale was used to assess both personal and public sphere PEBs, according to a coherent theory on pro-environmental behavior (Stern, 2000), with questions from Martin et al. (2020). Personal sphere pro-environmental behaviors included items related to recycling, conserving gasoline, buying ethical fashion, plastic use and more. Public sphere PEBs included items related to lobbying, voting, veganism and more. The scale was kept as one dimension instead of two, due to low reliability if kept separate. Responses included no reverse-key items and were rated on a scale from 1—Never to 7—Always (α = 0.81).



2.2.5 Relational attachment humans

The proposed mediator is both human-human and human-nature relational attachment. The 9-item Experiences in Close Relationships measure was utilized (Wei et al., 2007), which is considered to have the greatest precision and validity in measuring relational attachment (Fraley et al., 2000). The scale investigates approach-avoidance (e.g. “I don”t feel comfortable opening up to others”), approach-anxiety (e.g. “I”m afraid that other people may abandon me”), and security in human-human relationships (e.g. “It helps to turn to people in times of need”). The first four items are reverse-keyed and were rated on a scale from 1—Strong disagree to 7—Strongly agree (α = 0.86).



2.2.6 Relational attachment nature

In addition, per the authors admonition, I adapted the relational attachment scale to substitute words of nature in order to measure attachment to nature which became a secondary measure. The scale investigates human-nature approach-avoidance (e.g. “I don”t feel comfortable getting close to nature”), human-nature approach-anxiety (e.g. “I”m afraid that nature may abandon me”), and human-nature relational security (e.g. “I am supported by nature”). The first four items are reverse-keyed and were rated on a scale from 1—Strong disagree to 7—Strongly agree (α =0.82).



2.2.7 Covariates

Lastly, to control for potential confounds, I included measures of traits and experiences suggested by previous literature; childhood contact with nature (Capaldi et al., 2014), certain psychedelic use including psilocybin (Lyons and Carhart-Harris, 2018; Forstmann et al., 2023), previous mystical experience (Paterniti et al., 2022) and trait openness to experience from the Big 5 personality test (Tam, 2013). These covariates are all predictive of nature connectedness. Accounting for the potential shared variance of these measures allows better isolation of the role of interoceptive awareness in predicting nature connection.

Openness to experience (McCrae and Sutin, 2009) was reliable (α = 0.84) and included 10-items rated on a scale from 1—Strong disagree, to 5—Strongly agree. See Table 4 for descriptive statistics of the confounds.




2.3 Analytic approach

Structural Equation Modeling (SEM) allows estimation between a large number of independent variables and more than one dependent variable at the same time, a superior technique compared to traditional mediation analysis, and useful for understanding inter-related structural models (Mehmetoglu and Jakobsen, 2017, p. 294). Further, due to SEM being correlative and suggestive of frameworks, not causality, it fits the overall research paradigm of this study.




3 Results


3.1 Validation and measurement quality

Before beginning the SEM analysis, Principle Component Factor Analysis (PCF), part of Factor Analysis (FA), was performed to verify the measurement quality of the constructs for the eventual SEM model (Mehmetoglu and Jakobsen, 2017). This was done as an exploratory first step which built to the eventual Confirmatory Factor Analysis (CFA). This step verifies the validity of the latent constructs before using them as independent or dependent variables in the model.

The Interoceptive Awareness (IA) latent variable was analyzed in Stata (Version 18), which indicated eight principle components. An extraction method based on principal component analysis and the promax rotation method with Kaiser normalization was executed, since the factors should be correlated. See Table 5 for generated factor scores from taking the average of the variables expressing each factor for the eight factors, as well as alpha coefficients to indicate the reliability of the summated subdimension scales (Mehmetoglu and Jakobsen, 2017, p. 287). This corroborated the literature which argues for eight subdimensions of the Interoceptive Awareness scale (Mehling et al., 2018). By running the pcf command on the remaining constructs, one factor was indicated for each scale, according to Kaiser criterion, which fits the theory of those constructs.


TABLE 5 Generated factor scores and alpha coefficients for each dimension of interoceptive awareness factors.

[image: Table listing psychological factors with associated statistics. Eight factors are given: Noticing (mean 3.39, SD 0.85), Non-distracting (mean 2.99, SD 0.77), Not-Worrying (mean 3.11, SD 0.77), Attention-Regulation (mean 2.91, SD 0.83), Emotional Awareness (mean 3.34, SD 0.95), Self-Regulation (mean 2.71, SD 0.91), Body Listening (mean 2.60, SD 0.99), and Body Trust (mean 3.33, SD 1.06). Minimum is 1, maximum is 5 for all. Cronbach’s alpha values range from 0.77 to 0.89, with a sample size of 299. M denotes mean, SD denotes standard deviation.]

Secondly, the suitability of the dataset was determined including the value of the determinant using the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy. KMO values between 0.8 and 1.0 indicate the sampling is adequate (Shrestha, 2021). The Interoceptive Awareness scale had a KMO of 0.89, indicating adequacy. Thirdly, appropriateness of the data set was tested for a functioning factor analysis with the Bartlett's test of sphericity. If the Bartlett's test of Sphericity is highly significant at p < 0.001, this indicates that that the correlation matrix has significant correlations among at least some of the variables (Shrestha, 2021).

The results of KMO tests for all latent constructs are in Table 6. The Bartlett's test of sphericity was statistically significant for all latent constructs, with a p = 0.00. Therefore, each passed the KMO and Bartlett's test of sphericity, indicating validity for use as latent constructs in SEM.


TABLE 6 KMO statistics for latent constructs.

[image: Table showing factors and corresponding Kaiser-Meyer-Olkin (KMO) test values: Interoceptive awareness (0.92), Relational attachment (0.83), Nature attachment (0.84), Love and care for nature (0.97), Pro-environmental behaviors (0.86), and Vitality (0.89). Sample size (N) is 299.]



3.2 Confirmatory factor analysis

A Confirmatory Factor Analysis (CFA) was then performed for each proposed latent variable in order to investigate the hypothesized underlying structure of the data and if it fit with the theorized latent variable measurement model. A structural equation model was estimated using maximum likelihood on each potential latent variable. Model fit evaluation and satisfactory results indicated model fit for all latent variables. All factor loadings, which show strong linear combinations of underlying indicators with the latent variables, are reported in full, along with goodness of fit statistics of χ2, RMSEA, Comparative Fit Index (CFI), and Tucker-Lewis Index (Tucker and Lewis, 1973) in Table 7. Although no precise standards exist for what value of indices equate to good fit, typical guidelines are that TFI and CFI should exceed 0.90. RMSEA values above.10 indicate poor model fit (Mehmetoglu and Jakobsen, 2017, p. 308). All the latent variables passed these fit indices.


TABLE 7 Factor loadings and goodness of fit statistics including Chi-squared, RMSEA, Comparative Fit Index, Tucker- Lewis and convergent/divergent validity AVE and Raykov.

[image: Table listing latent variables with coefficients, chi-square values, RMSEA, CFI, TLI, AVE, Raykov, and Alpha for categories: IA: noticing, IA: emotional awareness, IA: self-regulation, IA: body listening, IA: body trust, Nature connection love and care for nature, Relational attachment humans, Relational attachment nature, Vitality, and Pro-environmental behaviors. Significant levels are denoted as p < 0.05, ** p < 0.01, *** p < 0.001.]

Internal consistency was assessed by Cronbach's alpha, also reported in Table 7. Each measure passed the adequate threshold for Cronbach's alpha of > 0.7, indicating adequate to excellent internal consistency and reliability (Shrestha, 2021). According to Kline (2016), convergent validity refers to a set of indicators designed to measure a construct, which can be tested using Average Variance Extracted (AVE). A high AVE (> 0.50) indicates a high convergent validity, therefore AVE for each construct should be at least 0.50. Since a recent paper suggests removing constructs below 0.40 (Haji-Othman and Yusuff, 2022), the pro-environmental behavior variable was retained. To indicate divergent validity, Raykov's factor reliability coefficient is provided, which computes reliability coefficients for factors with and without correlated errors (Mehmetoglu and Jakobsen, 2017, p. 287). Raykov coefficients > 0.70 are considered divergent and all latent variables passed this test which are reported in Table 7.



3.3 Correlations

Next, Pearson correlation coefficients were calculated to assess the effect size and statistical significance of the univariate relationship between all of the variables under consideration and are reported in full in Table 8. As expected, Interoceptive Awareness is correlated with nature connection, but only on certain dimensions. Nature connection is strongly positively correlated with Emotional Awareness (r = 0.51), moderately positively correlated with Self-Regulation (r = 0.46), Body Listening (r = 0.39), and Body Trust (r = 0.30), and maintains a small positive correlation with Noticing (r = 0.26), Attention Regulation (r = 0.23), and a small negative correlation with Non-Distracting (r = −0.20).


TABLE 8 Correlations between all latent variables (N = 299).

[image: Correlation table displaying relationships between variables (1) to (13), such as noticing, non-distracting, and pro-environmental behaviors. Significant correlations are marked with asterisks indicating p-values: *p < 0.05, **p < 0.01, ***p < 0.001.]

Therefore, Emotional Awareness, followed by Self-Regulation, Body Listening and Body Trust, seem to be the most important dimensions of Interoceptive Awareness in connection with a bond to nature.

Vitality follows the same pattern and is highly positively correlated with Self-Regulation (r = 0.52), and Body Trust (r = 0.57), and is positively moderately correlated with Emotional Awareness (r = 0.32) and Attention Regulation (r = 0.38).

Lastly, Relational Attachment Humans is moderately positively correlated to Body Trust (r = 0.24), Self-Regulation (r = 0.20), and Emotional Awareness (r = 0.23). Relational attachment to nature is highly positively correlated to Emotional Awareness (r = 0.43), Self-Regulation (r = 0.39) and Body Listening (r = 0.34), moderately positively correlated to Body Trust (r = 0.24) and Noticing (r = 0.24), and moderately negatively correlated to Non-Distracting (r = −0.24).

Overall, this suggests that the dimensions of Emotional Awareness, Self-Regulation, Body Listening, Body Trust and Non-Distracting are perhaps the most important dimensions of interoceptive awareness in relationship to nature connection. Therefore, since the other dimensions are not correlated to nature connection and they did not pass the AVE threshold test, they will be excluded from the path analysis and deemed insignificant to nature connection.

Relational Attachment Humans and Relational Attachment Nature have a weak significant correlation (r = 0.18). This could suggest that these constructs are tapping different aspects of human bonding and that patterns of attachment in human-human bonds vs. human-nature bonds have their own unique expressions. Below are the results per research hypothesis.

Hypothesis 1: Interoceptive awareness predicts nature connectedness.

I ran a structural model using maximum likelihood. The following interoceptive awareness dimensions are significantly predictive of nature connection in this structural model: Non-Distracting is significantly negatively predictive (b = −0.33, SE = 0.11, p = 0.00, 95% [−0.55, −0.12]), meaning the more distracted one is with their bodily sensations, the less connected to nature they will be, whereas Emotional Awareness (b = 0.67, SE = 0.13, p = 0.00, 95% [0.45, −0.94]), and Self-Regulation (b = 0.36, SE = 0.12, p = 0.00, 95% [0.13, 0.56]) are positively significantly predictive of nature connection. This indicates that Emotional Awareness and Self-Regulation increase the likelihood of being nature connected. Body Listening is nearly positively significantly predictive of nature connection (b = 0.12, SE = 0.07, p = 0.06, 95% [0.13, 0.56]). This indicates that the various dimensions do not function similarly in their relationship to nature connection, and not all interoceptive awareness dimensions are significantly predictive.

Hypothesis 2: Interoceptive awareness predicts nature connection even after controlling for covariates.

A series of linear regressions indicated that certain dimensions of interoceptive awareness do significantly predict nature connection even when controlling for previous childhood nature contact, previous psychedelic use and mystical experiences. These are as follows; Emotional Awareness (b = 0.39, SE = 0.05, p = 0.00, 95% [0.30, 0.49]), Self-Regulation (b= 0.36, SE = 0.05, p = 0.00, 95% [0.27, 0.45]), Body Listening (b = 0.28, SE = 0.05, p = 0.00, 95% [0.19, 0.38]), and Body Trust (b = 0.22, SE = 0.05, p = 0.00, 95% [0.12, 0.32]). Non-distracting was significantly negatively predictive of nature connection (b = 0.16, SE = 0.05, p = 0.00, 95% [−0.26, −0.60]). Emotional awareness accounted for 30% of the variance in nature connection. Other dimensions ranged from 16% variance (non-distracting), 18.5% (body trust), to 28% (self-regulation), indicating the importance of these dimensions on nature connection. These subdimensions of Interoceptive Awareness follow the same pattern as in hypothesis 1.

What this indicates is that people who possess an ability to be emotionally aware, self-regulate, listen to inner bodily sensations and trust them, while being undistracted from painful and disturbing sensations, are all likely to be more connected to nature and to develop a close bond, even when controlling for the above confounds. Further, Emotional Awareness accounts for the most variance, indicating that the ability to notice, identify and locate one's emotions is highly predictive of nature connectedness. This evidence points to the importance of a coherent bodily self to motivate a relationship with nature.

Hypothesis 3: A revised theoretical model of nature connection indicates support for a reciprocal, embodied, secure relationship with nature.

A saturated, non-recursive structural model using maximum likelihood estimation and the latent variables under investigation was utilized. The model is below (see Figure 2).


[image: Flowchart diagram showing a network of processes linked to a central node labeled "QconnEx." Various groups, such as "analysis," "QA," "sftng," and "unify," connect to the central node via lines. Each group contains multiple nodes labeled with codes like "maa5," "kr1," "pea5," and "vfa3," each terminating with a symbol. The layout depicts data flow and connectivity between different stages and processes.]
FIGURE 2
 Proposed structural model of interoceptive awareness, nature connection, pro-environmental behaviors and wellbeing. Each latent variable passed validity tests. The estimated structural equation model (SEM) specifies five predictor latent variables, chosen because these Interoceptive Awareness dimensions were significant in Hypothesis 1.


Table 9 reports the standardized regression weights for the model. The model identifies a significant positive relationship between the dimensions of Non-Distracting, Emotional Awareness and Self-Regulation on nature connection, which in turn significantly predicts pro-environmental behaviors and increased wellbeing. Modifications were made to the model during model fit testing and the final model used all available 299 observations and indicated good model fit (χ2 = 2,000.379, p > 0.05, CFI = 0.92, TLI = 0.91). The goodness-of-fit indices calculated for the SEM indicate the model estimated provides a good fit to the data. For the final model, see Figure 3.


TABLE 9 Structural equation model of interoceptive awareness dimensions on nature connection, pro-environmental behaviors and wellbeing.

[image: Table showing latent variable paths with coefficients, standard errors, and confidence intervals. Emotional Awareness relates to Nature Connection with a coefficient of 0.67. Non-Distracting shows -0.36 and Self-Regulation 0.46. Nature Connection influences Pro-environmental behaviors with 0.21 and Vitality with 0.46. Significance levels are indicated by asterisks, where one asterisk is p < 0.05, two asterisks is p < 0.01, and three asterisks is p < 0.001.]


[image: Complex diagram depicting a multi-layered neural network with interconnected nodes and layers. Arrows indicate data flow between input, hidden, and output layers, illustrating relationships and processing paths in the network.]
FIGURE 3
 Final structural model of interoceptive awareness dimensions on nature connection, pro-environmental behaviors and wellbeing. Standardized coefficients are reported.


A second model was fitted that investigated the latent variable interoceptive awareness as the predictor instead of splitting this latent variable into its theoretical subdimensions. Table 10 reports the standardized regression weights for the model. Interoceptive Awareness as a latent variable is significantly predictive of nature connection, which predicts wellbeing and flourishing. Modifications were made to the model during model fit testing and the final model indicated good model fit (χ2 = 6,220.277, p > 0.05, CFI = 0.91, TLI = 0.91) (see Figure 4). Therefore, the results indicate that overall, interoceptive awareness is predictive of nature connection and subsequently increased pro-environmental behaviors and increased wellbeing, and that parsing further, the subdimensions of emotional awareness, self-regulation and non-distracting are responsible for this relationship.


TABLE 10 Structural equation model of interoceptive awareness, nature connection, pro-environmental behaviors and wellbeing.

[image: Table showing latent variable paths, beta coefficients, standard errors, and 95% confidence intervals. Paths: IA to Nature Connection (β = 0.46*, SE = 0.19, CI [0.07, 0.85]); Nature Connection to Pro-environmental Behaviors (β = 0.21***, SE = 0.03, CI [0.14, 0.29]); Nature Connection to Vitality (β = 0.46***, SE = 0.08, CI [0.31, 0.62]). Beta indicates standardized regression coefficients. Asterisks denote significance levels: *p < 0.05, ***p < 0.001.]


[image: Hierarchical diagram showing a complex network with multiple branches and nodes. Central node connects to three main clusters labeled 1, 2, and 3. Each cluster has sub-nodes labeled variably, such as obj, con, and var, with unique identifiers.]
FIGURE 4
 Structural model of interoceptive awareness as a single latent construct on nature connection, pro-environmental behaviors and wellbeing. Standardized coefficients are reported.


Hypothesis 4: Relational attachment mediates the relationship between interoceptive awareness and nature connection.

A path analysis model was estimated using maximum likelihood, testing the mediating effect of relational attachment with nature in the relationship between interoceptive awareness and nature connection. The model had good fit (χ2 = 442.383, p > 0.05, CD = 0.249) and used all available 299 observations. Results point to a statistically significant relationship between interoceptive awareness and relational attachment (see Figure 5); and respectively, between interoceptive awareness and nature connection, as well as relational attachment and nature connection. Results also indicate that the proportion of total effect mediated by relational attachment to nature was large at 76%. This indicates that the relationship between interoceptive awareness and nature connection is mostly explained by the closeness of the relational attachment with nature. The mediating effect of relational attachment with nature in the relationship between interoceptive awareness and nature connection was non-significant and so only the relational attachment to nature construct is in the mediation model.


[image: Diagram illustrating the mediation model with three variables: Interoceptive Awareness, Relational Attachment Nature, and Nature Connection. Arrows indicate relationships with coefficients: \(a = 1.58\), \(b = 0.72\), \(ab = 1.15\), \(c = 1.60\), and \(c' = 0.59\). Standard errors are in parentheses.]
FIGURE 5
 Direct, indirect and total effects of interoceptive awareness on nature connection, mediated by relational attachment to nature. Mediation diagram; a, b, c and c' are path coefficients representing unstandardized regression weights and standard errors (in parentheses). The c path coefficient represents the total effect of interoceptive awareness on nature connection. The c-prime path coefficient refers to the direct effect of the interoceptive awareness on nature connection. ab path is the indirect mediated effect of interoceptive awareness on nature connection via relational attachment to nature. Significant level, *p < 0.05, **p < 0.01, ***p < 0.001.


These results indicate that secure relational attachment to nature could be more important than interoceptive awareness in predicting nature connection, or at minimum, that there is a parsimonious relationship between these constructs.




4 Discussion

Overall, the results lend support to the initially proposed structural theoretical model (Figure 1). Interoceptive awareness, which has not yet been investigated in the nature connection literature, indeed predicts nature connection, increased wellbeing and increased pro-environmental behaviors. Further, human-nature relational attachment plays a significant mediating role between interoceptive awareness and nature connection, indicating the importance of relational security, and lending credence to a bond with nature that is at least partially satisfying of the human need to attach and belong, occurring through the attachment-system, and built on body awareness capacities. A relationship with nature could function similarly to interpersonal relationships, built through an attachment-system that downregulates stress with the parallel benefits of positive emotions and increased wellbeing.

Finally, it is important to note that although these findings through structural and mediation models are suggestive of strong relationships, this study does not reveal causality. Instead, conceptualizing these findings as strong associations is appropriate.

The potential impact of this research includes the following; (1) to provide actionable knowledge that points to key areas that can help ameliorate the human-nature disconnection crisis; and (2) provide recommendations for nature connection interventions that could improve the growing disconnection between humans and nature and motivate environmental sustainability behaviors, thereby also addressing the environmental value-action gap.

As Botanist and Indigenous scholar Robin Wall Kimmerer writes,

Knowing that you love the earth changes you, activates you to defend and protect and celebrate. But when you feel that the earth loves you in return, that feeling transforms the relationship from a one-way street into a sacred bond (Kimmerer, 2013).


4.1 Body awareness is the foundation of a relationship with the earth

The cross-sectional study indicates that interoceptive awareness significantly predicts increased nature connectedness, which can be explained by its emotional regulatory capacity. Interoceptive awareness is the processing and central representation of afferent internal bodily signals (Critchley and Garfinkel, 2017), which leads to a coherent relationship with the self, defined as effective communication between the body, mind and emotions (Price and Hooven, 2018). People who are able to identify, assess and appraise internal bodily signals likewise experience improvement in emotional and sensory awareness, a decrease in distress, and an improvement in emotional regulation (Price and Hooven, 2018).

Of the eight dimensions of interoceptive awareness (Mehling et al., 2012), only several significantly predict nature connection; (1) non-distraction, (2) emotional awareness, and (3) self-regulation, and to a lesser degree, body trust and body listening. Perhaps these dimensions address the core capacities of emotional literacy and regulation given that they are mid-level constructs in the overall interoceptive awareness progressively-built model. Considering the nature connection literature has already well-established that the most important predictor of nature connection is an emotionally-driven bond (Richardson, 2023, p. 58), and that nature connection predicts wellbeing and pro-environmental behaviors (Whitburn et al., 2020), these findings point to a key antecedent of this bond: interoceptive awareness. Thus, the results suggest that interoceptive awareness offers something akin to a set of building blocks to nature connectedness; by not being distracted by painful sensations, possessing emotional awareness, and having the ability to regulate sensations, bonding with nature is more likely.

Emotional awareness and self-regulation were the two most highly significant dimension out of the eight, as well as holding the most variance, suggesting the dual role of both simply noticing changes within one's inner state (e.g. “I notice that my body feels different after a peaceful experience”), as well as regulating them (e.g. “I can use my breath to reduce tension”), can increase the likelihood of connecting to nature. This could be due to the dimensions' similarity to mindfulness capacities (enhancing present moment awareness).

In the effort by many researchers and interdisciplinary fields of study to understand how to reconnect humans and nature, this research therefore suggests that focusing on individual capacities for interoceptive awareness is a currently overlooked, yet critical factor. Therefore, interoceptive awareness can be understood as an entry point to a shared sensory language with more-than-human life that increases emotional regulation and subsequent bonding with nature.

To underscore the importance of interoceptive awareness as a personal factor of nature connectedness, confounds which have been previously investigated as important explainers of individual differences in nature connection, did not erase the significant relationship between interoceptive awareness on nature connection. These are as follows: previous mystical experience, psychedelic experience, childhood contact with nature and openness.

Returning to this research's philosophically phenomenological roots, embodied sensory awareness is synonymous with philosopher Merleau-Ponty (1974) conceptualization of sensation in his Phenomenology of Perception. Becoming reacquainted with the breathing, sensing body opens the perceptual capacity to frequent the sensorial dimension of experience in which humans are corporeally embedded. Inhabiting the body's language of sensations in an ontological manner serves to bridge the mind-body split by reconnecting humans and nature not as a matter of utility, but as a relationship in an ontological necessity. Such a framing binds embodiment, nature and experience together in a shared reality.



4.2 A relationship with nature can function as a secure relational attachment

The human-nature bond parallels human relational attachment and security-based bonding processes. Secure attachment with nature mediated the relationship between interoceptive awareness and nature connectedness, and significantly explained that relationship, indicating the importance of relational attachment with nature as theorized by Bowlby (1979). Further, the model predicted subsequent wellbeing and pro-environmental behaviors, thus indicating the importance of a secure attachment to nature in the overall wellbeing and altruism model.

These findings suggest that the relational attachment-system, which has been studied copiously in human-human relationships (Mikulincer and Shaver, 2003; Shaver et al., 2016), attenuating threat through the availability of an “attachment figure,” creating a “safe haven,” and a “secure base,” also could function similarly between humans and nature. Perhaps if people repeatedly experience nature as available in secure and safe, positive encounters, further proximity-seeking is motivated (which serves to reduce threat), deepening the bond around a secure attachment system (e.g., a cognitive-affective structure; Bowlby, 1988).

The relational attachment process reflects a comprehensive framework for understanding how emotional bonds and relationships develop through patterns of attachment between children and caregivers developed by Ainsworth (1978). Given that interactions with a safe attachment figure is theorized to be incorporated into working models of the self, and since a person tends to assimilate any new bonds, whether with people, or in the case of this present research, with nature, into an existing model, it is feasible to suggest that the human-nature relationship is similarly incorporated into an existing model of the self (Bowlby, 1979). The result is a relational schema that operates automatically and could drastically shape a person's experience in bonding with both nature and others throughout the lifespan.

The cross-sectional study found that secure attachment with nature significantly mediates the relationship between interoceptive awareness and nature connection, thus suggesting that “nature” has the potential to be an attachment figure, serving to facilitate bonding via a secure attachment system and becoming embedded into a relational schema. Given that the cross-sectional study found that human-nature attachment does not covary with human-human attachment, the attachment system between humans and nature is unique, yet built on the same threat attenuation system as human-human bonding.

No research on nature connection has adapted the relational attachment scale to reflect human-nature bonding, and so these findings open up new avenues of exploration. If nature can be a secure attachment figure, and if proximity-seeking to nature is motivated by threat attenuation, and further, if that relationship can be integrated into a working model of the self, a type of human-nature bond is revealed that outpaces the tertiary benefits of connecting to nature, and rather points to a fundamental bond inseparable from models of the self.

This present research thus finds that a core psychological process, one's relational attachment system (Bowlby, 1969) is activated in human-nature bonding. Previous research on place attachment has shown support for the development of place attachment through facilitating a sense of connectedness and a positive bond between individuals and places (Nisa et al., 2020). However, secure attachment to nature is different than place attachment; the former based on inter-personal relational processes, the later on the strength of identification with an externalized other.

Interoceptive awareness has also been shown to have a strong link with relational attachment, with suggestive evidence that early developmental attachment teaches the basics of how to know and trust inner bodily signals and sensations just like attachment cues (Oldroyd et al., 2019). As this research suggests, from this foundation of a coherent bodily self , relational attachment to nature is more likely. Yet due to the correlational nature of the cross-sectional study, directional causality between these constructs is inconclusive, yet their inter-relatedness is apparent.



4.3 A relationship with nature is primarily an emotional bond

A relationship with nature is principally an emotional bond, evidenced by interoceptive awareness (an emotional regulation mechanism) predicting higher levels of nature connectedness, mediated by secure relational attachment (requiring emotional regulation to increase secure attachment). To underscore this finding, out of the eight interoceptive dimensions, emotional awareness and self-regulation were the most highly significantly predictive of nature connectedness. The emotional awareness dimension is defined as the ability to notice how emotions translate as inner bodily signals (e.g., I notice how my body changes when I feel happy/joyful). As stated earlier in the discussion, the capacity to mindfully notice these emotions, in addition to self-regulating them, leads to a greater likelihood of secure bonding with nature.

The importance of affect in human-nature bonding is also reflected in nature connection studies. Richardson et al. (2021) and Lumber et al. (2017), building on myriad empirical nature connection studies, claim that nature connectedness is primarily an emotional bond, vs. an information or knowledge-based connection. In addition, the Love and Care for Nature scale created by Perkins (2010) seeks to psychometrically capture the construct of love and deep caring for nature as an expression of an explicitly emotional relationship with nature. Used throughout the literature on nature connection, and seen to significantly predict nature connection (Zylstra, 2014), the Love and Care for Nature scale operationalizes this affective domain and supports the importance of emotion in bonding with nature.

This present research underscores this claim, while adding new findings which indicate that awareness of emotions plus bodily states together create a mechanism that initiates a spiral of positive emotions stemming from relational security with nature. Therefore, this research parses a difference between merely possessing affective feelings toward nature, and the mechanism of generating those emotions. The results suggest that the human-nature bond is an interpersonal relational process in which a relational schema that impacts one's cognition, affect and behavior is continuously updated vis à vis positive emotional experiences with nature, which motivate further proximity-seeking with nature, resulting in both secure attachment with nature and subsequent behavior that reflects the desire to protect this bond. In sum, ongoing, positive interactions with nature over time will not only increase wellbeing, but motivate further bonding with nature, built on affective and embodied interpersonal relational mechanisms.



4.4 A relationship with nature is mutually-beneficial

One way the human-nature relationship is mutually beneficial, and even reciprocal, occurs through increasing both wellbeing and flourishing for humans, while simultaneously motivating pro-environmental behaviors on behalf of nature. The cross-sectional study found that nature connectedness significantly predicts wellbeing (measured as eudaimonic happiness), and that those with higher interoceptive awareness and secure attachment to nature were more likely to have increased wellbeing. Wellbeing, measured as eudaimonia (life purpose), is the form of wellbeing most strongly related to nature connection, as indicated in both nature connection empirical studies and a meta-analysis (Nisbet et al., 1998; Pritchard et al., 2020; Shin et al., 2022). Further, this study found that those with higher wellbeing also exhibited significantly higher pro-environmental behaviors. Therefore, this research offers a more precise way to understand a mutually-beneficial relationship.

Mutual benefit can be understood as a gratitude-driven altruism framework (Tam, 2022). The focus on mutual benefit differentiates this present research's definition of nature connection from current nature connection studies, pointing to the importance of collective altruism intrinsic to a mutually, reciprocal relationship with nature. Tam (2022) suggests that a gratitude-driven altruism trait might come from the following: it is associated with how frequently the person has contact with nature, how strongly one feels entitled to nature's benefits, and to what extent one perceives nature as humanlike (p. 11).

Reciprocity is currently discussed in decolonisation and Indigenous literature, but is missing from the nature connection studies. Nature connection empirical studies rely on Western notions of “giving back,” including certain behaviors that are determined “pro-environmental” or “pro-nature conservation behavior” (e.g., recycling, planting pollinator-friendly plants, voting for certain policies; Mackay and Schmitt, 2019; Barbett et al., 2020).

While this study measured giving back within the above domains, further research should expand measurement of pro-environmental behaviors to include measures of intersectional environmentalism. Climate justice is intersectionally interconnected with other areas of injustice. In line with this, reciprocal ethics, which can be understood as a gratitude-driven altruism, roots the mutual benefit of the human-nature bond in relational qualities. The value of such a mutually-beneficial relationship is reflected in Indigenous scholarship on the importance of the relational tipping point vs. single lens focus on the ecological tipping point. Whyte (2020) argues that relational qualities like trust, reciprocity and accountability are critical for climate justice, above and beyond individual public or private sphere pro-environmental behaviors.

Such a perspective shifts the focus from research concerned with how to motivate individual pro-environmental behaviors to prevent an ecological tipping point, to knowledge and practices that cultivate the relational qualities necessary to prevent a relational tipping point. The theoretical proposition is that the human-nature relationship, which motivates reciprocal altruism, could be a primary mechanism to mitigate human-driven climate change and human-driven biodiversity loss, via relational qualities, and not just individual behavior. While not mutually exclusive, these paths chart vastly different priorities, epistemologies, ontologies and praxis.



4.5 Limitations and further exploration

There are several limitations to this exploratory study. The biomedical science literature indicates that interoceptive awareness is best measured with the heartbeat count or perception task (Garfinkel et al., 2015), not a self-report measure, which was outside the scope of this study. Therefore, future research could seek to replicate these findings by using physiological measures, include a larger sample, and investigate cultural differences. While sample size was sufficient for a correlational study, larger, more diverse, population-level studies would validate and extend these findings and prevent sampling bias.

Since previous research has investigated the efficacy for interoceptive awareness to reduce anxiety, future research could test the efficacy of interoceptive awareness to reduce climate and eco-anxiety in comparison to general anxiety disorder and tease apart the inter-relationships. Future research could also parse into the inter-relatedness of interoceptive awareness dimensions and secure attachment, including relational attachment dimensions of approach-avoidance and approach-anxiety. Future work could test if relational attachment predicts nature connection mediated by interoceptive awareness, instead of relational attachment being the mediator, to better understand causality. Theories of body-emotion and self-other bonding could also be brought to bear to better understand the mechanism of body-mind-nature relationships.

Although the sample was drawn from the crowd sourcing platform Prolific Academic, which has their merits compared to Amazon Mechanical Turk (Peer et al., 2017), including transparency about the sample population, options for longitudinal studies, and participant payment rights, they were still mainly derived from Western, Educated, Industrialized, Rich and Democratic nations [WEIRD; (Henrich et al., 2010)]. I sought to correct for this in part by founding this entire research in the perspective of Black, Indigenous and People of Color in the IPA study, but the correlational study did not reflect this population sample diversity. The results of this research are meant to be suggestive and are not causal, nor are they generalizable.

Future research should seek to replicate these results within diverse contexts and to be culturally-specific. In so doing, meaningful intervention design and best-practices can reflect context and culture. In addition, further research could utilize a larger scale structured interview survey study design on a one-on-one or group basis instead of online surveys.

In respect to diversity and equity regarding nature connection research, at least four major strands of research are needed according to Frumkin et al. (2017): (a) patterns of disproportionate exposure; (b) cultural and contextual factors that affect nature preferences and the experience of nature; (c) differing patterns of benefit across different populations; and (d) the possibility that improved access to nature may have unintended negative consequences on vulnerable populations. This research sought to address the cultural and contextual factors that affect the experience of nature, and further research should address the other major strands (Frumkin et al., 2017). There is too little emphasis on culturally and contextually-specific nature connection studies, and much more work is needed to center the perspectives of those whose cultural values already reflect sustainability and kinship with nature, as well as those who are disproportionately affected by climate change. A widespread commitment in nature connection science to diversity, equity and inclusion is essential to protect against perpetuating harm through colonial ideologies.

Regarding interventions to increase nature connectedness, future work could seek to prime interoceptive awareness in a field setting to increase ecological validity. Interventions that pair interoceptive awareness and nature bonding vs. just interoceptive awareness could help to tease apart the role of the body vs. the role of interpersonal bonding in the human-nature relationship. Considering this research points to interpersonal processes of human-nature closeness, future interventions could include primes for animism and anthropomorphism in comparison to just secure relational attachment, to further illuminate how the nature-human bond functions. While this research points to emotion regulation capacities, more work is needed to understand if the mechanism is primarily one of buffering to stressors, in terms of threat-reduction, or is perhaps one of increasing capacity to experience self-transcendent emotions.

In order to examine the collective impacts of interdependent identity shifts occurring in parallel with increased nature connection, future work could seek to understand not just individual responses to an intervention, but how these individuals make up social networks that can reinforce social norms of intersectional environmentalism to one another. Researchers could investigate how inter and intra personal factors fit together with the larger, more fluid and dynamic structural forces that influence environmental justice. To change both individuals and environments requires capturing this reciprocal process. Employing social network analysis would allow researchers to watch the effects of an interoceptive awareness intervention expand and multiply to other members in the network.

Lastly, future research should replicate these findings in partnership with Indigenous scholars using Indigenous research methodologies, including participatory action research and appreciative inquiry, which would increase social and transformational change outcomes (Chilisa, 2020, p. 181).



4.6 Conclusion

Human-driven climate change, biodiversity loss and the rapid increase of climate-related disasters indicates that the human-nature relationship is failing. However, this research points to a way to reconnect humans and nature via embodied and secure relational attachment processes. Body awareness creates a foundation for a secure attachment with nature, resulting in positive emotions and behavioral displays of climate care. Thus, the human-nature bond is an emotional regulation strategy, satisfying one's need for attachment security. Body awareness is the starting point for a close relationship with nature: the whole endeavor begins in the senses.

As a lived life process, the body experiences the phenomenal world moment-to-moment, ordering experience and enabling an intimate, felt relationship with the natural world. Given that the human body and the “body” of the Earth are so interconnected, the essentialism of the body points to an ontological rendering of the body as a shared phenomenal reality, and therefore reduces the separatism and individualism undergirding extractive behaviors. Nature and humans are intra-bodied. Humans and nature are kin. Attempts to reduce nature connection to anything less than this fails to account for the immensity of this bond.

This research builds on the literature of the myriad benefits of both nature connection and adult relationships, while addressing the environmental value-action gap through revealing the critical personal factor of interoceptive awareness and highlighting the necessary mechanism of the interpersonal processes occurring in the human-nature relationship. Thus, while advocating for individual increases in nature connection that motivate pro-environmental behaviors is a starting point, it does not go far enough. This research broadens that perspective to include evidence of an embodied, reciprocal, secure relationship with nature that could impact communal, structural and societal futures, repealing ideologies that justify domination over nature instead of inter-relatedness with nature. To foster this kind of a relationship with nature, which predicts how committed one is to pro-environmental behaviors in-line with that relationship, requires approaches that center both increasing body awareness and opportunities to interpersonally attach to nature.

With climate collapse and species extinction increasing the urgency of new approaches to address the environmental value-action gap, this research points to the core aspects of body awareness and the closeness of the interpersonal, emotional bond with nature, as essential to shifting extractive and damaging human-driven climate change behaviors. The findings of this research should be taken by policy makers, global health practitioners and educators, to design, implement and rapidly scale interventions to increase body awareness in parallel with creating equitable access for the public to experience immersive, emotional encounters with nature. This is a global, low-cost, readily-available solution. Climate change and nature connection interventions should shift from prioritizing exposure to nature or knowledge about nature, to a laser focus on facilitating the close, emotional, relational development of a bond with nature. The result could be an interconnected network of human-nature relational fascia, a broadband inoculation to the demands of global imperialism in favor of the values of living in sustainable relational harmony with the Earth. In sum, the strength of the human-nature bond, which is predicated on one's body awareness, is an essential factor in predicting future behavior that either protects or destroys the planet, and so every effort should be made to facilitate it for people everywhere.
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Knowledge about the relative environmental impact and climate-protective potential of different actions (effectiveness knowledge) is important for successful sustainable action. However, there is currently no scale for measuring effectiveness knowledge that meets psychometric quality criteria. We developed a new scale consisting of 16 ranking and choice tasks and tested it on a convenience sample of 278 people from Germany in an online study. The final scale version achieved a reliability of rel = 0.655. This is significantly higher than the reliability of 0.329 achieved by an established knowledge scale used for comparison. Inter-correlation of both scales was moderate to strong, but the new scale is able to explain 3% additional variance in high-impact pro-environmental behavior when controlling for environmental attitude, whereas the established scale is not explaining any additional variance, indicating incremental validity of our scale. We conclude that it is possible to use ranking tasks to measure effectiveness knowledge more reliably in a test-efficient way and provide a set of items which are usable in the contemporary German context.
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Introduction

Anthropogenic climate change is one of the greatest and most urgent challenges of our time (Steffen et al., 2015; World Economic Forum, 2022, 2023). In order to achieve the goal of the Paris Climate Agreement to limit global warming to well below 2°C, preferably 1.5°C, a drastic reduction of greenhouse gas emissions is necessary in the upcoming years [German Advisory Council on the Environment (Sachverständigenrat für Umweltfragen), 2020; United Nations, 2015]. Over 60% of global greenhouse gas emissions can be directly or indirectly linked to private households, with mobility, housing and food being the most important consumption categories causing emissions (Ivanova et al., 2016). Therefore, emission reductions on the household level play an important role in tackling climate change: living car-free, flying less, using renewable electricity and switching to a vegan diet are some behavioral changes with a particularly large impact in the respective categories (Ivanova et al., 2020). Adopting these behavioral changes means using fewer fossil fuels, resulting in less greenhouse gas emissions (for mobility and heating; Ivanova et al., 2020) or, among other emission sources, less methane emissions and land use change for feed production (for vegan diet; Poore and Nemecek, 2018). In order to make meaningful behavior changes, people need to know about their options for action (Cologna et al., 2022). Knowledge about the relative efficiency of different behavioral options is necessary and useful: no one has infinite resources for action, so identifying and starting at the “big points” with a particularly large climate impact is a good strategy (Bilharz, 2004; Cologna et al., 2022; Nielsen et al., 2021a). Evidence shows, however, that this so-called “effectiveness knowledge” (Frick, 2003; Kaiser and Fuhrer, 2003) is insufficient in most people. For example, the climate impact of avoiding plastic or adopting a regional-seasonal diet tends to be overestimated, while the impact of a vegetarian or vegan diet is underestimated (Cologna et al., 2022; de Boer et al., 2016; Tofighi and Jackson, 2020; Wynes et al., 2020). Curtailment actions tend to be overestimated in their impact, while efficiency improvements tend to be underestimated (Attari et al., 2010; Gardner and Stern, 2008). The self-assessed sustainability of one's lifestyle correlates only very weakly with the actual ecological footprint (Bleys et al., 2018). However, to measure the effects of knowledge interventions and get a better understanding of the relationship between effectiveness knowledge and high impact pro-environmental behavior, it is necessary to have a reliable scale.



Theoretical background

The knowledge that allows us to estimate the efficiency of possible environmental actions and thus make cost-benefit considerations, selecting particularly efficient actions from many alternatives, is referred to as effectiveness knowledge in the scientific literature (Frick, 2003; Kaiser and Fuhrer, 2003). It is one of three types of environmental knowledge postulated by Frick (2003), besides system knowledge (knowledge about causalities in ecosystems, e.g. how climate change occurs) and action knowledge (knowledge about possible courses of action and their implementation). It is assumed that effectiveness knowledge builds on system and action knowledge and influences environmental behavior (Frick, 2003; Frick et al., 2004; Roczen et al., 2014).

In this study, the focus will be on effectiveness knowledge concerning greenhouse gas emissions, due to their particular relevance for anthropogenic climate change (Steffen et al., 2015), although according to Frick (2003), it can also be applied to other areas of environmental protection.


How effectiveness knowledge and behavior are connected

Previous findings on effectiveness knowledge are rather mixed: Frick (2003) and Frick et al. (2004) found a moderate correlation of r = 0.29 between effectiveness knowledge and general environmental behavior in their large-scale study. Roczen et al. (2014) found no significant influence of effectiveness knowledge on general environmental behavior in a student sample. Braun and Dierkes (2019) also found only very weak correlations between effectiveness knowledge and environmental behavior intentions (r = −0.06, r = 0.08, and r = 0.10, respectively, at the three measurement times) in a knowledge intervention for students. In a study by de Almeida Barbosa et al. (2021), effectiveness knowledge levels did not differ between climate activists and non-activists. Cologna et al. (2022), reported a moderate correlation between the competence to correctly assess the effectiveness of different action options on a Likert scale and the willingness to perform high-impact actions (r = 0.20).

In the following, however, we argue that the rather weak relationship between effectiveness knowledge and environmental behavior may be mainly due to three methodological problems regarding the measurement of knowledge and behavior as well as the influence of environmental attitude.



Problem 1: Measuring effectiveness knowledge

We know of four studies that designed effectiveness knowledge measures using IRT modeling (Díaz-Siefer et al., 2015; Frick, 2003; Geiger et al., 2014; Roczen et al., 2014). These studies have made important contributions in distinguishing the three types of environmental knowledge and making them measurable; however, the effectiveness knowledge subscales showed poor measurement properties – especially in form of low reliabilities, e.g. relP = 0.50 (Frick, 2003) and relP = 0.45 (Díaz-Siefer et al., 2015) or unclear reliability estimates (Geiger et al., 2014; Roczen et al., 2014). Moreover, all four effectiveness knowledge scales were too difficult. Accordingly, the variance on the construct effectiveness knowledge was low. This floor effect likely reduced the correlation with environmental behavior (Roczen et al., 2014). The high difficulty could be related to the way the items are designed: the four scales measuring effectiveness knowledge often ask for specific numbers [e.g., “How much less do LED bulbs spend compared to conventional bulbs? (a) 30%, (b) 45%, (c) 70%, (d) 80%, (e) 100%” from Díaz-Siefer et al., 2015], and the content asked is sometimes quite far from everyday decisions and these scales are now partly outdated. They are also not designed with a primary content focus on climate impacts but address a broader range of topics with questions on energy, water, and other resource use.

Some newer studies do not use validated scales at all, but ad-hoc-measures (Cologna et al., 2022; Tofighi and Jackson, 2020; Wynes et al., 2020) to identify the effectiveness knowledge gap. Some indirectly inferred a possible knowledge gap from the weak relationship between self-assessed sustainable lifestyle and actual footprint (Bleys et al., 2018; Gatersleben et al., 2002; Moser and Kleinhückelkotten, 2018).



Problem 2: Which kind of pro-environmental behavior?

A successful use of effectiveness knowledge would be to behave in a climate-friendly manner in areas with a high impact. However, most studies only investigated general ecological everyday behavior in different domains as a dependent variable (Frick, 2003; Frick et al., 2004; Geiger et al., 2014; Roczen et al., 2014) using the General Ecological Behavior Scale, which does not take impact into account (Kaiser and Wilson, 2004). Thus, the low correlation could partly be due to the choice of the dependent variable. Evidence for this idea can be found in Cologna et al. (2022): in their study, effectiveness knowledge was a positive predictor of intentions to perform high-impact behaviors, but a weakly negative predictor of intentions to perform low-impact behaviors. Accordingly, a more appropriate criterion for the effects of effectiveness knowledge would be pro-environmental behavior with high climate impact (high-impact PEB). Current contributions to the environmental psychological research discourse also call for a focus on impact in order to make a relevant contribution to mitigating climate change (Kennedy et al., 2015; Nielsen et al., 2021a,b).



Problem 3: The role of environmental attitude in the knowledge-behavior-connection

Effectiveness knowledge is unlikely to lead to action equally for everyone: since good knowledge about the climate effects of one's actions should only lead to behavior change if one actually cares about protecting the climate, the effects of knowledge are likely to be moderated by environmental attitude. Some evidence on this assumption can also be found in the literature: for example, two studies of smart meter feedback interventions for energy conservation (which provide knowledge about the effectiveness of one's actions) consistently concluded that the intervention was effective only for individuals with a high environmental attitude (Henn et al., 2019; Puntiroli and Bezençon, 2020). Furthermore, it is generally assumed that high environmental attitude fosters the acquisition of new environmental knowledge. Such a relationship was shown for example in a cross-sectional correlational study by Attari et al. (2010), as well as in more recent experimental studies (e.g. Baierl et al., 2022). As literature provides evidence that environmental attitude is strongly related to climate-friendly behavior, including some high-impact domains (Bruderer Enzler and Diekmann, 2019; Gatersleben et al., 2002; Kennedy et al., 2015), this makes it harder to distinguish the effects on behavior of environmental attitude vs. effectiveness knowledge. The question whether effectiveness knowledge explains additional variance in high-impact behavior (and to what extent), when the problems mentioned above are addressed, remains open.




Aims of this study

The objective of this study is to develop and evaluate an improved test to measure (objective) climate effectiveness knowledge by addressing the aforementioned problems in the scale construction and the validation design. Content-wise, the scale will be limited to only one evaluation dimension, namely the efficient avoidance of global warming potential. This makes it possible to objectively specify one correct order, as the impacts of different greenhouse gases as well as contributors to climate change, that are not entirely based on greenhouse gas emissions, like land-use change and air-travel related changes in the upper atmosphere, can be measured in the common unit of CO2-equivalents. Adding further dimensions (e.g. biodiversity loss, pollution, water usage), albeit interesting, would require these dimensions to be offset against each other. There is no scientific consensus on how this could be done, e.g. how much biodiversity loss equals how many CO2-equivalents. We chose the dimension of global warming potential because climate change is (alongside biodiversity loss), the most urgent and important planetary boundary and in turn influences all other planetary boundaries (Steffen et al., 2015). Additionally, global warming potential is easier to quantify than biodiversity loss.

The scale was constructed with the goal of being closer to everyday life and less difficult in comparison with previous scales for assessing effectiveness knowledge (Díaz-Siefer et al., 2015; Frick, 2003; Frick et al., 2004; Roczen et al., 2014). This is to be achieved using ranking tasks. These have the advantage that the probability of finding the absolute correct solution by guessing is low. Furthermore, since ranking tasks with four items contain six pairwise comparisons, significantly fewer items are needed to achieve the same test accuracy compared to single-choice tasks. The number of items in existing effectiveness knowledge scales (Díaz-Siefer et al., 2015; Frick, 2003; Roczen et al., 2014) varies between 20 to 30 single-choice items with two to five response options each, with low reliabilities. Our scale should achieve higher reliabilities than the established scales with a similar number of items, aiming for a reliability of at least 0.70 (Moosbrugger and Kelava, 2012).

H1: The reliability of our newly developed effectiveness knowledge scale is higher than the reliability of an established scale.


Construct validity

The test scores of the new scale should show a high correlation with the test scores of an established effectiveness knowledge scale, as both measure the same construct (Schmidt-Atzert and Amelang, 2012). Given that existing effectiveness knowledge scales cover a broader range of topics than our new one, which is only about factors contributing to climate change, and the fact that floor effects were found in past measurements, limiting variance and thus correlations with other constructs (Roczen et al., 2014), a moderate correlation would also be a satisfactory indication of convergent validity.

A positive relationship is also expected between effectiveness knowledge and educational level, as it seems reasonable that individuals with a higher level of education have acquired more knowledge about climate change (Kollmuss and Agyeman, 2002). For example, in the study by Díaz-Siefer et al. (2015), the correlation between environmental knowledge and educational level was r = 0.46. In the study by Cologna et al. (2022) et al. this correlation (measured with ad-hoc scales, see above) was smaller, at r = 0.17. We therefore put forward the following hypotheses:

H2: There is at least a moderate positive relationship between test scores on the newly developed effectiveness knowledge scale and test scores on an established effectiveness knowledge scale.

H3: There is a moderate positive relationship between effectiveness knowledge and educational level.



Criterion validity

Another goal is to test whether the new scale for effectiveness knowledge can predict high-impact environmental behavior. Since knowledge is a distal predictor of behavior, and in line with previous studies, no large relationship is expected.

H4: There is a weak to moderate positive relationship between effectiveness knowledge and high-impact PEB.

H5: This relationship is stronger for effectiveness knowledge measured with the new scale than for effectiveness knowledge measured with an established scale.

This relationship should be particularly evident in groups with high environmental attitude, as motivation to protect the environment should help translate knowledge into action, while knowledge could help translate an existing motivation into effective action. Effectiveness knowledge, however, should also play a significant role in explaining behavioral variance beyond environmental attitude in order to be a construct of interest. The usefulness of the newly constructed knowledge scale should also be shown in comparison to an established effectiveness knowledge scale. Only then would the new scale represent a practically relevant improvement. This leads to the following four hypotheses:

H6: Environmental attitude has a moderating influence on the knowledge-behavior relationship: the higher the environmental attitude, the stronger the influence of effectiveness knowledge on high-impact PEB.

H7: There is a moderate positive relationship between effectiveness knowledge and environmental attitude.

H8: Effectiveness knowledge makes a significant contribution beyond environmental attitude in explaining high-impact PEB.

H9: This incremental contribution is larger for effectiveness knowledge measured with the new scale than for effectiveness knowledge measured with an established scale.




Methods


Instruments
 
Developing a new effectiveness knowledge scale

The first step of scale construction was an extensive research on the global warming potential of different products, services and actions, in the areas of food, mobility, electricity, heating and other private consumption. The research was primarily based on current literature from Germany that included the contributions to climate change of the most prominent greenhouse gases, as well as land-use change and non-carbon related changes in the upper atmosphere caused by air-travel, if applicable. Based on this data, 13 ranking tasks and 13 single-choice tasks were constructed (see Supplementary Appendix A1 for the items and the sources of the corresponding CO2-equivalents). The ranking tasks each required four elements to be placed in the correct order, while the single-choice tasks involved either “How much of X equals Y?” type questions or finding the most climate-friendly/harmful among several alternatives. Two pretests with N = 5 and N = 2 were conducted to identify and reword items that were misleading or too difficult.



Item-response-theory

The existing scales measuring effectiveness knowledge by Frick et al. (2004), Roczen et al. (2014), Geiger et al. (2014), and Díaz-Siefer et al. (2015) were constructed based on the Rasch model (RM; Rasch, 1960/1980). The RM attempts to explain response patterns by only two parameters: Person ability θi and item difficulty βj. Both are mapped onto a common dimension (Bond and Fox, 2007; Strobl, 2015) using the model equation

[image: Probability equation for \( P(U_{ij} = 1 \mid \theta_i, \beta_j) \) equals the exponential of \(\theta_i\) minus \(\beta_j\) divided by one plus the same exponential expression.]

Strobl (2015), which describes a logistic function. The higher the person ability is compared to the item difficulty, the higher the probability of solving the item. When ability and difficulty are equal, the solving probability is 50%. The items in an ideal Rasch-homogeneous test only differ from each other in terms of difficulty, so there is only one latent dimension.

Measurements based on the Rasch model have several advantages over measurements based on classical test theory (CTT): firstly, the Rasch model's validity can be empirically tested. Thus, it can be determined whether it is justified to build a person sum score over the items, whereas in the CTT this is mostly done untested (Moosbrugger, 2012; Wright and Masters, 1982). Secondly, for CTT-scales, all items must be of approximately similar, moderate difficulty, whereas items in the RM can be spread over a broad range of difficulty and measure accurately even at the extremes (Bond and Fox, 2007). Additionally, individuals can be compared in terms of ability even if they do not answer the identical item set, provided some items are present in both sets and all items are from a Rasch-homogeneous item pool (Sälzer, 2016). Because of these advantages, the RM is becoming increasingly popular, especially in performance testing. Well-known examples of its use include international educational studies such as PISA or TIMSS (Sälzer, 2016).

One disadvantage of the RM is that it only knows correct or incorrect answers. Therefore, it is not suited for tasks in which partially correct answers are possible. For this purpose, there is an extension of the Rasch model, for which the properties and advantages explained above also apply: the partial credit model (Masters, 1982). The formula for this model is:

[image: Probability formula showing \( P(U_{ij} = c \mid \theta_i, \delta_{j1}, \ldots, \delta_{jm_j}) \) equals a fraction. The numerator is \( e^{\sum_{k=0}^{c}(\theta_i - \delta_{jk})} \) and the denominator is the sum from \( l = 0 \) to \( m_j \) of \( e^{\sum_{k=0}^{l}(\theta_i - \delta_{jk})} \).]

The formula considers the probability of the response falling into category c, where c may be any value between 0 and mj. This probability depends on the person ability θi, and the threshold parameters δj1 to δjmj. Thus, the difference to the Rasch model is that an item has not only a single difficulty βj, but multiple difficulty thresholds δjk.

As our approach for developing the new scale includes ranking tasks, which by their nature can be partially correct, the partial credit Rasch model seemed the most appropriate model for the construction and statistical analysis of our scale.



Selection of other scales
 
Established effectiveness knowledge scale

We used the scale developed by Roczen et al. (2014), which is based on the RM and consists of 29 single-choice items. Three of them are very similar to three items from the newly developed scale, so they were only asked once and treated as though they had occurred in both scales.

The scale was analyzed based on the dichotomous RM. The mean item difficulty was set to zero (sum normalization). Missing values rarely occurred (0.2% across all items on average) and were treated as incorrect answers. There were no participants or items with a perfect or zero score. The mean value of the person parameters was M = 0.57 (SD = 0.55). The scale showed a very low person-separation reliability of relP = 0.329. Three items showed signs of underfit.



Environmental attitude

We used the subscales on environmental affect (seven items) and environmental cognition (eight items) from the 2018 German national environmental attitude survey (Rubik et al., 2019). We followed Geigers suggestion, that these form a unidimensional construct due to a latent model correlation of r = 0.97. A detailed presentation of the scale construction can be found in Geiger (2020). Two items were slightly modified in wording from the original to increase comprehensibility. Unlike in the environmental attitude survey, where the items were assessed on a four-point Likert scale, we used a five-point Likert scale with an additional “cannot judge”-option.

Scores were coded with one (low environmental attitude) to five (high environmental attitude). Across all items, there were on average 1.4% missing values. If missing values occurred, the mean was calculated only over the existing values. The scales mean is M = 4.35 (SD = 0.48). The distribution is left-skewed (skewness = −1.18, Shapiro–Wilk test: W = 0.92, p < 0.01). The scale shows a satisfactory reliability (α = 0.86), with one item having a discriminatory power r < 0.30.



High-impact pro-environmental behavior (high-impact PEB)

We compiled a 17-item ad-hoc scale from several sources (KlimAktiv gemeinnützige Gesellschaft zur Förderung des Klimaschutzes mbH, 2020; Kaiser and Wilson, 2004; Bruckmann, 2020). The items cover different areas of high-impact private consumption (electricity, heat, mobility, and food), but also political behavior such as participation in political demonstrations and donations to climate and environmental causes. The scale consists of ten five-point frequency Likert items (“never”/“rarely”/“occasionally”/“often”/“very often or always”/“no answer”), three dichotomous items (“yes”/“no”) and four items with an individual response format, in which, for example, the number of hours flown in the last year are to be entered. All items were coded with values from zero to four, where zero corresponds to climate-harmful behavior and four to climate-friendly behavior. The item regarding high-sea cruises was excluded because it was negated by all subjects. The items and their coding details can be found in Supplementary Appendix A2.

The score for each person is the mean value across the 16 items. Across all items, there were on average 4.9% missing values. If missing values occurred, the mean was calculated only over the existing values. The scale shows a reliability of Cronbach's α = 0.69, with a mean of M = 2.21 (SD = 0.53). Seven items show a low item-scale correlation of r < 0.30. One item (acquisition of a solar system) is even negatively correlated with the overall scale. Nevertheless, all items were retained since the objective was to map the climate impact of the individuals as well as possible.




Participants and procedure

The survey was conducted online in the period from December 2021 to February 2022 via the platform SoSci-Survey (Leiner, 2022). The study could be completed on a desktop computer, smartphone, or tablet. The questionnaire took an average of 24.83 minutes to complete (SD = 5.81).

The order of the scales was as follows: (1) new effectiveness knowledge scale, (2) established knowledge scale (both framed as quizzes, with the instruction to answer by the best of one's knowledge without researching), (3) question on which quiz version the participant preferred and why, (4) environmental attitude scale, (5) high-impact PEB scale, (6) feedback. In the feedback section, participants could make general comments on the questionnaire and download the solutions for the two knowledge scales. In addition, an individual knowledge score was returned to everyone. Within each scale, the order of items was randomized. Two attention checks were randomly placed within the knowledge scales.

The preliminary target sample size was ~200, which according to the power analysis was sufficient to reveal an incremental variance explanation of 5% in a regression model with three predictors at a power of 90% (Faul et al., 2007). Participants were mainly recruited in the private environment of the first author as well as via mailing lists and postings in social media. Furthermore, about 70 students of the bachelor's program in psychology of our university participated, in exchange for credit points.


Characteristics of the sample

The questionnaire was started 360 times. Of these, 278 tests (77%) were completed. These N = 278 cases were used for the item analyses of the new effectiveness knowledge scale. For testing the validation hypotheses, one subject was excluded due to a very low completion time and one was excluded due to too many missing values on the environmental attitude and environmental behavior scales, resulting in a sample of N = 276.

Of these 276 subjects, 60% were female, 38% male and 1% diverse. The mean age of the sample was 32.43 years (SD = 14.34) with a median of 26 years, and a range from 16 to 79 years. The educational level of the sample was very high (see Table 1). More than 50% of the participants had a university degree, and only about 10% did not have qualifications for higher education. Of the 223 people who reported their household income (see Table 1), a mean of 2.25 people lived in the household (SD = 1.13, median = 2).


TABLE 1 Educational level and income of the sample.

[image: A table presents educational levels and monthly net household income. Educational levels include low (e.g., still at school 1.45%, secondary certificate 2.17%, apprenticeship 6.52%), medium (e.g., vocational qualification 2.54%, high school diploma 35.87%), and high (e.g., bachelor 22.10%, master 25.00%, PhD 4.35%). Income ranges include less than 1,000 euros 18.12%, 1,000 to 2,000 euros 18.58%, up to more than 6,000 euros 4.35%, with 19.20% not stated.]




Analysis of the new effectiveness knowledge scale
 
Software and scoring

All statistical analyses were performed using R (R Core Team, 2021) in RStudio (RStudio Team, 2022). The analysis of the newly developed effectiveness knowledge scale was based on the partial credit model (Masters, 1982) using the R package eRM (Mair et al., 2021).

For scoring the ranking tasks, we checked for all six possible pair comparisons whether they were solved correctly. One point was awarded for each correct pair comparison, corresponding to a score between 0 and 6 points for each ranking task (see Figure 1). Single-choice tasks were coded with 1 (correct) or 0 (incorrect). Missing values rarely occurred (0.3 % across all items on average) and were treated as incorrect responses.


[image: Three diagrams show ranked lists of items labeled A, B, C, D. The first list, with green check marks, includes A, B, C, D and makes 6 points. The second, with red marks, shows B, A, D, C and makes 4 points. The third, also with red marks, shows D, C, A, B and makes 1 point. Arrows indicate ranks' movement across lists.]
FIGURE 1
 Example scores with a correct arrangement of ABCD. The arrows mark the correct pair comparisons, so the number of arrows corresponds to the number of points.





Category merging

As can be seen in Table 2, most people scored at least three points on most of the ranking tasks. Some score categories remained empty or covered by only a few people. Empty categories do not contain any information, so parameter estimation is impossible for these. Therefore, categories were combined: starting at zero points, for each item, each point category with fewer than 20 people was merged with the next higher category until there were at least 20 people in each merged category.


TABLE 2 Frequency distribution of points per item.

[image: Table displaying ranking and single-choice tasks. Items EK01 to EK12 are listed under ranking tasks with scores ranging from zero to six points. Items EK13 to EK26 are under single-choice tasks with scores of zero or one point. Italics and bold indicate few or no participants, respectively. Some categories are merged as noted in the footnotes.]

With these modified items, the partial credit model could initially be estimated. Sum normalization was used so that the mean of item difficulties (β-parameter) was fixed at zero (Koller et al., 2012; Mair et al., 2021). This first version of the scale had a low person-separation reliability of relP = 0.469.

To test if the score categories of the ranking tasks were correctly ordered, we followed a procedure suggested by Wetzel and Carstensen (2014). For each item, we tested via t-tests whether the abilities (estimated from the complete scale) of those persons who had scored higher on the item were, on average, significantly higher than the abilities of those persons who had achieved one point less on the item. This was done to ensure that only items and categories with relevant information on the measured construct are included in the final test—and no items or categories where the participants' result is mostly dependent on chance. At first, we ran these t-tests at the α = 0.10-level to exclude the least useful items first. If the test was not significant—indicating no significant information for discriminating people's ability—the concerned adjacent categories were merged. The partial credit model was then re-estimated with the changed item categories and the t-tests repeated. When all t-tests became significant at the α = 0.10-level, they were rerun at the α = 0.05-level and the categories were adjusted until all t-tests became significant. We did not adjust the α-level for multiple testing during this procedure, which is the more conservative approach here: as just one failed test lead to the exclusion of the category and the item had to pass the test every time, the effective α-level decreases with the number of tests. This differs from the usual cases, where it is necessary to adjust the α-level for multiple testing.

Through this process, four items were removed (EK01, EK17, EK18, EK20) because no significantly different scoring categories remained. The person-separation reliability increased to relP = 0.564.



Fit analysis

We then considered the residual-based fit statistics (MSQs) for the remaining items to assess their fit to the partial credit model (Wright and Masters, 1982; Wu and Adams, 2013): the so-called Outfit (unweighted mean squares) and Infit (weighted mean squares). The expected value for both fit statistics is one. A value >1 means that there is more variance in the data than would be expected based on the model (so-called underfit; Bond and Fox, 2007). Items that show underfit discriminate worse than the other items in the test and should be removed (Wu and Adams, 2013). MSQs are dependent on sample size (Wu and Adams, 2013). The cutoff values for an acceptable fit with respect to underfit can be calculated using the formula 1 + 2 * [image: Square root of the fraction two over N.] (Wu and Adams, 2013). For N = 278, this yields a cutoff value of 1.17. Furthermore, MSQ values can be standardized into values that follow a t-distribution. A t-value of 2 can be used as a cutoff for acceptable fit (Bond and Fox, 2007; Wright and Masters, 1982; Wu and Adams, 2013).

In this study, no item exceeded the critical threshold of MSQ > 1.17, but some items (EK23, EK09, EK06) had a t-value > 2. We found that successively removing these items raised the reliability. After removing the item with the worst fit, the model was re-estimated and again the item with the worst fit was removed, until reliability did not improve by removing items. Thus, items EK23, EK09, EK06, EK12, EK19, and EK24 were successively removed, ultimately increasing reliability to relP = 0.632.

For the excluded ranking tasks, we exploratively examined whether they contained single pair comparisons that exhibited good measurement properties (i.e., good differentiation between high and low ability). For this purpose, a dichotomous Rasch model was estimated for the entire scale of single pair comparisons. Seven promising pairwise comparisons were added to the partial credit model. However, most of them showed a poor fit. These were successively removed as described above to optimize reliability. Finally, only two comparisons were retained: item EK09_01-02 (comparison of oat drink vs. reusable cups) and item EK12_03-04 (comparison of lowering temperature vs. shock ventilation). Person-separation reliability increased further with these added items to relP = 0.655.



Tests for subgroup invariance

We conducted Andersen likelihood ratio tests (LRTs; Andersen, 1973) to further test the validity of the partial credit model with respect to differential item functioning (DIF).

We used the four split criteria of person abilities (median split), gender (female vs. non-female), age (median split), and questionnaire version (mobile version or desktop version). The global significance level was set at α = 0.10 and Bonferroni-adjusted for the individual tests, resulting in α = 0.025 (Koller et al., 2012).

The LRT was significant for age [[image: Chi-squared symbol with a subscript of twenty-four, often representing a chi-squared distribution with twenty-four degrees of freedom.] = 46.42, p = 0.004] and marginally significant for gender [[image: Chi-squared symbol with a superscript of two and a subscript of twenty-four in parentheses, representing a chi-squared distribution with twenty-four degrees of freedom.] = 38.77, p = 0.029). Thus, for age and gender, Wald tests were performed, which test for model violations at the item level. As 25 item parameters were tested with respect to two split criteria, the significance level was adjusted to [image: Mathematical expression showing alpha equals zero point one divided by two to the power of twenty-five, resulting in zero point zero zero two.] (Koller et al., 2012). At this level, items EK02 (threshold 1: z = 3.35, p < 0.001) and EK07 (threshold 2: z = −3.29; p = 0.001) showed significant DIF regarding age, with the former (positive z-score) being easier for younger and the latter (negative z-score) being easier for older participants. All items were retained for further analyses because the DIF was relatively well balanced (i.e., did not unilaterally disadvantage one group) and exclusion of the affected items would have lowered reliability from relP = 0.655 to relP = 0.612.





Results


New effectiveness knowledge scale

Table 3 shows an overview of item and person statistics for the final version of the new effectiveness knowledge scale in comparison to two intermediate states of the scale analysis and the scale by Roczen et al. (2014). We used Feldt (1980) test for comparing two Cronbach's alpha reliability coefficients to test whether the person separation reliability of the new scale (relP = 0.655) is significantly higher than the reliability of the established scale (relP = 0.329). This confirmed H1 [t(276) = 6.14, p < 0.001).


TABLE 3 Characteristics of the effectiveness knowledge scale.

[image: Table comparing different versions of the effectiveness knowledge scale, including a new scale with variations. It presents data on the number of items, Rasch model type, person separation reliability, descriptive statistics for items and persons, and fit statistics. Notable entries are bolded, highlighting the optimized version with 16 items and a higher person separation reliability of 0.655. Descriptive statistics include difficulty, threshold parameters, and ability, while fit statistics cover Infit MSQ and t values. The table concludes with a note on results for correlations and regression analyses for the optimized scale version.]

We asked the participants which of the two knowledge scales they liked better. 46.8% of the subjects preferred the new effectiveness knowledge scale. In contrast, 23.7% preferred the established one and 29.5 % expressed no preference. The new scale was commended for being more interactive due to the ranking tasks, and for the fact that the questions were more varied, interesting, precise, easier, and closer to everyday life. However, subjects criticized the higher completion time and text volume of the new scale.



Results of testing the validation hypotheses

To test hypotheses 2, 4, 5, and 7, we calculated Pearson-correlations between the variables. These were tested for robustness by calculating a winsorized correlation (with 10% of the smallest and largest scores being winsorized). Inter-correlations of the most important variables are displayed in Table 4. Person abilities measured by the new effectiveness knowledge scale correlated at r = 0.40 (p < 0.001, 95% CI [0.29, 0.49]) with those measured by the established scale (H2). This correlation is limited at the upper end due to low reliabilities. Thus, correction for measurement error attenuation increased the correlation to r = 0.86. However, it needs to be noted that the items EK07 and EK16 appear in both scales. If they are removed from both scales, the correlation is only r = 0.29 (p < 0.001, 95% CI [0.18, 0.39]), and r = 0.70 if corrected for measurement error attenuation. The winsorized correlation is r = 0.26 (p < 0.001, 95% CI [0.15, 0.37]). Thus, H2 was confirmed.


TABLE 4 Correlation matrix.

[image: Correlation table showing relationships among four variables: Effectiveness knowledge new scale, Effectiveness knowledge established scale, Environmental attitude, and High-impact PEB. Values include correlations like 0.40, 0.16, and 0.26, with significance levels denoted by asterisks. The table clarifies uncorrected and corrected Pearson correlations, with footnotes explaining significance and the correction method.]

As postulated in H4, effectiveness knowledge and high-impact PEB correlated moderately at r = 0.26 (p < 0.001, 95% CI [0.15, 0.37]). The winsorized correlation was slightly lower (r = 0.21, p < 0.001, 95% CI [0.09, 0.32]).

Descriptively, the correlation between high-impact PEB and the new scale is higher than with the established scale (see Table 4: r = 0.26 vs. r = 0.17). However, this difference is not significant (z = 1.40, p = 0.081), using Hittner et al.'s (2003) variant of Dunn and Clark's z (1969). Thus, H5 is rejected.

Contrary to H7, we found that effectiveness knowledge and environmental attitude were only weakly correlated (r = 0.16, p = 0.004, 95% CI [0.04, 0.27]).

To test H3, we used a one-way ANOVA to test for differences in effectiveness knowledge between three educational groups (see Table 1). The low-education-group had a mean knowledge score of M = 0.01 (SD = 0.51, 95% CI [−0.18, 0.20]). The medium-education-group had a mean score of M = 0.12 (SD = 0.74, 95% CI [−0.02, 0.26]), and the high-education-group had a mean score of M = 0.63 (SD = 0.72, 95% CI [0.51, 0.75]). The ANOVA revealed a significant difference between at least two groups (F2, 273 = 19.61, p < 0.001). Thus, a Tukey test was performed. This revealed that the high-education-group had a significantly higher effectiveness knowledge score than the low-education-group (p < 0.001; d = 0.90; 95% CI [0.67, 1.13]) and the medium-education-group (p < 0.001; d = 0.70; 95% CI [0.52, 0.88]). The differences remained significant after two outliers with extremely high knowledge in the high-education-group were removed (d = 0.92 and d = 0.68, respectively). For boxplots of the effectiveness knowledge in the three groups see Figure 2.


[image: Box plot comparing effectiveness knowledge across three education levels: no qualification, qualified for higher education, and university degree. Each box represents the median and interquartile range, with outliers marked.]
FIGURE 2
 Boxplots to visualize the differences in effectiveness knowledge by educational level. The boxplots visualize the distribution of effectiveness knowledge for each of the three educational groups. The horizontal thick line marks the median, and the white dots the mean of each group. The lower and upper hinges of the box correspond to the first and third quartiles. The whiskers extend from the hinge to the largest/lowest value no further than 1.5* IQR from the hinge (where IQR is the inter-quartile range). Outliers, i.e., data beyond the end of the whiskers, are plotted individually.


For the regression analysis, we excluded one influential case with an increased Cook's distance in comparison to the other cases, and a leverage >0.20 (Field et al., 2012; Hemmerich, n.d.; Walther, 2020). The homoscedasticity of the residuals was slightly violated in all regressions. These violations may lead to biases in the estimated standard errors, which can lead to errors in inferential statistical testing (Eid et al., 2015, p. 720).

Contrary to H6 and as shown in Table 5, we did not find a moderating influence of environmental attitude on the relationship between effectiveness knowledge and high-impact PEB.


TABLE 5 Regression of environmental behavior on environmental attitude and effectiveness knowledge.

[image: A table compares two models: a base model without knowledge and a model with knowledge and interaction effects on new and established knowledge scales. The variables include Environmental Attitude (EA) and Effectiveness Knowledge (EK). For the base model, EA shows a β of 0.52, t-value of 9.74, and p-value <0.001. For the second model, EA has a β of 0.49 with new knowledge and 0.52 with established knowledge. EK has a β of 0.18 and 0.08, respectively. Interaction effect EA*EK is significant in new knowledge but not established. Model stats include R², AIC, and BIC values.]

As expected in H8, adding the new effectiveness knowledge scale to the regression model significantly increased the proportion of explained variance ([image: ΔR²ₐdⱼ = 0.028.], F2, 271 = 6.31, p = 0.002). In contrast, the addition of the established scale did not lead to a higher proportion of explained variance ([image: ΔR² adjusted equals 0.006.], F2, 271 = 2.09, p = 0.13), confirming H9. The AIC and BIC, which put a greater emphasis on the parsimony of a model, also indicate additional explanatory power for the new scale but not for the established one: for the new scale, both criteria indicate a model which includes environmental attitude and knowledge but no interaction term as the best model (AIC = 694.32; BIC = 708.79) with a meaningful improvement over the base model (ΔAIC = 9.72; ΔBIC = 6.10). For the established scale, the best model according to BIC is the baseline model, and the best model according to AIC is only marginally better than the base model (ΔAIC = 0.20). This lends further support to H8 and H9, and the rejection of H6.




Discussion


Scale construction

The goal of this study was to develop a new scale to measure effectiveness knowledge with a separation reliability of at least 0.70 fitting a partial credit Rasch model. While the data fits a partial credit model quite well (see Table 3), only a reliability of relP = 0.655 was reached. Nevertheless, the reliability of the newly developed scale is still higher than what has been achieved in previous studies on the construction of an effectiveness knowledge scale (Díaz-Siefer et al., 2015; Frick, 2003; Frick et al., 2004) and significantly higher than the reliability of Roczen et al. (2014) scale in this sample (relP = 0.329; H1 confirmed). With 16 items, the scale is shorter than the scales found in the literature, which makes it easier to use in practice. The surveyed test subjects also predominantly preferred the new scale over the established one.

It is not possible to say conclusively whether the goal of developing an easier scale than the previous ones was achieved, as the sample had an above-average level of education (see Table 1), and even the established scale from Roczen et al. (2014) tended to be too easy (see Table 3). The new scale was slightly more difficult, but only after summarizing thresholds in the lower ability range. In general, the new scale seems suitable for a broader ability spectrum, as the PCM allows adaptation of the difficulty by summarizing categories in which few persons are located.

Guessing is probably a factor in the lower than expected reliability of the scale: the instruction explicitly allowed guessing, as this was intended to prevent results from being influenced by the individual tendency to guess. However, this guessing leads to the fact that persons who actually knew the correct answer can no longer be distinguished from persons who found the correct answer by guessing. Accordingly, guessing lowers the reliability of a test (Paek, 2015).

On the other hand, the low reliability, which was also found by other researchers developing scales on effectiveness knowledge (see above), could also be an indication of an underlying multidimensionality of the construct. The dimensions could, for example, be differentiated along the content-related sub-areas (knowledge about mobility, knowledge about nutrition, about energy, etc.). What they have in common is perhaps not the construct of effectiveness knowledge at all, but only crystallized intelligence (see Geiger et al., 2019). In future studies, the question of dimensionality should be investigated by constructing further items for assumed content-related sub-domains and investigating the dimensional structure with factor-analytical or multidimensional IRT approaches.



Scale validation

As expected in H2, we found a moderate (or high if corrected for measurement error attenuation) correlation between the test scores on the newly developed and the established effectiveness knowledge scale. This is an indication of convergent validity of the new scale.

The relationship between effectiveness knowledge and educational level (H3) was shown in the respect that individuals with a university degree showed significantly higher knowledge scores than individuals without a university degree. The effects found are moderate to large, and within the range of what previous studies have found (Cologna et al., 2022; Díaz-Siefer et al., 2015). This is a further indication of construct validity.

As expected in H4, we found a significant, weak to moderate relationship between effectiveness knowledge and high-impact environmental behavior. However, contrary to our expectations, this correlation was not significantly higher for the new scale compared to the established scale (H5). This is likely due to the fact that the power of the present study was not high enough to detect differences between low to medium correlations.

Contrary to H6, we did not find a moderating influence of environmental attitude on the knowledge-behavior relationship. Instead, we found two distinct main effects of environmental attitude and effectiveness knowledge on high-impact environmental behavior, with the former effect being larger. Assuming a causal relationship, this would mean that there are two ways to promote high-impact PEB: via fostering effectiveness knowledge and via environmental attitude. Individuals with high environmental attitude might make climate-friendly decisions even without high effectiveness knowledge. Perhaps they do not distinguish between high- and low-impact behavior but behave in a more climate-friendly way in all domains (Bruderer Enzler and Diekmann, 2019; Gatersleben et al., 2002). It is more difficult to explain why individuals with high knowledge but low environmental attitude should nevertheless behave in a climate-friendly manner. This finding, however, is probably an artifact of a very environmentally conscious sample: On a scale of one to five, only 51 individuals (18.48%) have an environmental attitude score lower than four, and only four individuals have a score lower than three (M = 4.35). Thus, the environmental attitude in our sample is significantly higher than in the overall German population (Belz et al., 2022; Rubik et al., 2019; Stieß et al., 2022). It is highly probable that the expected interaction could not be found because the variance on the construct environmental attitude was too low, i.e. people in the lower attitude spectrum were missing in our sample. We therefore suggest interpreting our findings not as general evidence on the moderation of the effect of effectiveness knowledge on high-impact PEB through environmental attitude, but rather as evidence that effectiveness knowledge has a significant effect on high impact PEB in samples with high environmental attitude.

Contrary to H7, we found only a weak relationship between environmental attitude and effectiveness knowledge. This could also partly be due to the ceiling effect in environmental attitude (Glen, 2015). However, since environmental attitude correlates highly with environmental behavior (which shows similar reliability and similar distribution as effectiveness knowledge), this cannot be the only reason. Nevertheless, the correlation magnitude in this study is similar to the correlation of r = 0.18 found by Meinhold and Malkus (2005) between environmental attitude and environmental knowledge (confounded with self-assessment).

Effectiveness knowledge, measured by the new scale, explained nearly 3% more variance in high-impact environmental behavior than environmental attitude alone, indicating incremental validity (H8). In contrast, the established scale by Roczen et al. (2014) showed no significant contribution to explaining environmental behavior beyond environmental attitude (H9). Although 3% of additional variance might not seem like much, we must stress that this is additional explained variance for behavior with high impact on climate change, so 3% on behaviors that have very direct consequences on one of the most urgent crises humanity is facing right now.

Also, the homogeneity of the sample and possible self-report bias may lead to an underestimation of the effect in the general population: environmental attitude and high-impact PEB were measured by self-report, which makes these scales susceptible to bias (Kormos and Gifford, 2014; Nielsen et al., 2022). This could lead to an overestimation of the relationship between environmental attitude and high-impact PEB (through the common factor of social desirability), and to an underestimation of the relationship of these constructs with effectiveness knowledge, as knowledge tests are less susceptible to self-report-bias. Cheating poses a risk for knowledge tests, but the instruction asked not to research answers and nothing was at stake for the participants, so we assume that cheating rates are low in our sample.



Limitations

The sample studied was not representative of the population in Germany—indicated, for example, by the high level of education and environmental attitude. Descriptive findings, such as the effectiveness knowledge level in this study being rather high, can therefore not be generalized (Leiner, 2016). The relative ordering of items with respect to their difficulty, however, should be equally evident in other samples, due to the properties of the Rasch model. The extent to which the correlations found can be generalized cannot be answered unequivocally: studies indicate that findings on relationships between variables are less susceptible to bias due to non-representativeness of the sample than descriptive findings on distributions, such as means (Diekmann, 2007; Leiner, 2016). However, this only holds true if there is no restriction of variance, which can be doubted for the present study at least for environmental attitude (see above).

Hence, both the difficulty of the new effectiveness knowledge scale and the validation hypotheses should be tested on a more representative sample in future studies. Possibly, some of the items that were too easy in our study and were consequently removed would be more suitable in other samples. As some subjects criticized the higher completion time and text volume of the new scale, it should also be critically examined whether some item formulations could be linguistically simplified.

The knowledge items were created based on current greenhouse gas-related life cycle analyses, predominantly from Germany. Thus, they are not fully transferable to other local and temporal contexts. For many items this is not much of a problem, e.g., tofu will likely always be more climate-friendly than beef, irrespective of locality. However, for items comparing actions from different sectors (e.g., driving compared to meat consumption), shifts could occur if the energy mix becomes increasingly climate-friendly, or if a country has a significantly different energy mix than Germany. This should therefore be critically examined before using the scale.

Another practical limitation of the new scale results from the individual threshold summary. This eliminated the problem of interchanged categories (Wetzel and Carstensen, 2014) and increased the reliability of the scale. However, if the scale is used in a new sample, the swapped or not significantly distinguishable categories may not be the same. The need for category merging in our sample was probably driven by the relatively small sample size and high level of education, resulting in some empty or sparse categories. A simple scoring scheme can only be created for the first step of the evaluation (see Figure 1). Subsequently, the category order should be checked for each sample and adjustments may have to be made. This might pose a practical hurdle for the application of the scale in future research practice.

A more practical approach might be creating a scale based on multiple pairwise comparisons of two options each instead of ranking tasks. This remains a promising approach for future research. However, it should be considered that this results in a high number of items, and that the Rasch model's assumption of local stochastic independence of the items is violated if the same object is used in multiple comparisons.

The scale's scope is limited to impacts on climate change and does not consider other areas of environmental behavior addressing e.g. pollution or biodiversity loss. In this aspect, our scale differs from the established scale used for testing convergent validity (Roczen et al., 2014). Therefore, it may be more accurate to describe the knowledge measured with the new scale as climate impact knowledge rather than environmental effectiveness knowledge. However, as these concepts are strongly related and the latter term is already established in the literature, we don't deem it useful to introduce yet another term into the field. Furthermore, the scale primarily captures knowledge about the climatic effects of individual (consumption) behavior because there is a good data base in this area to construct items on. The primary dependent variable in this study also primarily reflects individual behavior. However, while individual behavioral changes can be a building block in addressing the climate crisis, they are not sufficient on their own (Matthies, 2018; Verfuerth et al., 2019). Further studies could attempt to expand the content of the scale to include climate protection policies or develop similar scales for other areas of environmental impact, such as the protection of biodiversity.

Considering the high-impact-PEB scale used for validation, it might be more precise to use actual carbon footprints (Gatersleben, 2012; Nielsen et al., 2022). However, measuring these accurately comes with a lot of effort for both researchers and participants. We consider our approach a good compromise, but encourage future researchers to measure carbon footprints more precisely if resources are available.




Conclusion

Various studies have shown people's knowledge deficits in assessing the climate impacts of various actions (Attari et al., 2010; Cologna et al., 2022; Gardner and Stern, 2008; Tofighi and Jackson, 2020; Wynes et al., 2020). In our study, we were able to develop a scale that captures this form of knowledge by using ranking tasks and the partial credit model. Despite some weaknesses (see above), it can measure this knowledge much more accurately than the established scale by Roczen et al. (2014). It is also able to predict some additional variance in high-impact pro-environmental behavior, a domain where every single percent is important, as even small reductions in high-impact behavior in only a subset of the population can have a meaningful effect on the climate.

This study demonstrates that it is possible to improve the measurement of effectiveness knowledge both in reliability and predictive validity by using ranking tasks on the order of climate impact of various options instead of asking for concrete numbers via multiple choice items.

While the contents of some items will need adaptions for use outside of Germany due to differences in the energy mix, the type of item itself should work in other countries as well—although this remains to be tested empirically by further research. The list of items tested and found useful for measuring effectiveness knowledge in Germany is found in Supplementary Appendix A1 in English and German. Feel free to use or adapt them for your research.
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Introduction: A limited number of studies have explored the connection between eco-anxiety, anxiety, and depression in adolescents. However, the relation between eco-anxiety and suicide remains unexamined. This cross-sectional observational study aims to bridge this gap by investigating the correlation between eco-anxiety intensity and suicide risk severity in adolescents.
Methods: We used validated French versions of the Climate Anxiety Scale (CAS) and its two key dimensions (cognitive and emotional and functional impairments), alongside the Columbia Suicide Severity Rating Scale (C-SSRS) and the Hospital Anxiety and Depression scale (HAD).
Results: Our study involved 87 hospitalized adolescent patients, aged 12–16. Although, the univariate model indicated a significant association between the CAS and the C-SSRS (β = 2.58; p = 0.049), the cognitive/emotional difficulties and functional impairment dimensions of eco-anxiety, considering different confounding factors, did not show statistical associations with the severity of suicide risk (respectively, p = 0.81 and p = 0.76).
Discussion: In an expansive literature, these results show for the first time that eco-anxiety may not be the priority of adolescents seen by adolescent psychiatrists. Such an observation would imply not overmedicalizing a dimension of life which perhaps does not fall solely within the field of medicine, but which concerns environmental issues broader than medical field. However, an ethical and prudent approach in mental health care for this particularly fragile population remains necessary. This intersection of eco-anxiety and suicide in youth opens up new avenues of research in the realm of environmental and mental health studies.
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1 Introduction

Suicide is a major public health problem. More than 6,000 suicide deaths were reported in 2017 among U.S. adolescents and young adults from 15 to 24 years of age (AHR, 2017). Suicide is the second cause of death among individuals 10–34 years of age [Centers for Disease Control and Prevention (CDC), 2018]. Thus, suicide among adolescents is a major public health priority due to its severity, frequency, and potentially preventable nature (Turecki et al., 2019).

Regarding risk factors associated with suicide risk, anxiety has been identified as one of the most important factors in adolescence (Bentley et al., 2016). In addition to being one of the most unanimously recognized risk factors of suicide (National Suicide Prevention Lifeline, 2015), anxiety is at the heart of a number of theories of suicide, based on cognitive models (Wenzel and Beck, 2008), interpersonal models (Joiner, 2007) or aversive self-awareness models (Baumeister, 1990). Recently, several national and international studies have indicated that climate change is a particularly stressful source of anxiety for adolescents and young adults (Hickman et al., 2021; Monsour et al., 2022; Ediz and Yanik, 2023; Vamvalis, 2023), a phenomenon referred to as eco-anxiety. Eco-anxiety is an umbrella term that refers to different definitions, e.g., a chronic fear of environmental catastrophe (Clayton et al., 2017), a mental distress or anxiety associated with worsening environmental conditions (Usher et al., 2019; Wullenkord et al., 2021), or a generalized feeling that the ecological foundations of existence are about to collapse (Albrecht, 2012). Whatever the meaning, it refers to a distress related to the fear of climate change and other environmental crises (such as biodiversity loss, pollution, or deforestation) (Watts et al., 2021), which can have harmful consequences by impairing daily life functioning (e.g., the ability to go to school or socialize) and scaring one's view of their future (Heeren and Asmundson, 2023). For example, in a recent large-scale study, approximately 75% of adolescents reported that they believed they had no future and that humanity is doomed (Hickman et al., 2021). Thus, it should come as no surprise that eco-anxiety has been associated with detrimental mental health outcomes, such as depression and general anxiety in adults (e.g., Clayton and Karazsia, 2020; Stanley et al., 2021; Mouguiama-Daouda et al., 2022). Nevertheless, uncertainty remains regarding these outcomes in adolescents.

Crucially, recent metric research about eco-anxiety has emphasized the importance of distinguishing between the potential adaptive and maladaptive features of eco-anxiety. For example, research on the “Climate Anxiety Scale” (CAS) (Clayton and Karazsia, 2020), one of the most widely used eco-anxiety assessment instruments in the world, included two distinct dimensions, namely the cognitive and emotional difficulties in response to climate change (reflected in worries about climate change, sleep disturbances, or nightmares about climate change) and the functional impairments associated with climate change anxiety (e.g., “My concerns about climate change interfere with my ability to do my work or schoolwork”, “My concern about climate change make it hard for me to have fun with my family or my friends”), with each of which, respectively, associated with potentially adaptive and maladaptive outcomes. Indeed, while the cognitive and emotional experience of climate change [e.g., worrying about climate change (Parmentier et al., 2024)] may help promote pro-environmental behaviors (e.g., reducing one's carbon footprint), the severity of the functional impairments has been viewed as the ultimate proxy for identifying when eco-anxiety becomes a significant threat to mental health (Heeren and Asmundson, 2023). Of clinical importance, research suggests that eco-anxiety in adolescents to be, in large proportion, characterized by functional impairments. For example, in a recent 10-country large-scale study in 10 countries (n = 10,000), more than 45% of young adults reported that eco-anxiety had severe, harmful effects on their daily functioning (Hickman et al., 2021). Yet, to our knowledge, the question of whether the functional impairments of eco-anxiety could lead to increased suicide risk in adolescents has never been investigated. This is unfortunate given the important predictive role of anxiety in adolescent suicide (e.g., Bentley et al., 2016) and the alarming rate of eco-anxiety in this group (including young adults) worldwide (Hickman et al., 2021; Tam et al., 2023).

Thus, in this study, our main objective was to clarify the relationship between eco-anxiety and the severity of suicide risk in adolescents. Following current research on eco-anxiety, we distinguished between the cognitive and emotional features of eco-anxiety from its functional impairment in daily life. Given the role of anxiety and depression in predicting suicide risk, we also examined the role of general anxiety and depression symptomatology in these relationships. Inspired by previous research, we predicted that the functional impairments associated with eco-anxiety might be a predictor of suicide risk in adolescents.



2 Methods


2.1 Participants

In this observational cross-sectional study with prospective recruitment, 87 patients from the child and adolescent psychiatric department of the Hospices Civils de Lyon, welcoming around 300 patients per year, were recruited from April 2023 to June 2023. We included patients from 12 to 16 years old due to contingent reasons (Supplementary material 1). All patients admitted to this short-term hospitalization department, mainly admitted after passing through a general emergency department, were screened for the study according to the (non-)inclusion criteria.

The criteria for non-inclusion were not speaking French (for adolescents), not being able to read or write, having an intellectual development disorder preventing potential comprehension of items or oral comprehension (e.g., severe dysphasia impeding the understanding of the explanations, or severe dyslexia impeding the reading of the items of the scales), refusing to participate (by the adolescent or by the holders of parental authority) or not being affiliated to a system of social security. Incomplete scales were dropped from the study. Participants were assessed for their demographic characteristics (age and sex—with a coding of 1 for men and 0 for women), and their primary psychiatric diagnosis (that led to their admission into the department). Primary psychiatric diagnoses are made on the basis of two concordant expert clinical interviews (AL and CG), according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5). It should be noted that the gender declared by adolescents was collected for clinical reasons of diversity acceptance in their care environment; gender was not considered in the statistical analyzes. Treatments were not collected due to the complexity of psychiatric treatments, involving multiple medications, therapies, and interventions, and the wide variability in treatment options. Supplementary material 1 gives details on participants.



2.2 Number of participants

The number of participants required was calculated prior to the study on the basis of the analysis used as the main objective: a threshold of 85 patients was set, with a power calculation (using the pwr package) an effect size theoretically chosen at 0.15, based on an expected average effect (Green, 1991; Faul et al., 2007) justified by previous studies on eco-anxiety in relation to different psycho(patho)logical conditions (Clayton and Karazsia, 2020; Mouguiama-Daouda et al., 2022), with a significance level of 0.05 [effect size (d = 0.15), power (1-beta = 0.80), alpha (α = 0.05), and two-tailed test assumption]. Compared to the literature on suicide among hospitalized adolescent patients, the size of this group, which is particularly homogeneous, finely phenotyped and presents expected high values on the different psychopathology scales used (see below), is relatively large.



2.3 Procedure

During the first week of their hospitalization in the department, in the presence of a caregiver and with collection of written informed consent, participants completed three scales: the Columbia-Suicide Severity Rating Scale (C-SSRS) (Posner et al., 2011), the 13-item CAS scale (Clayton and Karazsia, 2020) and the Hospital Anxiety and Depression scale (HAD) (Zigmond and Snaith, 1983). We relied upon these measurement tools since they have, respectively, become among the most widely used ones worldwide, especially in youth and adolescent's. The total time required to administer the scales was about 30 min.



2.4 Ethics

This level-3 human research study was approved by the Sud Est II Personal Protection Committee on 30/03/2023 (ID-RCB No.: 2023-A00157-38) and conducted in accordance with the principles of the Declaration of Helsinki. The study was registered on an open-access clinical trials register (clinicaltrials.gov) before the inclusion of the first patient. According to the protocol requested by the ethics committee, the non-opposition of patients and their caregivers was collected with the collection of a written informed consent.



2.5 Measures

The 13-item CAS scale is a 13-item self-administered questionnaire validated in adults in 2020 (Clayton and Karazsia, 2020). It was translated and validated in French (Mouguiama-Daouda et al., 2022). To our knowledge, no scale on eco-anxiety has been specifically validated for children or adolescents. This scale is composed of two dimensions assessing: (i) cognitive and emotional difficulties in response to climate change, reflected through anxious ruminations, difficulty sleeping, concentration, crying and/or nightmares (eight items); ii) and functional impairment, with greater difficulty in socializing and/or concentrating in daily life, related to climate change (five items). Each item is rated on a 5-point ordinal Likert scale. There is no validated threshold for detecting clinically significant eco-anxiety using this scale. In Supplementary material 2, we also considered 2 other dimensions (integrating nine other items), which do not directly concern eco-anxiety, but were initially attached in addition to the 13-item CAS scale: the direct or indirect personal experience of climate change (“Climate Change Experience”), and the tendency to deploy adaptive behavioral responses to climate change (“Pro-environmental behavior”).

The C-SSRS is a main reference tool used in the international literature to assess the severity of suicide risk, suitable for adolescents from 12 years old (Posner et al., 2011). A linguistic validated translation has been conducted in French language (Fernandez et al., 2013; The Columbia Lighthouse Project, 2016). This validated semi-structured interview is a four-factor scale. The first factor measures the severity of ideation and consists of five items (5-point ordinal Likert scale). The second factor measures the intensity of ideation, composed of five items (5-point ordinal Likert scale). The third factor measures behavior and is rated on a nominal scale. The fourth factor measures lethality and current attempt (6-point ordinal Likert scale; if lethality is 0, potential lethality is scored on a 3-point ordinal scale). There is no validated threshold considering all the factors (total score that can vary from 0 to 40).

Finally, the HAD is a 14-item scale rated from 0 to 3, adapted to adolescents (Zigmond and Snaith, 1983), validated in French in adults only (Razavi et al., 1989; Bjelland et al., 2002). Seven questions are related to the anxiety dimension (HAD-A) and seven others to the depressive dimension (HAD-D). To detect anxious or depressive symptoms, the following interpretation can be proposed for each of the scores (HAD-A and HAD-D): absence of symptoms if 7 or less; doubtful symptomatology if 8–10; definite symptomatology if 11 or more. The internal reliability of the CAS was high in the study with a Cronbach's alpha of 0.89 for the global scale score (0.81 for the cognitive-emotional difficulties subscale and 0.82 for the functional impairments).



2.6 Statistical analysis

We provided the mean, median, standard deviation and minimum and maximum of the age, the number of males and females, of different gender described and of primary psychiatric diagnosis. We also provided the means, medians and standard deviations of the CAS total score, of the cognitive and emotional difficulties and functional impairment dimension scores, and of the C-SSRS total score. Specifically, for the CAS and its two dimensions, we provide the number and percentage above the median of the Likert scale score (more often than “sometimes”), and the number and percentage above the median of the subjects; for the HAD-A and the HAD-D, we give the number and percentage of subjects equal or superior to the cut-off of 11 and less than or equal to the cut-off of 7.

To respond more precisely to our hypothesis, we successively modeled the total score of the CAS (univariate model), then the dimensions of the CAS by considering the confounding factors (multivariate model). Thus, first, we seek to predict the total score of the C-SSRS (dependent variable) based on the total score of the CAS (independent explanatory variable), using a univariate linear regression (Supplementary material 2). Secondly, we seek to predict the C-SSRS total score based on its two dimensions separately (cognitive and emotional difficulties and functional impairment dimensions), anxiety (HAD-A) and depression (HAD-D), using a multivariate linear regression. We added to this multivariate model the age and sex. In parallel, we present the correlations (Spearman) between these variables in a heatmap plot.

We have standardized the beta coefficients to ensure consistency across different variable scales. Before proceeding with the analyses, we ensured the applicability conditions of the statistical tests were met (expected non-normality, floor and ceiling effects, presentation of Q-Q plots, skewness, and kurtosis) (Supplementary material 2).

All analyses were performed using R software (4.1.3). De-identified data and R script have been made publicly available via the Open Science Framework at https://osf.io/cnfrv/. Supplementary material 2, 3 give details on the models and methods.




3 Results


3.1 Description of the sample

Participants' characteristics are depicted in Table 1 and the CONSORT diagram is provided in Supplementary material 3. Among the 87 patients, 22 qualified for the DSM-5 diagnosis of mood disorder (major depressive episode = 18; bipolar disorder = 4), 16 for an isolated suicide attempt, 13 for the diagnosis of eating disorders (anorexia nervosa = 12; bulimia nervosa = 1), 11 for a diagnosis of neurodevelopmental disorder (Attention Deficit Hyperactivity Disorder = 7; Autism Spectrum Disorder = 4), nine for an emerging psychosis, four for a borderline disorder, three for a post-traumatic stress disorder, three for an Obsessive Compulsive Disorder, three for a behavior disorder, one for a gender dysphoria diagnosis, one for a generalized anxiety disorder and one for an anxious school refusal.


TABLE 1 Demographic characteristics (age, sex and declared gender), primary psychiatric diagnosis, scores on the Hospital Anxiety and Depression scale (HAD) for the anxiety dimension (HAD-A) and the depressive dimension (HAD-D), for the Climate Change Anxiety scale (CAS) and for the Colombia Suicide Severity Rating Scale (C-SSRS) (N = 87).

[image: Table presenting variables related to demographic characteristics, CAS, C-SSRS, and HAD scores. Includes age, sex at birth, gender, and psychiatric diagnosis data. Provides CAS total score and dimensions, C-SSRS total score, and HAD anxiety and depression scores, with statistical measures such as mean, standard deviation, and median. Descriptive statistics and relative scores to Likert scales and subject medians are noted. Abbreviations used include MDE, PTSD, ADHD, OCD, ASD, and other terms related to psychiatric diagnoses and measurements.]



3.2 Comparisons

Table 2 gives the results of the standardized model, considering the CAS total score (based on the univariate model), its two dimensions (cognitive and emotional difficulties and functional impairment dimensions), anxiety (HAD-A), depression (HAD-D), age, and sex (based on the multivariate model), to seek to predict the C-SSRS total score.


TABLE 2 Results of the standardized models predicting the Colombia Suicide Severity Rating Scale (C-SSRS) total score based on the Climate Anxiety Scale (CAS) total score (univariate model), its two dimensions separately (cognitive and emotional difficulties and functional impairment dimensions), anxiety (Hospital Anxiety and Depression – HAD-A), depression (Hospital Anxiety and Depression – HAD-D), age and sex (multivariate model).

[image: Table showing beta-coefficients and p-values for various factors. For CAS: Total score (2.58, 0.049*), Cognitive and emotional difficulties (-0.35, 0.81), Functional impairment (0.45, 0.76). For HAD: Anxiety (3.16, 0.02*), Depression (6.15, <0.001***). For Demographic characteristics: Age (0.96, 0.34), Sex (-0.15, 0.89). P-value significance: <0.001 is ***, <0.01 is **, <0.05 is *. The p-value has been rounded from 0.04897.]

This model shows an adjusted R2 of 0.45 and an F(6, 80) of 12.57. The cognitive and emotional difficulties dimension (β-coefficient = −0.35, p = 0.81) and the functional impairment dimension (β-coefficient = 0.45, p = 0.76) are not statistically associated with the severity of suicide risk. However, both anxiety (HAD-A, β-coefficient = 3.16, p = 0.02) and depression (HAD-D, β-coefficient = 6.15, p < 0.001***) show significant associations with suicide risk. Age and sex do not modify the significance of the results of this model [with a p = 0.34 (β-coefficient = 0.96) for age and a p = 0.89 (β-coefficient = −0.15) for sex].

Supplementary material 2 described this same standardized multivariate model with the total score of the CAS (and not its two sub-dimensions), which also does not show a significant relationship between suicide and eco-anxiety (p = 0.93). The diagnostic plots show no major deviations from normality or significant issues affecting the model's validity (Supplementary material 2).

Finally, Figure 1 presents the heatmap of the correlations between the total score of the CAS, the two dimensions of the CAS separately, the total score of the C-SSRS and the anxiety (HAD-A) and depression (HAD-D).


[image: Correlation matrix displaying relationships between six variables: C.SSRS, Climate Change Anxiety, Cognitive and Emotional Difficulties, Functional Impairment, HAD.A, and HAD.D. Values range from negative to positive correlations, with circle size and color intensity representing correlation strength.]
FIGURE 1
 Heatmap of the correlations between the total scores of the C-SSRS and the Climate Anxiety Scale, the two dimensions of this scale (cognitive and emotional difficulties and functional impairment dimensions), and the total score of the HAD-A and HAD-D. CCA, Climate Change Anxiety scale (or CAS); C-SSRS, Colombia Suicide Severity Rating Scale; HAD-A/D, Hospital Anxiety and Depression scale (N = 87).





4 Discussion

To the best of our knowledge, we have conducted the first study to examine the relationship between eco-anxiety and the severity of suicide risk in adolescents, as well as the first study of eco-anxiety conducted in a child and adolescent psychiatric unit.

Considered in isolation from other variables, a statistically significant association was found between the C-SSRS and the CAS. In this model, when eco-anxiety increases, the severity of suicide risk also increases. By being independent of depression and anxiety, this first univariate model is interesting because of the direct relationships between two societal and environmental hot topics: suicide and eco-anxiety. The interpretation and generalization of such a result should be carried out with great caution.

In the multivariate model, neither the cognitive and emotional difficulties dimension, nor the functional impairment dimension of eco-anxiety increase the severity of suicide risk. The absence of a significant relationship between sub-dimensions of the CAS warrants careful consideration to prevent overmedicalization of eco-anxiety. Indeed, interestingly in an expansive and varied literature, these results show for the first time that eco-anxiety may not be the priority of adolescents seen by adolescent psychiatrists in hospitalization. Such an observation would imply not overmedicalizing a dimension of life—certainly important for adolescents—which perhaps does not fall solely within the field of medicine. However, at the individual level, it remains ethically essential to remain vigilant, as certain cases could present heightened suicide risk even if population-level data do not reveal a clear connection (Nugent et al., 2019). Clinicians should continue to assess suicide risk with nuance, ensuring that potentially vulnerable individuals are not overlooked in clinical settings (Hughes et al., 2023).

Moreover, it is important to consider the potential mediating role of anxiety and depression in the relationship between eco-anxiety and suicide risk. In our model, the significant associations found between the HAD-A and HAD-D scores and suicide risk suggest that the psychological symptoms of anxiety and depression may partially explain this dynamic. This raises the possibility that eco-anxiety could indirectly influence suicide risk through its impact on these established mental health conditions. Further exploration of this mediation hypothesis, as well as more targeted studies, are necessary to clarify the pathways through which eco-anxiety interacts with broader psychological distress (Verplanken and Roy, 2013; Verplanken et al., 2020; Heeren and Asmundson, 2023).

In our sample, 3.45% of adolescents had eco-anxiety more often than “sometimes” on the CAS scale. These proportions were at 8.05 and 5.75% when the cognitive-emotional and functional impairment dimensions were, respectively, distinguished. Our results are significantly lower than proportions found in studies on adult populations in general (non-clinical) population: for instance, 11.64% of participants had eco-anxiety more often than “sometimes” in Heeren and collaborators, in the general adult population, with a proportion of 10.82 and 20.72%, respectively, for the cognitive-emotional difficulties and functional impairment dimensions (Heeren et al., 2022). Similarly, in Clayton and Karazsia (2020), 17–19% of participants in the general adult population had eco-anxiety more often than “sometimes” for the cognitive and emotional difficulty dimension, and 26–27% for the functional impairment dimension. These prevalence could be different from those of our cohort for at least two main reasons: either because they come from the general population, while our cohort is clinical; or because they come from an adult population, while our cohort concerns adolescents. Finally, in line with other studies (Mouguiama-Daouda et al., 2022), suicide risk is well-associated with anxiety and depression.

More generally, too few empirical articles on the eco-anxiety of young people are conducted, especially under the age of 18. A selective analysis targeted on eco-anxiety, conducted empirically within two systematic reviews on the impact of climate change on young people (Léger-Goodes et al., 2022; Martin et al., 2022), found 44 articles on eco-anxiety in children and/or adolescents and/or young adults under the age of 25 years (listed in Supplementary material 4). Eco-anxiety is mainly described as “important” in young adults, as described by Hickman et al. (2021) in 10,000 children and young people in ten countries, with 50% reporting negative emotions and 45% admitting that their feelings about climate change “negatively affected their daily life and functioning”. In the same way, a survey carried out in Australia among 600 children aged 10–14 revealed that 44% of children were worried about the future impacts of climate change (Tucci et al., 2007).

This study has some limitations. First, in our cohort, we find a lower prevalence of eco-anxiety than in these other international studies of young people. There are at least three explanations for this difference. It could be related to our sample with an imbalance and females and/or a relatively young mean age (13.79 years), which could explain lower levels of eco-anxiety and age independence than in other studies; second, comparing eco-anxiety data across studies could be difficult because of heterogeneity in the measurements tools used so far (for a discussion, see Martin et al., 2022); third, these differences in prevalence may be related to the fact that our study focuses on patients hospitalized in a child psychiatric unit, while other did not. This is an important result in itself since no study, to our knowledge, has been based on a group of hospitalized adolescents—despite the relative psycho(patho)logical vulnerability of this population. Other methodological limitations of this study should be noted, in particular the lack of an eco-anxiety scale specifically validated for children and adolescents, the non-collection of some sociodemographic data (e.g., urban or rural residence or socioeconomic level of parents), that may modulate our results.



5 Conclusion

Suicide is a major public health concern, and anxiety is a significant risk factor for suicide in adolescents; eco-anxiety, stemming from climate change concerns, is a growing source of distress in this specific population and can lead to harmful mental health consequences. Considering suicide in adolescents within the scientific domain of eco-anxiety opens avenues of research at the crossroads of environmental and mental health sciences. This study aims to explore, for the first time to our knowledge, the relationship between eco-anxiety and suicide risk in adolescents, with a focus on the impact of functional impairments. These findings suggest that eco-anxiety might not be the main concern for adolescents in the care of adolescent psychiatrists. However, we strongly emphasize the need to continue the evaluation of such associations between psychiatric disorders and eco-anxiety, advocating for a minimal ethical and prudent approach in mental health care for this population.
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Previous research has suggested that individual characteristics, such as personality traits, are crucial for pro-environmental behaviors. However, the joint role of more specific environment-related individual dispositions on various pro-environmental behaviors has not yet been investigated and is the aim of this study. A total of 649 adults (18–59 years old) assessed their pro-environmental behaviors, personality traits, the connectedness to nature, attitudes toward exploration, and spatial anxiety. Personality traits (openness and conscientiousness) were related to some of the pro-environment behaviors (transportations and purchasing). Connectedness to nature was the factor most associated with the pro-environment behaviors (conservation, citizenship, purchasing). Moreover, newly we showed that attitudes toward exploration were associated with citizenship and purchasing behaviors. Overall, the results newly highlighted the importance of environment-related characteristics alongside general personality traits. Fostering environmental-related personality factors, such as connection to nature and attitudes towards exploration, may drive positive environmental action, suggesting novel approaches to build a more sustainable society.
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1 Introduction

Human society is causing climate change and ecological damages and must act (Stollberg and Jonas, 2021). Individual pro-environmental behaviors that refer to various human actions that produce environmental benefits relative to other alternative behaviors (Lange and Dewitte, 2019) play a crucial role in addressing this issue. Among the pro-environmental behaviors, there are both public-sphere behaviors (such as environmental activism and nonactivist citizenships) and private-sphere behaviors (Stern, 2000). Within the latter, those with greatest impact include conservation of resources (e.g., heating, freshwater consumption), food and purchasing behaviors, and transportation decisions (Markle, 2013; Stern, 2000). These behaviors are typically studied collectively rather than individually, so their specific qualities may be overlooked. In this regard, understanding the factors that drive individuals to engage or refrain from pro-environmental behaviors is crucial. Research on these factors has used two approaches: a context-focused approach, exploring environmental factors on behaviors, and a person-oriented approach (Schultz and Kaiser, 2012), which emphasizes the importance of individual factors that encourage ecological behaviors.

Research has shown the importance of psychological and motivational factors, such as values, norms and internal attributions, in relation to pro-environmental behaviors (Bamberg and Möser, 2007; Stern, 2000). However, personality traits—defined as the individual typical ways of thoughts, feelings, and behaviors—seem also related to shaping environmental attitudes, values, and behaviors (Stern, 2000). Studies typically have shown a positive correlation between pro-environmental self-reported behaviors and openness, agreeableness and conscientiousness (e.g., Brick and Lewis, 2016; Markowitz and Shariff, 2012; Poškus and Žukauskienė, 2017; Soutter et al., 2020). Extraversion results are mixed, and no association has been found for neuroticism (e.g., Brick and Lewis, 2016; Soutter et al., 2020).

However, apart from personality traits, other personal characteristics may play a role. Some evidence underlines the importance of the characteristics related to an individual’s relationship with the environment, particularly with the concept of connectedness to nature and wayfinding inclinations. Connectedness to nature refers to a nature-based disposition of being bonded with the natural world, understanding its significance and value, and appreciating its beauty and benefits (Mayer and Frantz, 2004). Numerous studies have highlighted that individuals with a strong connection to nature are more inclined to engage in environmentally conscious actions (e.g., Martin et al., 2020). A recent meta-analysis has quantified this relationship as having a moderate effect size (r = 0.42; Whitburn et al., 2020). Moreover, this association remains consistent across gender, age groups and geographic locations (Whitburn et al., 2020).

Besides connectedness to nature, individual wayfinding inclinations are factors pertaining to one’s relationship with the environment. They are people’s attitudes toward navigating and exploring environments. Typically, they involve perceived proficiency in efficiently moving through the environment (sense of direction), pleasure in exploring places, and levels of spatial anxiety (Muffato et al., 2022). These inclinations can be considered spatial-based personal dispositions given that they tend to remain relatively stable throughout an individual’s adulthood (Muffato et al., 2023), even with a degree of malleability (He and Hegarty, 2020). To date, researchers have not, to our knowledge, investigated the relationship among wayfinding inclinations, connectedness to nature, and personality traits together in relation to various pro-environmental behaviors.

Indeed, individuals who exhibit a profile characterized by a strong environment-individual relationship (i.e., strong connection to nature, high pleasure in exploration, and low spatial anxiety) could be more likely to engage in pro-environmental behaviors. Therefore, we newly aimed to investigate the relationship between individual disposition, including general dispositions (personality traits) and specific environment-related dispositions, and various key pro-environmental behaviors (Kaiser, 2020), including conservation of resources, citizenship, food, and purchasing and transportation behaviors. This approach emphasizes specific associations between individual traits and behaviors. Although numerous studies have linked personality traits to pro-environmental behaviors (without necessarily examining various types of them), limited evidence exists regarding the conjoint role of environment-based dispositions. General and environment-based dispositions may play distinct roles, varying in relation to various pro-environmental behaviors.

We expect, concerning personality traits, the involvement of openness, agreeableness, conscientiousness, and extraversion, as research has shown (e.g., Brick and Lewis, 2016). However, openness, which consistently correlates with pro-environmental behaviors (e.g., Soutter et al., 2020), could be the factor with a stronger relationship with all the behaviors under investigation. Conscientiousness may be more closely associated with conservation behaviors (Brick and Lewis, 2016; Milfont and Sibley, 2012) and purchasing choices (Novliadi et al., 2018) given these pro-environmental behaviors need consistency and discipline. Agreeableness and extraversion may be more relevant for citizenship behaviors because individuals who are altruistic, outgoing, and social could tend to be more engaged in activities in the public sphere (Koole et al., 2001).

Concerning personal factors related to the individual-environment relationship, we expect to confirm a positive correlation between connectedness with nature and pro-environmental behaviors (Whitburn et al., 2020). Specifically, we may expect that connectedness to nature could be associated with not only conservation and purchasing behaviors as previously found (Martin et al., 2020), but also with the other domains of pro-environment behaviors given it is a specific environmental-related personal characteristic (Whitburn et al., 2020). Regarding the attitude toward exploring the environment, although no previous literature is available, we might expect individuals with lower spatial anxiety and who find greater pleasure in exploring could be more inclined to engage in citizenship behaviors and choose environmentally friendly transportation methods, such as walking, given they likely enjoy going outside more (Muffato et al., 2022).

To sum up, we can expect that each pro-environmental behavior will be primary associated with some of the individual factors, with environmental-related dispositions playing a role in these behaviors. However, we expect food choices to be a distinct factor less influenced by these personality characteristics (Spence, 2022), due to its potentially stronger connection to other (e.g., cultural and economic) factors.

To accomplish our goals, we conducted a self-reported study on various types of pro-environmental behaviors and assessed individual factors. Self-report assessments, although they have limitations regarding their reliability due to potential bias in individuals’ observations of their own behavior, offer a convenient way to capture various pro-environmental behavioral domains as well as their frequency (Tam and Chan, 2017) and timeframes. Items on self-report questionnaires may refer to the present, a specific period in the past (e.g., the previous month or year), or an unspecified timeframe (Lange and Dewitte, 2019). We opted to use an unspecified timeframe to capture usual individual behavior regarding conservation of resources, citizenship, food, purchasing, and transportation behaviors (using an adapted version of the Pro-environmental Behaviors Scale, Markle, 2013). Personality traits have been assessed with the Italian 44-item BIG-5 Inventory (BFI) (Ubbiali et al., 2013), connectedness to nature with the scale by Mayer and Frantz (2004), and attitudes toward exploration and spatial anxiety with the scales by De Beni et al. (2014).



2 Method


2.1 Participants

The study included 649 adults (405 women; 239 males; 5 other/prefer not to say) 18 to 59 years old (women: M age = 29.70, SD = 12.20; men: M age = 31.60, SD = 11.90; other/prefer not to say: M age = 28.00, SD = 9.03) recruited from a university course in exchange for course credit and by word of mouth. Inclusion criteria were Italian mother tongue; age between 18 and 59 years; and no history of psychiatric, neurological diseases, or diseases capable of causing cognitive, visual, auditory and/or motor impairments. We determined the sample size considering at least five observations for each parameter estimated in the model (Bollen, 1989); therefore, a total of at least 335 participants was sufficient (67 parameters in the model; see results).



2.2 Materials


2.2.1 Pro-environmental behavior measure: revised version of the Italian version of the pro-environmental behavioral scale

The PEBS (Menardo et al., 2020; Markle, 2013; see Supplementary materials) consists of 15 items, evaluating environmentally favorable behaviors grouped into four factors: conservation (e.g., “How often do you cut down on heating or air conditioning to limit energy use?”); environmental citizenship (e.g., “How frequently do you watch television programs, movies, or internet videos about environmental issues?”); food (e.g., “How often do you consume beef?”), and transportation (e.g., “How often have you walked or cycled instead of driving?”). In addition to the original questionnaire for this study, we considered a fifth factor, purchasing (given it is another key pro-environment behavior), creating 4 items (inspired by from Kaiser, 2020; e.g., “How often do you prefer to repair used items instead of replacing them with new ones?”). We asked participants to rate how often they exhibit each behavior on a 5-point Likert scale (1 = never to 5 = always, except for 3 items; see Supplementary materials). Unlike Menardo et al. (2020), we did not provide a specific timeframe for responses about food because data collection occurred immediately after the COVID-19 pandemic, potentially impacting habits. To investigate the factorial structure of the new version of the questionnaire, we conducted a factor analysis to compare the five-factor structure (conservation, citizenship, food, transportation, and purchasing) with a single factor (all items loading a single pro-environmental latent variable). The results showed that the five-factor structure showed better fit indices (RMSEA = 0.037, SRMR = 0.048, CFI = 0.946, NNFI = 0.930, AIC = 34,402) than the one-factor structure (RMSEA = 0.098, SRMR = 0.077, CFI = 0.571, NNFI = 0.518, AIC = 352,044). Therefore, for the scores, we considered the five factors, each total score being the mean of the scores on the corresponding items. Reliability was moderate in the current sample (Cronbach’s alpha: conservation = 0.63, citizenship = 0.48, food = 0.68, transportation = 0.39, purchasing = 0.60; Omega: conservation = 0.63, citizenship = 0.40, food = 0.72, transportation = 0.38, purchasing = 0.73), reliability in the original version was good (Cronbach’s alpha range.62–0.74, Omega range 0.69–0.80).



2.2.2 BFI, Italian version

The BFI (Ubbiali et al., 2013), consisting of 44 items, was used to assess the five personality traits: extraversion (8 items; example: “is outgoing, sociable”), agreeableness (9 items; example: “is considerate and kind to almost everyone”), conscientiousness (9 items; example: “does a thorough job”), neuroticism (8 items; example: “gets nervous easily”), and openness to experience (10 items; example: “is inventive”). The participant’s task was to indicate how much they agree with each statement on a 5-point Likert scale (from 1 = not at all to 5 = very much). The score is the sum of the items for each factor after we reverse the negative items. Cronbach’s alpha: extraversion = 0.85, agreeableness = 0.66, conscientiousness = 0.83, neuroticism = 0.80, openness = 0.79.



2.2.3 Connectedness to nature scale

The CNS (Mayer and Frantz, 2004) questionnaire, consisting of 14 items, was used to assess one’s level of connection to nature and the environment, awareness of the connection between one’s well-being and the natural world, and ideas, attitudes, and emotional commitment regarding living things (fauna, flora). An example is “I recognize and value the intelligence of other living organisms.” Participants expressed agreement on a 5-point Likert scale (from 1 = strongly disagree to 5 = strongly agree). The total score is the sum of the item ratings. Cronbach’s alpha = 0.76.



2.2.4 Wayfinding inclination measures

Attitudes toward orientation tasks questionnaire, the AtOT (De Beni et al., 2014). The questionnaire, consisting of 10 items, was used to assess a person’s attitudes toward exploring environments. An example is “I like to find new ways to reach familiar places.” Participants answered on 6-point Likert scale (from 1 = not at all to 6 = very much). The total score is the sum of the items. Cronbach’s alpha = 0.82. Spatial Anxiety Questionnaire (SA; De Beni et al., 2014). The questionnaire, consisting of 8 items, was used to assess the level of anxiety and discomfort one experiences when moving through space and in spatial situations. An example is “Park your automobile in a big parking area.” Participants answered on a 6-point Likert scale (from 1 = very little to 6 = very much). The total score is the sum of the items. Cronbach’s alpha = 0.92.



2.2.5 Procedures

The study was conducted (in 2022) online using Qualtrics and Zoom in an individual session lasting around 30 min. The experimenter met the participant in a Zoom meeting and provided a Qualtrics link for them to complete independently. Participants read and signed the informed consent form, provided demographic information (age, gender) and, in random order, completed the revised version of the PEBS, the BFI, the CNS, the AtOT, and the SA. The experimenter remained available on Zoom to answer any questions participants had.





3 Results

We conducted analyses using R. At the descriptive level, we computed means and standard deviations of all considered variables and correlations between them. See Table 1.



TABLE 1 Descriptives and correlations between variables.
[image: A correlation matrix table shows different psychological traits and their interactions. The table includes values for age, BIG5 personality traits (Conscientiousness, Openness, Neuroticism, Extraversion, Agreeableness), connectedness to nature, attitude toward exploring, spatial anxiety, and environmental behaviors (PEBS). Significant correlations (r ≥ |0.15|, p < 0.001) are bolded. The average age is 29.69 years with a standard deviation of 11.14. Different correlations indicate varied relationships between traits and behaviors, such as a correlation of 0.29 between conscientiousness and age.]

Then, we ran a multivariate regression model to investigate the associations of personality traits (Big-5), connectedness to nature (CNS), and wayfinding inclinations (attitudes toward exploring places and spatial anxiety) in each domain of pro-environmental behavior, considering the covariance between them (full model; see Figure 1). We included age and gender in the model as a control given their potential relationship with pro-environmental behaviors (e.g., Gifford and Nilsson, 2014). Table 2 presents standardized betas, CI, p values (we considered p values ≤0.001 significant given the multiple comparisons), and R2 of the model. The results showed different predictors for the various pro-environmental behavior domains. Higher openness predicted greener transportation and purchasing behaviors (however, higher conscientiousness predicted less green transportation behavior). Higher connectedness to nature predicted greater conservation and citizenship as well as purchasing behaviors. More positive attitudes toward exploring predicted greener citizenship and purchasing behaviors. Concerning gender and age, women reported more green food and purchasing behaviors than men (but equal to “other/prefer not to say”); younger people reported greener transportation behaviors.

[image: Diagram depicting relationships between demographics, personality traits, and environment-related characteristics to pro-environmental behaviors (PEBS). Demographics include age and gender. Personality traits feature the Big Five traits: conscientiousness, openness, neuroticism, extraversion, and agreeableness. Environment-related characteristics involve nature connectedness, attitudes toward exploring, and spatial anxiety. These factors are linked to pro-environmental behaviors, such as conservation, citizenship, food, transportation, and purchasing, with various connection strengths indicated numerically.]

FIGURE 1
 Graphical representation of the significant relationships (p ≤ 0.001) in the multivariate regression model. Covariances are present in the model but not shown in the figure.




TABLE 2 Results of the multivariate regression analysis.
[image: Regression analysis table showing relationships between various factors and PEBS categories: conservation, citizenship, food, transportation, and purchasing. It includes standardized beta coefficients, confidence intervals, and p-values. Significant predictors with p < 0.001 are highlighted in bold. Key significant factors include gender, nature connectedness, and attitude to explore across different categories. Total R-squared values vary by category.]



4 Discussion

We aimed to investigate the interplay between general personality traits and environment-specific personality characteristics, such as connection to nature, exploration attitudes, and spatial anxiety, in relation to various pro-environmental behavior domains (i.e., conservation, citizenship, food, transportation, and purchasing behaviors). The multivariate regression analyses showed specificity of relationships between each predictor considered and the various domain of pro-environmental behavior, providing new evidence, as we discuss in the following paragraph.

Concerning personality traits as assessed using the BFI (Ubbiali et al., 2013), we identified openness as the most significant trait for pro-environmental behavior, consistent with the literature (Soutter et al., 2020). Specifically, we newly observed this pattern primarily for greener transportation and purchasing behaviors, suggesting that openness, which involve being open to new experiences and ideas, seem particularly related to behaviors that involve trying new things. For example, individuals may be more inclined to change their habits, explore new transportation options, or try innovative methods, such as using websites to buy and resell clothing. Conversely, conscientiousness was newly specifically found to be associated with lower engagement in green transportation behavior, possibly reflecting the fact that conscientious people could be more resistant to changing their habits in favor of more sustainable ones. Overall, we confirmed the significant role of personality traits in pro-environmental behaviors (Brick and Lewis, 2016).

However, when considered all together, environment-related dispositions also played a role. Indeed, our results confirmed the significant role of connectedness to nature in promoting various pro-environmental behaviors. Higher levels of connectedness to nature were associated with increased conservation, citizenship, and purchasing behaviors, in line with previous research (Martin et al., 2020). The connection to nature appears to be a robust predictor of pro-environmental behaviors across multiple domains, emphasizing the need to nurture this trait from a young age (Spano et al., 2021).

Finally, we introduced a novel environment-related dimension by examining the role of wayfinding inclinations, such as attitudes toward exploring places and spatial anxiety, on pro-environmental behaviors. The results newly suggest that attitudes toward exploration can shape pro-environmental actions. Specifically, we found an association with citizenship behaviors, possibly indicating that individuals who are more willing to explore their environment are more likely to engage in activities in the public sphere (Stern, 2000). Surprisingly, we also found an association with purchasing behavior, suggesting that individuals with favorable attitudes toward exploration may be more open to exploring new purchasing methods. We also expected an association with transportation behavior (Muffato et al., 2022) but did not find one. This could be attributed to the significant cost implications associated with changing transportation habits. For instance, transitioning from non-sustainable to sustainable transportation often requires more time (Mouratidis et al., 2023), an effect that may be stronger than the role of individual characteristics in this context. Researchers should explore this intriguing connection to understand its potential better. This personal attitude seems specific, not completely overlapping with general personality traits, such as openness. It also differs from other wayfinding inclinations, such as spatial anxiety, in its ability to predict certain pro-environment behaviors. This suggests the importance of promoting positive attitudes toward exploration because the experience of exploration may be important for positive behaviors related to the environment.

Lastly, we included age and gender as controls, given their relevance to pro-environment behaviors. Women reported higher engagement in green food and purchasing behaviors than men (e.g., Gifford and Nilsson, 2014). Younger individuals were more likely to choose greener transportation options than older ones, possibly reflecting either higher sensitivity to environmental issues or limited car access. Nevertheless, demographic variables are important in understanding pro-environmental behaviors.

The present results offer insights into practical applications, such as promoting both general and specific environmentally related dispositions. For instance, traits like conscientiousness and openness to experiences can change in response to environmental influences (e.g., Roberts and Bogg, 2004; Schwaba et al., 2018), as can connectedness to nature (e.g., Coughlan et al., 2022) and attitudes toward exploration (Meneghetti et al., 2019). Exposure to intentional activities and specific environments can therefore support changes in individual dispositions and, in turn, increase pro-environmental behaviors.

However, some limitations need to be considered and possibly addressed in future research. The present study is a correlational study based only on self-reported measures. Using objective measures of pro-environmental behaviors (e.g., Lange and Dewitte, 2019) and conducting a longitudinal study would provide stronger evidence of the association between personal characteristics and various pro-environmental behaviors. It is important to note that although we used a well-known and validated scale from the literature (Markle, 2013) and adapted it for the Italian context (Menardo et al., 2020) to measure pro-environmental behaviors, the measure in the present sample did not show high reliability, especially for the citizenship and transportation factors. This limitation could have impacted the results found. More research is needed to create valid instruments. Furthermore, other personal characteristics should be explored more thoroughly in each pro-environmental domain, for instance socio-demographic aspects, perceived costs and attitudes towards environmental governance (Fischer, 2010; Kaplowitz and Boucher, 2022). Additionally, generalizability of the association found is not possible, and replications of this study in other countries should be conducted. Another limitation is the lack of a social desirability scale, which could have helped minimize potential bias. Finally, as expected, we found that food behaviors were not associated with general or environment-specific personality traits. This suggests that future research should pay more attention to the specificity of each environmental behavior per se.

To conclude, the present study offers a fresh perspective on the individual factors relating to pro-environmental behaviors in various domains. We emphasized that specific environmental-related personal characteristics, and not only general personality traits, play a role in driving pro-environmental behaviors. Each pro-environmental behavior can have specific associations with both general and specific environmental dispositions. Newly, we found that individual attitudes toward exploration associated with certain pro-environmental behaviors, suggesting the importance of the relationship between the individual and the environment for at least some of the pro-environmental behaviors. Therefore, acknowledging the multifaceted nature of pro-environmental actions, our results underscore the significance of promoting individual characteristics related to the environment to facilitate the creation of a more sustainable society.
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Introduction: In Norway, despite ambitious goals for a low-carbon society, the extensive extraction of fossil fuels persists, accompanied by widespread climate skepticism. Wind energy is proposed as a solution but faces resistance.
Methods: This study examines the experiences of both developers and opponents of wind energy through qualitative interviews. Using appraisal theory, we classify emotional reactions, finding sadness and disgust as the most prominent negative emotions.
Results and discussion: Additionally, fear and frustration were prevalent, reflecting tensions between wind energy and individual values. Emotional reactions vary widely and suggest that opposition to wind energy is multifaceted. Opponents exhibit stronger emotional responses, while developers, representing business interests, show less intense emotions. We identified 23 key triggers for these emotions, which often can be seen as disruptions caused by the development of wind energy. Engagement, comprising cognitive, affective, and behavioral elements, is essential to addressing these conflicts. Early engagement gives stakeholders the opportunity to influence the process, thereby reducing the conflict level. This highlights the need for earlier and more inclusive engagement processes to foster meaningful dialog and uphold democratic principles.
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1 Introduction

Norway has an important role as an energy exporter. This is a result of large oil and gas reserves allowing Norway to export 87% of its energy in 2020 (IEA, 2022). The ongoing war in Ukraine has further cemented Norway’s position as an energy export country. The large extraction of fossil fuels stands in contrast with the ambitious goals to reduce greenhouse gas emissions by at least 50% before 2030 compared to the 1990 levels and to become a low-emission society by 2050 (not including the impact of exported oil and gas) (Klima og miljødepartementet, 2023).

A survey by the Norwegian fact-checking service, faktisk.no, found that one in four Norwegians believe that climate change is first and foremost natural (Varfjell, 2023). A study by YouGov found that that only 35% of Norwegians surveyed believe that the climate is changing, and that human activity is mainly responsible (Smith, 2019). In most Western countries, a much larger share of the population is convinced that human activity is the main force behind the current observed climate change. In the YouGov study, Norway tops the list of climate skepticism together with Saudi Arabia, whose economy also strongly relies on exporting fossil fuels. However, this should not be equated with outright climate denialism: according to the same study, most Norwegians believe the climate is changing, and human activity is partly responsible, together with other factors (Smith, 2019).

Wind energy is proposed as one way out of Norway’s fossil economic lock-in. One of the main advantages of wind energy, emphasized by its supporters, is that it provides climate-friendly energy (Rinaldo et al., 2024). In a country with many climate skeptics, this argument may garner little support, and the disadvantages of wind energy may lead to an escalation of wind energy opposition. The large availability of, and long traditions of, an alternative source of renewable and climate-friendly energy in Norway, hydroelectric power, may further increase the momentum against wind energy in Norway, even among those who are not climate skeptics. Norwegian electricity production is almost emission-free, with 88% coming from hydroelectric power plants and 10% from wind energy (Statista, 2023). Generating surplus energy for export may be a prominent economic motive, an argument whose punch is watered down by the involvement of foreign investors in wind energy consortia (Rinaldo et al., 2024). By 2023 69% of wind farms in Norway have foreign ownership (Pedersen, 2023).

Wind farms in Norway are typically built in relatively remote areas, but to keep construction costs down they are often located near existing infrastructure such as roads or powerlines. As a result, even though the areas of wind energy are sparsely populated, such developments will still impact residents. According to Statistics Norway (2024), a population total of only 89,018 inhabitants live in the ten counties with the most wind energy per square meter. Despite the relatively low number of people affected by wind energy development there has been a lot of opposition. In 2022 35% of the Norwegian population were against development of wind energy (Aasen et al., 2022). The two largest Facebook groups, Nei til vindkraft Motvind Norge and Motvind, had 118,000 and 55,000 members, respectively, in 2024.

Wind energy development is often a source of controversy. The controversy includes several topics such as sound or visual impacts, environmental concerns or issues of fairness, participation and trust (Rand and Hoen, 2017). This paper investigates the experiences of both developers and opponents involved in wind energy-related controversy, with a particular emphasis on the emotions these experiences evoke. Additionally, the study sheds light on the more general mechanism of status quo bias, which often emerges when national policies are enacted in local projects and face strong resistance. Such resistance is frequently attributed to NIMBYism, a term derived from the expression “Not in my backyard” meaning that one is negative toward the siting of something that might be unpleasant if it is close to where one lives, but not as long as the siting is far from home. This explanation have been challenged by researchers in the past (Devine-Wright, 2005).

Factors influencing acceptance and opposition to wind energy has been a topic of research internationally, (e.g., Langer et al., 2018; LaPatin et al., 2023). Our study examines different local developments in Norway and does not fathom more general international or national discussions on wind energy as such. However, by examining the qualitative experience of these conflicts, we aim to provide insight into how individuals with different roles relate to wind energy development. This approach may also uncover previously unknown factors and deepen our understanding of the key emotional triggers and arguments involved.

Our study addresses the following research questions:

	(1) Which emotions are experienced by stakeholders in Norway’s wind energy controversy, and what might trigger these emotions?
	(2) What are the key arguments in the controversy, and how do these arguments relate to the emotional triggers?



2 Theory

The theoretical framework for this paper is primarily grounded in the appraisal theory of emotions with a particular focus on climate-related emotions as defined by Pihkala (2022). Additionally, understanding engagement (Lorenzoni et al., 2007) is important, in both interpreting the emotional sides of the wind energy controversy and facilitating democratic processes in wind power development. We also consider disruption as a possible trigger for some of the emotional reactions to wind energy. Finally, we use previous literature on ownership, as research has found that different forms of ownership structures can influence attitudes toward wind energy particularly by amplifying positive attitudes and suppressing negative attitudes (Warren and McFadyen, 2010).


2.1 Appraisal theory of emotion

Emotional reactions to events are a key part of human life and can also be an important motivator (Izard, 2007). How humans react emotionally to an event can be predicted from their cognitive appraisal. However, when discussing emotions, it is necessary to reach a common understanding of emotions. This is easier said than done, there is not a universally agreed upon definition of emotions (Ortony, 2022). For the purpose of this paper, we define emotions as “feelings that are directed at someone or something” (Hume, 2012). We use appraisal theory (Scherer, 1999) to get a better understanding of how these emotions occur. Appraisal theory posits that emotions are elicited in two stages. The first stage evaluates whether the event is positive or negative for individual well-being. The second stage evaluates if the individual can deal with the consequences of the appraised event (Scherer, 1999). According to appraisal theory, there are four main sets of criteria that people use to evaluate events: (1) The intrinsic characteristics of the event, which are focused on the novelty or agreeableness of the event, (2) how important the event is for a person’s needs or goals, (3) the individual’s ability to cope or influence the consequences of the event and (4) the compatibility of the event with social or personal norms, values and standards (Scherer, 1999). Figure 1 illustrates our understanding of appraisal theory of emotion and provides a parsimonious representation.
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FIGURE 1
 How an event is appraised based on its characteristics and compatibility with personal norms and values. This appraisal determines the valence (positive or negative) and leads to corresponding emotional reactions. In this case, the focus is on negative emotions such as threat, sadness, anger, and disgust.


According to Scherer (1999), one aspect of the event’s novelty is the suddenness, which could trigger emotions such as anger and fear – both of which are reflected in our data. Appraisal theory also accounts for the diversity of emotional reactions to wind energy. Appraisal theory addresses both positive and negative emotional reactions; however, our study focuses specifically on negative emotional reactions. Therefore, the figures presented illustrate only the negative emotional reactions that we identified, categorized according to the climate taxonomy presented by Pihkala (2022). Appraisal theory has guided several other papers concerning the emotional responses to renewable energy technology (Perlaviciute et al., 2018; Vespa et al., 2022).

Nerb et al. (2001) found that the appraisal of the magnitude of environmental impact, in this case an oil spill, influences the intensity of emotions like anger and sadness. Additionally, Nerb and Spada (2001) suggest that anger is the more likely emotion if the event has an apparent entity to blame. In contrast, if there is no obvious entity to blame, sadness is the more probable response, though both emotions may still coexist.



2.2 Climate emotions

To inform our analyses we use the taxonomy of climate emotions by Pihkala (2022), which provides a nuanced framework of emotions experienced as a response to climate-related events. Given the complex variety of emotions present in our data, we opted for Pihkala’s detailed taxonomy over simpler models, such as Ekman (1992) basic emotions theory, to better capture the depth of participants’ emotional responses. Several negative emotions found in this paper result from perceived negative changes in the local environment. In this case there are many participants with a biospheric value orientation (de Groot and Steg, 2007). This makes climate emotions an appropriate theory as much of its foundation is in the emotional reactions caused by climate change events. Further the emotional taxonomy presented by Pihkala (2022) also includes emotions tied to morality such as disgust or resentment.

The need for a nuanced emotional taxonomy was further supported by the concept of emotional granularity – the idea that people vary in how precisely they express emotions, with some using precise specific terms and others relying on more general expressions of pleasure or displeasure (Barrett, 2004). For this reason, we used Pihkala’s detailed taxonomy to categorize climate emotions. The selected emotions are listed in Table 1.



TABLE 1 Climate emotions relevant for this study.
[image: Table showing emotions and mental states alongside variations of climate emotion. Threat-related emotions include fear, worry, anxiety, feeling overwhelmed. Sadness-related emotions include sadness, solastalgia. Anger-related emotions include anger, frustration. Disgust-related emotions include disgust, resentment.]



2.3 Engagement


2.3.1 Stakeholder engagement

Lorenzoni et al. (2007) define engagement as an individual’s state, comprising three elements: cognitive, affective, and behavioral. This emanates from the idea that people must care about the issue and be motivated to take action (Lorenzoni et al., 2007). By including these aspects, engagement reaches beyond just the idea that people need to possess knowledge to be engaged. Even though local engagement and conflicts may sometimes be perceived as annoying by developers and politicians, one should acknowledge that conflicts and acts of resistance among citizens are legitimate parts of a functioning democracy.

Lack of stakeholder engagement, particularly in the early stages of a construction project, can be highly problematic. When stakeholders are not involved early on, they have less opportunity to develop counterarguments against the project. Early engagement also provides room for adaptations and negotiations. Moreover, supporters are unlikely to get engaged if they feel the construction as inevitable, which limits the development of psychological ownership. Previous research highlight stakeholder involvement early in the planning process and recommends prioritizing openness, dialog and active engagement (Durham et al., 2014; Solman et al., 2021).



2.3.2 Barriers and enablers for engagement

In Europe today, there is a general understanding of climate change as a serious problem (European commission, 2023). However, knowledge alone is not sufficient to motivate individuals to engage in climate action. It is important to preface that engagement can manifest in different areas. In the context of wind energy development much of the discussion on engagement is related to climate policy and energy infrastructure. Several barriers hinder participation in climate change-related action. Lorenzoni et al. (2007) presents two main categories of barriers: (1) Individual barriers, such as lack of knowledge, uncertainty, skepticism and distrust in information sources; and (2) social barriers, often related to external forces, such as lack of political action, lack of industry initiative, and prevailing social norms and expectations. Lorenzoni et al. (2007) emphasizes that “Local environmental issues are not only more visible to the individual but present more opportunities for effective individual action than climate change.” This observation is relatable to the recent wind energy controversies, as resistance is often seen as combatting local environmental issues. Such conflicts can highlight a tension between global climate mitigation efforts and local environmental conservation. The relative proximity of wind turbines to a local community makes them appear much closer in physical and temporal space compared to the more abstract concept of climate change. Moreover, Klöckner and Löfström (2022) note that climate change scenarios and cost-related actions to deal with climate change are often perceived as uncertain, further complicating individuals’ willingness to engage. Naturally, preservation of the local environment is more manageable and works as a “framing” of the problem to a geographical area. In addition, the timeframe of a local wind power development may be perceived as more manageable than that of the more elusive general climate change process. These two “limiting” factors may well explain the relatively high level of residents’ engagement regarding local wind power developments.




2.4 Disruptive communication

The development and implementation of renewable energy technologies has the potential to interrupt everyday life. The transition from internal combustion engines to electric motors in cars demands changes of habits related to charging, removal of oil burners for heating is expensive and the construction of wind turbines can lead to noise and disturbance of scenic views. This disruption often provokes an emotional response. Disruption can also be used strategically and is then called disruptive communication. In short, confronting established assumptions and disrupting people’s everyday lives provokes emotional engagement. The end goal of disruptive communication is to create a situation that allows for radical change to take place (Klöckner and Löfström, 2022).

Previous literature has identified wind energy development as a source of disruption, i.e., it can disrupt the place attachment (Devine-Wright and Howes, 2010). In Norway, resistance to wind energy development has been both active and highly visible in the media. Particularly, the indigenous population has been active in protests, even winning lawsuits against the Norwegian state regarding wind power developments that threaten their traditional way of life (Fjellheim, 2023). Kim and Chung (2019) found that the establishment of a wind farm can make memories of earlier place disruption more salient. This finding is particularly relevant for Norway, where the indigenous population has had their traditional land expropriated for other purposes on several occasions. Consequently, the development of wind farms represents yet another disruption of their sense of place attachment.



2.5 Ownership

The ownership of wind energy has been found to influence the acceptability of wind energy; see Lundheim et al. (2022) for a literature review. Community ownership, in all its forms, has been shown to effectively enhance acceptance. One frequently cited example of successful community ownership is the wind farm at the Danish Island of Samsø. A key factor for the resident’s acceptance is the possibility for residents to become co-owners of the local wind turbines (Löfström, 2015). Local ownership, and the absence of foreign or outsider investors, have contributed to the fact that the locals on Samsø have changed their perception of the wind turbines in the local environment. Comparative studies further support the link between community ownership scheme and higher acceptance rates (Musall and Kuik, 2011; Walker and Baxter, 2017). However, Leer et al. (2020) found that community ownership and a property value loss compensation scheme did not compensate for the non-economic factors of wind energy development. In the following section we discuss engagement, and we believe that for any local or cooperative ownership to occur, stakeholders must be able to engage with the project.




3 Methods

The sampling for this paper was done by employing purposive sampling (Etikan et al., 2016). More specifically, we employed critical case sampling as this work is exploratory, and we cannot draw wide generalizations.

The study is based on qualitative, in-depth interviews (Rutledge and Hogg, 2020) with two different stakeholder groups in Norway: developers of wind power projects and opponents. In total, nine interviews were conducted, two with developers and seven with opponents of wind energy. According to Rutledge and Hogg (2020), in-depth interviews are an appropriate method to gain insight into the participants experiences and feelings regarding a specific topic. The opponents represent community organizers of resistance to wind energy, selected from different online discussion groups. This group of people represents important figures in the Norwegian wind energy resistance as they are significant contributors to the online activity of the opposition. The biggest opposition group in Norway has 118,000 members (in 2024), which is a significant number of members considering that the country has a population of 5.46 million. We chose this sample as we believe that these Facebook groups could provide valuable insights into why people are in opposition to wind energy. This is also supported by Borch et al. (2020). Despite the open nature of the discussion groups, we chose not to name them to keep the participants anonymous. The second group of participants were found by contacting those companies in Norway that were engaged in planning and building of wind farms at the time of data collection. Due to a lack of response from several companies, the decision was made to move forward with those that provided timely replies. Two representatives of companies were willing to participate. Again, we do not name the company or any identifying factors to guard their anonymity. Our study is not focused on a specific wind energy project since the stakeholders are involved in different projects. The inclusion of developers allows us to get a glimpse into the emotional reactions of both opponents and developers of wind energy.

We interviewed nine persons individually, seven opponents and two developers. Each interviewee was assigned a unique ID number (interview 1–9) for anonymously referencing their quotes, and we added “(Res)” or “(Dev)” in addition to making clear which sample the interviewee was from.

The participants represent different genders and age groups. However, we did not ask specifically about this, nor did we ask about education. We do this to adhere to the data minimization principle (Goldsteen et al., 2022). Another reason is that the number of opposition groups in Norway is limited, and we interview moderators of these groups. This could make it too easy to identify our participants, thus breaching researcher participant confidentiality. We acknowledge, however, that these factors may be necessary for other questions related to wind energy or other renewable technology.

The interviews were rich in data covering a wide range of topics. Data collection was planned to be done in person. However, they were collected on the tail end of the COVID lockdown in Norway. This was a very uncertain time therefore the interviews ended up being done online. Despite this limitation, the resulting data is extraordinarily rich. Much of this is because our participants are involved to a considerable degree in the controversy. This involvement leads to our participants having a lot of experience as stakeholders in their respective wind energy conflicts.


3.1 The interview guides

We used two interview guides to gather our data (Appendix 1). One guide was created to interview opponents of wind energy projects, and the other guide was created to interview the developers of wind energy projects. Both interview guides are informed by previous work on acceptance of wind energy research and are closely related to each other but nevertheless contain individual components. The interview guide to those opposing wind energy covers in broad terms the following topics: Initial awareness of wind energy development, attitudes toward wind energy, perceived ownership related to wind energy, community benefits, environment impact, effects on nature, and personal experiences of the conflict. The developer questionnaire differs in that it asks less about the impact of wind energy and more about the perception of opposition. All interview guides were tested aforehand to ensure that these are non-ambiguous and would allow for different people to understand the questions in a similar way.



3.2 Data analysis

Four criteria are widely used to appraise the trustworthiness of qualitative research: credibility, dependability, confirmability and transferability (Denzin and Lincoln, 1996; Guba and Lincoln, 1994). The authors have carefully addressed each of these criteria to achieve a high level or trustworthiness. Central to this effort is transparency in data collection and analysis. Given the limited population size and the even smaller number of individuals directly affected by local wind energy developments, much of the debate and resistance has taken place online in different social media groups. We used these platforms to recruit participants, aiming to talk to as many individuals as possible who are either directly affected or actively involved in the discussion. Although our number of participants is modest, we have successfully identified representatives who offer insight that reflects the ongoing debate. All of the respondents representing opponents were moderators of their respective Facebook groups or they were referred to as key figures by other members of these groups. This paper aims to explore the diverse experiences of both developers and opponents of wind energy in relation to the controversy surrounding it, with a particular emphasize on emotions evoked by these experiences.

The analysis was done individually by the authors, followed by a comparison and discussion of findings. To facilitate the analysis, the authors employed a qualitative data management tool known as NVivo, which allows researchers to keep a clear overview of the codes and themes (Dhakal, 2022). The process was both reflexive and iterative (Pyett, 2003). To analyze our data, we used thematic analysis (Clarke et al., 2015), informed by the literature on appraisal theory (Scherer, 1999) and climate emotions (Pihkala, 2022). This method enabled us to identify the stakeholders’ emotional reactions to wind energy development.

Thematic analysis was chosen for its flexibility, allowing us to adopt an organic approach to the data, where themes naturally emerge during the analysis process. It should be noted that the emotional classifications are grounded in our impressions of both the content and delivery of what was said during the interviews. This approach gives us a clearer understanding of the underlying emotions reflected in the quotes. We selected quotes that represent the interviewees perspectives in a fair manner and did not pull quotes out of context.

The original data is in Norwegian, and all quotes were translated using DeepL (DeepL, 2023) and human translators.



3.3 Limitations

This paper is based on interviews with nine persons engaged in different wind energy projects in Norway, and thus we cannot generalize the findings to a broader context. Worth mentioning is that it was challenging to find representatives from the developers’ side who were willing to be interviewed. Further, when interviewing the developers of wind energy, it was clear that they felt more constrained during the interviews compared to the individuals who were opposed to wind energy.

It should also be mentioned that this paper focuses solely on onshore wind energy, however, offshore wind energy is gaining recognition as an important major step in wind energy development (Shen et al., 2024).

The data was collected online due to COVID pandemic restrictions. Not being able to visit the people that took part in the interviews meant that it was not possible to observe sites of protests or significant areas for the stakeholders. This makes us somewhat removed from the local development that is often the source of controversy.




4 Results and discussion

This paper explores several different emotional reactions to wind energy, both among wind energy opposers and those who are actual developers. Based on these emotions, we have identified overarching themes that trigger these emotional reactions among our participants. We identified and classified these emotional reactions inspired by previously defined categories (Pihkala, 2022, see Table 1 for details). Our analysis indicates that the emotional reactions to wind energy are quite similar to the emotional taxonomy identified by Pihkala (2022). However, we hold off on calling these categories universal as many of the countries studied so far – ours included – are so called WEIRD (Western, Educated, Industrialized, Rich and Democratic (Henrich et al., 2010).


4.1 The respondent’s emotional reactions

The respondents emotional reactions are structured in the same manner as the climate emotions identified by Pihkala (2022). We present respondents’ quotes and discuss the emotional reactions and their underlying causes. While certain emotions, such as worry and anxiety, overlap and are sometimes interconnected in other contexts (Sweeny and Dooley, 2017), we have chosen to structure the results and discussion according to distinct emotional themes. We begin by examining threat-related emotions, followed by those associated with sadness, as shown in Table 1. Each quote is labeled with a unique identifier (Q1, Q2, Q3…Q27).


4.1.1 Threat related emotions

The following section addresses emotions that are related to the assessment of threat, including emotions such as fear, worry and anxiety, as well as helplessness and feeling overwhelmed.


4.1.1.1 Fear

Several participants express fear when faced with wind energy, either explicitly or through responses that matches the appraisal structure of fear.

Quotes from the interviews:


(Q1) “My house, for example, is not included in the noise calculation at all, but I’m one of the people who gets it the worst. Yes, it goes into the house, I’ve been having migraines since this has been set… and I haven’t had them before. I had a nosebleed here on Sunday, never had it before. Heart palpitations, [I] don’t sleep well because you go to bed with such a high pulse that your heart is beating, and it’s like that… just like that…” (Res 4)
(Q2) “What I’m afraid of is noise, the direct impact of noise, and some people have started to report that they suffer from more headaches, migraines, sleep less well and [it is generally] louder… [some] find this now constant noise very disturbing.” (Res 5)
(Q3) “They could have told the truth. […] These mills are full of poison… it’s composite plastic, right, that sticks together and there’s no way to get rid of it now. It’s a tragedy. The ones that are taken down now are either shoveled down or sent to African countries and paid for. It’s a huge environmental problem with them, in just a short time.” (Res 6)



Also, the developers acknowledge fear among opposition members:


(Q4) “They argue that house prices are falling in the areas so that the housing will not be worth anything, in other words, a series of scare tactics that … and some people become genuinely afraid of it and think ‘this is dangerous,’ ‘we just have to stop this,’ ‘this is… we could die here,’ ‘this is dangerous not only for humans, but also for… animals, especially birds.’” (Developer 1)
 


4.1.1.1.1 The triggers

4.1.1.1.1 The triggers. The quotes show that triggers of fear can be health related, as well as environmentally related. Health concerns were common among opponents, with health fears mentioned in six of nine interviews. For example, Q1 and 2 expressed fears about potential health effects, including migraines, sleep disturbances, heart palpitations, and noise-related annoyance.

Environmental concern also emerged as a significant trigger. Participants raised issues such as biodiversity loss and the toxic materials in wind turbines (pollution). For instance, Q3 highlighted the environmental risks posed by composite plastic waste from turbines, framing it as an ecological tragedy. Fears also extended to the environmental impact of the turbines’ production and disposal at the end of the lifespan.

Developers are aware of the fear experienced by some opposition members and believe that certain individuals of the opposition deliberately amplify these fears by painting doomsday scenarios (Q4). These scenarios often involve claims about declining property values and health risks to humans and animals. However, developers frame these fears as something caused by propaganda. This is elaborated further in the discussion of “frustration.”



4.1.1.1.2 Discussion of fear

4.1.1.1.2 Discussion of fear. Songsore and Buzzelli (2014) and Rubin et al. (2014) found that health-related concerns were a significant factor in public resistance to wind energy. However, the causal relationship between negative health effect and wind energy is not well established. A literature review by Knopper and Ollson (2011) attributed much of the health effects from wind turbines to annoyance. A more recent review found much of the same (Karasmanaki, 2022). Despite the lack of a well-established causal relationship, it is essential from an acceptability perspective to take these claims seriously. Fears of health issues can be a powerful motivator for resistance against wind energy. Karasmanaki (2022) suggests that objective information about wind turbines could be a way to mitigate these fears, however, motivated reasoning will most likely limit the impact of objective information (Druckman and Bolsen, 2011). Dismissing such complaints when the person experiences these issues could lead to greater frustration or anger (Jeffery et al., 2013).

Studying media coverage on wind turbines in Ontario, (Deignan et al., 2013) found that 94% of the articles focused on health effects, amplifying dread about potential impacts. Reports of health issues linked to wind energy, while likely not caused by the turbines themselves (Karasmanaki, 2022; Knopper and Ollson, 2011), are perceived as real. These experiences, and their narratives, often shared through news and social media provides anecdotal evidence raising opposition or at least instill skepticism.

Much of the fear is related to environmental impacts, a topic that has been extensively addressed in research (Adeyeye et al., 2020; Warren et al., 2005). Wind turbines are hard to recycle, and the different materials require different processes for recycling (Jani et al., 2022). Turbine blades, in particular, are notably difficult to recycle (Andersen et al., 2014). However, efforts to address these challenges are actively worked on (Jensen and Skelton, 2018). Environmental organizations, such as the Norwegian “Naturvernforbundet,” fear that the development would negatively impact biodiversity (Naturvernforbundet, n.d.), however in our analysis biodiversity loss is more strongly connected to worry.




4.1.1.2 Worry

Another emotion identified in the data is worry, which like fear, reflects a feeling of stress (Levy and Guttman, 1985). Levy and Guttman (1985) highlight an asymmetric relationship between worry and fear: While fear is always accompanied by worry, worry can occur independently of fear.

Quotes from the interviews:


(Q5)“They think it’s perfectly fine to build it in the middle of the bird migration where the radar measurements show that it’s densest, that’s where they’ll have turbines, they see that as unproblematic, and then they haven’t done any surveys in the ground or in the peat bogs. So they don’t know how deep it is, they don’t know what the soil is like, it’s an island so there hasn’t been ice there during the last ice age, so a lot of the rock has deeply weathered […] but generally speaking, you have to dig up and then fill it with concrete to make it stable. And that’s not something that has been predicted to happen, but it’s assumed that these will be small interventions.” (7 Res)

(Q6) “Oh, I knew about it, and it was probably in about 2014 while they were working on the 2013 construction. I don’t actually remember. It may have been as early as 2009, …, because that’s when the other landowners were told about the other [project] […] it wasn’t a big concern then, it was just ‘green energy’ and ‘saving the world’ and climate this and climate that … I knew that it might make some noise or take some birds, so I wasn’t quite sure if it was such a good idea, but it wasn’t something I cared much about then.” (8 Res)
 


4.1.1.2.1 The triggers

4.1.1.2.1 The triggers. The primary triggers for these quotes stem from concerns about environmental impacts, safety issues associated with wind turbine construction and lack of early concern.

The first quote focuses on technical and ecological shortcomings, such as geological instability and impacts on wildlife. The second quote highlights lack of early concern. Interestingly, worry was not triggered instantly. Q6 describes a lack of worry during the initial planning stages, indicating that early indifference was later replaced by growing doubts as more information or consequences became apparent. This shift was influenced by the framing of the project as “green energy,” tied to goals like, “saving the world” and addressing climate change, which initially muted potential worries.



4.1.1.2.2 Discussion of worry

4.1.1.2.2 Discussion of worry. The delayed worry expressed in Q6 is in accordance with the concept that wind energy resistance follows an inverse U-shaped curve (Devine-Wright, 2005), particularly evident in the first half of the curve. The respondent initially displayed little interest in wind energy and was not actively engaged in the development process. According to Lorenzoni et al. (2007), this lack of engagement may result from the absence of perceived disruption or changes in the local environment, making the impact of wind energy on the environment less salient. Furthermore, this initial lack of worry might lead to negative emotions in the future, as participants might feel regret for not acting when they had the opportunity.

While renewable energy is generally associated with less worry compared to fossil fuel-based energy (Burger, 2012), Q5 illustrates that renewable energy can still raise significant environmental concerns. The participant frames wind energy development as worrisome in this context, believing that it results in substantial changes to the local environment.

Burger (2012) investigated worry associated with different means of energy production, finding that fossil, chemical, and nuclear energy evoked the highest levels of concern, while renewable energy generated the least. Despite apparent similarities in negative emotions, previous research by Levy and Guttman (1985) highlights distinctions between them. Worry can affect stakeholders in wind energy development for different reasons. For instance, Enevoldsen and Sovacool (2016) noted that developers often worry about project delays, whereas politicians tend to worry about public outcry. Additionally, the perceived environmental impacts of wind turbines can trigger significant worry. Klain et al. (2018) found that concerns about harm to birds and marine mammals outweighed worries about economic costs. This aligns with findings from our interviews, which indicate that worry can stem from a variety of factors.

The visibility of wind turbines may act as a constant reminder of these worries. Experiencing ongoing worry could, in turn, trigger more severe emotional reactions such as anxiety (National Institute of Mental Health, 2022).




4.1.1.3 Anxiety

Like fear and worry, fear and anxiety are closely related emotions. The distinction between them is not as clear-cut as previously believed, rather, it is complex and nuanced (Daniel-Watanabe and Fletcher, 2022). However, a distinction between fear and anxiety is helpful in guiding research. One of the clearest differences is that fear typically arises in response to a real and immediate threat, while anxiety is a response to a potential future threat (Catherall, 2003).

Quotes from the interviews:


(Q7) “It doesn’t help to scare us with what’s happening now with temperatures rising and all sorts of things now, if we don’t have nature, we have nothing to live on.” (6 Res)

(Q8) “So the countries that have more wind power, they also have a much more expensive power supply, because they have to double down. They have to have double the supply, they have to have double the back-up. In Norway we have hydropower, but otherwise it’s gas power that acts as back up.” (8 Res)

(Q9) “What helps us in our opposition to wind power is this outcry against high electricity prices now. Not an electricity crisis, but an electricity price crisis. So, an alliance has formed here now, which is very interesting.” (6 Res)

(Q10) “You get a fairly significant reduction in property value, and some may not sell at all, which means that the property value is virtually zero.” (8 Res)

(Q11) “It’s terribly unfair, it’s an unfair taxation of some people who live right next to a wind turbine that they don’t want, and then they lose half the value of their house and home, and they don’t get anything back for that in Norway.” (8 Res)
 


4.1.1.3.1 The triggers

4.1.1.3.1 The triggers. The triggers for these quotes reveal underlying concerns about environmental priorities (loss of local nature), economic implications, economic unfairness, and property impacts tied to wind energy development.

In the first quote (Q7), the trigger lies in the tension between global climate messaging and the local destruction of natural environments. The respondent expresses frustration with climate alarmism that fails to consider the immediate importance of nature conservation, emphasizing that without nature, broader environmental goals are meaningless. With the term “nature” the respondent probably refers to intact nature and ecosystems that are not influenced by human land use.

Secondly, the assumed increase in energy costs serves as a significant trigger. The economic inefficiency of wind power, particularly the expense of maintaining redundant energy systems to compensate for its intermittency, is highlighted in Q8. This stands in contrast to Norway’s reliance on hydropower, which provides a more stable and reliable energy source, supplemented by gas backup. Further, respondent 6 (Q9) view the current high energy prices as beneficial for the resistance to wind energy.

The triggers in the last two quotes (10 and 11) are related to the financial and emotional impacts of wind turbines on nearby residents. These include drastic reductions in property value and the inability to sell homes. The picture painted is quite bleak, describing a situation in which people will either be forced to sell at a much lower price or be stuck with their property because of the construction of wind turbines in the area. The emotional impacts include the perceived injustice of bearing the burdens of wind energy development without adequate compensation. Together, these quotes underscore how localized economic and social inequalities fuel opposition to wind projects.



4.1.1.3.2 Discussion of anxiety

4.1.1.3.2 Discussion of anxiety. Anxiety related to the climate is often referred to as eco-anxiety, which is an emotional and mental reaction to environmental conditions and awareness of ecological issues (Pihkala, 2018).

Quote Q7 acknowledges the effects of climate change but suggests that preserving local nature is a higher priority than addressing global climate. This phenomenon, known as a green-on-green conflict (Warren et al., 2005) highlights competing environmental priorities. Both sides of the conflict use arguments rooted in environmentalism: one side emphasizes the clean energy benefits of wind turbines, while the other side points to the impact on the landscape. The quote is also interesting as it shows how an opponent might weigh the urgency of these two issues. While they acknowledge the severity of climate change, the thought of losing their local nature is perceived as a greater threat.

There is also evidence that anxiety is linked to concerns about energy supply (Karasmanaki and Tsantopoulos, 2019). This is particularly relevant given that one of the disadvantages of wind energy is its unreliability, which could lead to anxiety about consistent energy supply (Thayer and Freeman, 1987). However, research exploring the relationship between anxiety, eco-anxiety, and wind energy—or renewable energy more broadly—remains limited, highlighting a significant gap in the existing knowledge base.

One concern raised is that countries with larger investments in wind energy tend to face higher electricity costs (Q8). It is important to consider this statement within the context of when the data was collected, as energy prices were quite high in Norway at that time. Moreover, the concern over rising energy costs is described as something that is beneficial for wind energy resistance (Q9). This is particularly noteworthy as it suggests that at least some opponents of wind energy do not perceive wind energy development as a reliable way to lower electricity prices, either in Norway or abroad, as noted by participant 8 (Q8). Additionally, it shows the opposition’s ability to leverage a widespread source of anxiety to advance their cause effectively.

Losing property value was mentioned by multiple participants in the interviews (for instance Q10 and 11), and is also a topic frequently discussed in literature. Hoen et al. (2011) found that neither the view of wind turbines, nor the distance to them, had any statistically significant effect on the sales prices of the properties examined. However, other researchers have found that wind turbines do have a negative effect on property value (Heintzelman and Tuttle, 2012). A more nuanced view is presented by von Detten et al. (2023) assessing the effects of wind turbines on standard land values. They found that land values decreased more in areas with lower population density compared to those with higher population density. Wind energy in Norway is often built in areas that are sparsely populated, therefore a possible reduction in property values near wind farms in Norway is a relevant concern.




4.1.1.4 Overwhelmed

Some of the participants described feeling helpless in the face of the different wind energy projects. Feeling overwhelmed and helpless are often seen concurrent in research (O’Neill and Nicholson-Cole, 2009; O’Neill et al., 2013). Therefore, we are classifying “feeling helpless” same as “feeling overwhelmed.”

Quotes from the interviews:


(Q12) “And then it’s also quite overwhelming because when you start to see that you’re going to oppose a development that the state wants and that a large company wants, where do you start, but it wasn’t … it wasn’t informed where … as it is on … when they build a road, you get a letter that the appeal body is this and that, it didn’t exist for this wind power plant.” (5 Res)

(Q13) “Yes, it’s probably… there are two things. Firstly, it’s probably the fact that the local population feels completely run over.” (6 Res)

(Q14) “No, the main reason is what we were talking about, namely that it’s the loss of something dear to them. And then there’s the loss of being heard. The feeling and experience of being run over by something you never asked for.” (2 Res)

(Q15) “I thought for a while that it was possible to help prevent the massive destruction. Well, it’s changed in the sense that it’s become far more serious than when I started. And we haven’t yet progressed beyond the first round, the first phase. Because now both the EU and Støre [the Norwegian Prime Minister] are planning a new investment in wind power, and that will come next year.” (2 Res)

(Q16) “I actually sent a message to the Mayor saying, ‘You know what, now I’ve realized why we don’t hear anything from these people (other opponents of wind energy).’ They’re actually broken. They’re psychologically broken from being in this fight and having it shoved down their throats at the same time.” (4 Res)
 


4.1.1.4.1 The triggers

4.1.1.4.1 The triggers. Lack of information and influence, fighting against powerful government bodies and corporations are significant triggers of feeling overwhelmed.

Respondent 5 (Q12) points at lack of information as a trigger to feeling overwhelmed. The respondent is lacking information on the plans for the project like the ones that are mandatory for other types of physical development like roads. At the time of the interview wind power development was not regulated by the Norwegian Plan and Building Act. This has now changed, and the planning process is more similar to the procedures for other physical development (Kommunal- og distriktsdepartementet, 2024).

Quote 15 reflects on how the respondent’s attitude toward opposing wind energy has changed. Initially, they believed it was possible to stop the destruction of local nature caused by the construction of wind farms. However, as they over time have not been able to influence the process, it has become increasingly clear that stopping it may be beyond their control. The feeling of helplessness can be very negative as individuals can become “destroyed” by their opposition to wind energy (Q13 and 16). The combination of opposing wind energy and not being able to influence the development of wind energy in a significant way is particularly destructive (Q14 and 16).

Many participants highlighted the perceived disparity in power between local opponents and large entities, such as government bodies and corporations. A perceived imbalance between developers and wind energy opponents, who feel like they are fighting both the state and large corporations, is expressed (Q12). This sense of battling overwhelming odds can create significant emotional distress. Further, the opponents also give the impression that they were left out of the process as they were not properly informed. This could exasperate the feeling of being overwhelmed as changes seem to suddenly happen. Several examples show people who feel like they have been “run over” by the wind energy developers (Q13 and 14).




4.1.1.4.2 Discussion of feeling overwhelmed

In many cases the locals’ ability to oppose wind energy development is limited. At best, they may only succeed in delaying it (Aitken, 2008). This could lead to the opposition feeling overwhelmed by the other parties in the conflict. Ransan-Cooper et al. (2020) looked at emotional responses to siting solar batteries in Australia and found that feeling overwhelmed by the complexity of the process leads to less positive emotions. It is likely that similar emotional responses occur in the context of wind energy development.

Previous research has identified the planning process as an important factor of acceptance of wind energy (Lundheim et al., 2022; Ottinger et al., 2014; Walker and Baxter, 2017). Wind energy developers in the USA, along with environmental activists, felt that the planning process was too long and frustrating (York et al., 2016). Frustration from opponents was linked with more negative attitudes toward wind energy (Devine-Wright and Howes, 2010). The quotes do in our opinion, lend credence to this claim. By feeling overwhelmed they also give the impression that they feel left out of the process. This is supported by quote 14, pointing out that this is something that the residents never asked for. Participants felt excluded from the planning process. This lack of transparency and consultation contributed to their sense of being “run over.”

Russell and Firestone (2021) indicates that feeling helplessness is common among residents in areas undergoing wind energy development. In contrast, people who move to these areas after the construction is completed do experience less helplessness and show a more positive attitude. This difference could be a result of newcomers not having experienced the same disruption associated with constructions. In interviews, two quotes (Q15 and 16) give the impression that being in opposition to wind energy and not achieving their desired outcomes is an emotionally taxing experience – one that newcomers do share.




4.1.2 Sadness-related emotions

This section addresses two sadness related emotions labeled sadness and solastalgia. In the present study, sadness-related emotions were experienced both by developers and opponents.


4.1.2.1 Sadness

Sadness related to wind energy development in Norway is a recognized phenomenon (Normann, 2021). In an analysis of Twitter posts, Corbett and Savarimuthu (2022) found sadness to be the dominant negative emotion in discussions on sustainable energy.

Quotes from the interviews:


(Q17) “Perhaps the first reaction was that they are taking our local nature, which is in a way the most important quality in these outskirts, as it probably is for all outskirts, it’s nature, nature experiences. And that was destroyed, not just on top of the mountain, but in a large surrounding area.” (5 Res)

(Q18) “You meet people who actually want to hurt you. […] It’s okay that they don’t wish me well, […] you meet people who want to hurt us because they think that we do something to bother them.” (1 Dev)
 


4.1.2.1.1 The triggers

4.1.2.1.1 The triggers. One trigger that could be seen in quote 17 is the degradation or loss of local nature and possibilities for outdoor life. This loss causes emotional distress and feeling of sadness. These quotes emphasize how vital nature is for the community’s identity and well-being.

Based on the quotes from one of the developers (Q18), the willingness of wind energy opponents to consider inflicting physical harm can be identified as a trigger for sadness for developers. This trigger evokes the experience of being targeted by others, or of a possible radicalization of the opponents, which leads to feelings of sadness.



4.1.2.1.2 Discussion of sadness

4.1.2.1.2 Discussion of sadness. Quote 17 highlights the loss experienced by rural residents due to wind energy development, emphasizing their close connection to nature, which is integral to Norwegian cultural heritage. They describe the development as an assault on the values of local communities, framing it as a “robbery” (Q19).

Sadness arising from wind energy development could be understandable, as it diminishes the natural beauty and emotional bonds residents have with their surroundings. This sadness is intensified by the emotional connections to one’s environment (Casakin et al., 2021).

The sadness felt my developers reflects a confrontation with individuals who deliberately seek to harm or disrupt, causing distress and fear. The sadness expressed seems to be a result of the animosity that is targeted toward the developers. The animosity could be tied to the health danger perceived by the opponents. Additionally, it also illustrates how different the stakeholders’ perceptions are. Sadness, just as other emotional responses, has a strong influence on the support of climate mitigation projects, with emotional impacts being strongest for those living closer to such projects (Hart et al., 2015).




4.1.2.2 Solastalgia

Solastalgia is a concept that refers to the distress people feel when environmental change affects their home while they remain connected to it (Albrecht et al., 2007).

Quote from the interview:


(Q19) “And it is in the classic nature conservation or in the daily use of our natural qualities that we, the population, find ourselves. That’s where we live our lives, and that’s where we have our values, through outdoor life and other nature experiences. And that’s where the great robbery happens, which makes people sick and desperate.” (2 Res)
 


4.1.2.2.1 The triggers

4.1.2.2.1 The triggers. Similar to Q17, Q19 expresses a sense of loss, or disruption of place attachment, feeling that wind energy development has harmed their future and their local environment.



4.1.2.2.2 Discussion of solastalgia

4.1.2.2.2 Discussion of solastalgia. The language further underscores the strength of their attachment to the area, describing that the developers have “destroyed” their local nature, which is considered the most important quality of their community. This sentiment reflects a profound sense of place attachment. The emotion evoked by this disruption of place attachment could be seen as a form of solastalgia in line with the findings of Phillips and Murphy (2021). Previous studies have also linked construction of wind turbines to solastalgia due to their impact on local environments (Mueller and Brooks, 2020). In general, our data also shows a strong connection to nature among participants. In other studies, emotional reactions to visual disruption due to landscape alteration has been classified as fear (Pasqualetti, 2011), in the present study solastalgia was found to be the most appropriate classification.





4.1.3 Anger related emotions

Several emotions can be related to anger. In our analysis we have classified both anger and frustration as anger-related emotions.


4.1.3.1 Anger

Quotes from the interviews:


(Q20) “I think people have been so distraught that it is perceived as so unfair. It’s all been done in such a wrong way that we’ve had no chance and then you get quite angry, of course, and distraught so you express that, but also the supporters or I know even those who have made agreements, that regret it and have tried to get out, but it’s not possible.” (5 Res)

(Q21) “But of course, harsh words have been used, that’s true, but I feel that they’ve been driven from pillar to post. In the end… you get terribly angry, and you use words and phrases that you wouldn’t use under normal circumstances.” (6 Res)

(Q22) “One of the first things I did was to react to Germany’s policy, actually. Because I sat down that summer and read the Norway-Germany strategy…and I remember posting a comment about this. “Yes, those who don’t believe in this” or something like that, “they should read this.” And then I got a response like “Oh my God, you can’t bring the Germany strategy into this.” I don’t think that person would have said that today [laughs] two years later.” (4 Res)
 


4.1.3.1.1 The triggers

4.1.3.1.1 The triggers. The most prominent triggers in the cited quotes are a perception of unfairness, lack of influence, defeat and distrust in politicians.

The first quote (Q20) highlights a sense of powerlessness and mistreatment, as participants perceive that decisions were made unfairly, without their input or the opportunity to influence the outcome. This trigger is closely tied to feelings of injustice and regret, with some participants expressing that they feel trapped in agreements they are unable to escape.

Frustration and being pushed into difficult situations provoke extreme emotional responses, as seen in Q21. The trigger here is the feeling of defeat, which causes individuals to use harsh language and act in ways they would not under normal circumstances. It reflects how anger can distort behavior and communication. The trigger in the final quote (Q22) is rooted in distrust in politicians. The participant’s reaction shows how deeply political policies can stir emotions, provoke strong response that led to public debates and conflicts in communication. This trigger is tied to broader political dissatisfaction and the way public discourse evolves over time.



4.1.3.1.2 Discussion of anger

4.1.3.1.2 Discussion of anger. The anger felt by those impacted by wind energy industry has significantly influenced the ongoing debate, both in person and online. Quote 21 justifies the anger felt by people opposed to wind energy: Firstly, people have been driven from one perceived defeat to another, left them feeling concerned. Secondly, these perceived defeats have made them so angry that they use language that they would not have used in other circumstances. In their perspective, this anger could be seen as a form of righteous anger resulting from something evil or harmful.

To further illustrate that the tone of the debate can become quite confrontational, the development of wind energy in Norway is compared to the Norway-Germany strategy (Q22), probably referring to the plan made by Nazi Germany during World War 2 to export electric energy from Norway (Thrane and Johansen, 2022). We believe that the reason for this comparison is that at least six of the companies that invest in wind energy in Norway are German and the largest of them are involved in ten wind farms (Pedersen, 2023). This anger, and the comparison to the invasion plan from World War 2, could be because the participant feels like there is an invasion of Norway. According to the opposition, wind energy development damages local nature while it directs the economic benefits to owners far removed from the local community. Despite acknowledging that people who are opposed to wind energy experience anger toward the development, comparing said development to the nazi invasion is an extreme comparison.

Olson-Hazboun (2018) found that in fossil fuel-based communities in the US, a shift to renewable energy was a source of anger. Previous research shows that anger is often tied to process related grievances. Conversely, positive feelings such as pride were correlated with trust, project awareness and perceived benefits (Russell and Firestone, 2022). Additionally, anger is not only reserved for those who oppose wind energy. Opposition can also be a trigger of anger to those who do not oppose wind energy, as they believe that wind energy is part of the solution to climate change (Dunlap, 2018). The wide array of different effects wind energy has on both people and nature could result in negative attitudes and these attitudes could trigger negative emotions such as anger (D’Souza and Yiridoe, 2014). This is a factor that makes wind energy a complex topic as both opposition and advocation has the potential to lead to anger.




4.1.3.2 Frustration

The present study shows that frustration is an emotion that is shared by both developers and opponents of wind energy development.

Quotes from the interviews:


(Q23) “So, if we’ve tried to present facts about production in relation to area and how many households and so on, but they may not want much of that, they’d rather have a few tears [laughs], pictures and that we have nothing sensible to say, just emotional people.” (5 Res)

(Q24) “So, it has simply felt unfair, it’s no secret. You hear from key politicians that ‘We support you and this is good, but we can’t say anything until after the election,’ and then after the election they don’t say anything then […] it was a unanimous Parliament that adopted the renewable energy initiative in Norway and the wind power initiative, so…. it’s not something we made up.” (Dev 3)

(Q25) “I think it’s a very irresponsible way of making arguments and educating the public. Because you create… create a few scares in people, and some people become genuinely afraid of it.” (Dev 1)
 


4.1.3.2.1 The triggers

4.1.3.2.1 The triggers. The triggers for the opponent’s frustration (Q23) are related to how the wind energy opposition are depicted by the media. The participant expresses frustration with how their efforts to present logical, fact-based arguments are disregarded in favor of emotional appeals. This creates a sense of being devalued or dismissed as “just emotional people” rather than being taken seriously for their rational perspectives.

Developer’s quote (Q24) reflects feelings of frustration, triggered by lack of political support. Politicians who promote wind energy often avoid addressing the controversies, leaving developers to manage the opposition alone. The lack of action after elections and the perception of being misled contribute to a sense of unfairness and disillusionment. Developer 1 (Q25) also express frustration caused by the misleading or fear-based messaging used irresponsibly, causing genuine fear and anxiety among people. This fearmongering is thus a trigger for the developer’s frustration.



4.1.3.2.2 Discussion of frustration

4.1.3.2.2 Discussion of frustration. Opponents of the wind energy development projects feel frustration due to the feeling of not being heard, as the media prioritize emotional reactions rather than factual information. Gross (2007) found that communities affected by wind energy development often experience frustration due to the perceived lack of impartial and scientific information. The media’s focus on emotional appeals instead of factual arguments contributes to the belief that their concerns are dismissed. This is further compounded by the absence of objective, evidence-based information. These frustrations are consistent with Gross’s findings, which highlight how communities often feel excluded and that their concerns are not taken seriously when they are not presented as impartial or scientifically supported.

Developers experience a lot of frustration tied to the political process surrounding development of wind energy. These feelings are tied to the unfairness experienced by them when development of wind energy is a political decision. From the point of wind energy developers, the politicians have pushed for development, but they do not want to engage the opposition and find it easier to leave the developers to deal with the controversy.

The authors have previously discussed the health concerns some people of the opposition have when concerning the effects of wind energy. The developers (Q25), believes that the statements related to health are deliberately made to create a climate of fear surrounding wind energy, see also section Fear. These statements are naturally a source of frustration for developers as they motivate the opposition to take action to stop wind energy development.





4.1.4 Disgust-related emotions

Disgust and resentment were expressed during the interviews. We have classified these as disgust-related emotions.


4.1.4.1 Disgust

Previous research has identified expressions of disgust in communication and interviews with wind energy opponents (Reusswig et al., 2016). Disgust has also been associated with opposition against policies aimed to mitigate climate change (Smith and Leiserowitz, 2014).

Quote from the interviews:


(Q26) “Pacific islands that are supposed to disappear under the sea and then it turns out that they have grown. They are rising, but still, you send billions to them to support them with something or other. There are probably some corrupt top politicians down there who benefit from it.” (8 Res)
 


4.1.4.1.1 The triggers

4.1.4.1.1 The triggers. The quote suggests that doubts about the legitimacy of climate measures can trigger disgust. Possibly this disgust is caused by the feeling of being fooled by the authorities and distrust in politicians believing that there are other motives behind the policy than mitigation of climate change. The quote expresses actions meant to mitigate climate change and the results of these policies. The participant was quite disgusted by the idea that Norwegian funds are being used to enrich “corrupt top politicians.” This is in line with the findings from Smith and Leiserowitz (2014). For people who are skeptical about climate change as is evident from quote 26 regarding the pacific islands it can be inferred that they may also question some of the anticipated impacts of climate change.




4.1.5.1 Resentment

Resentment can be a result of either real or perceived injustice. Further, resentment can also be derived from inequity and in the case of wind energy development much of the anger is directed at politicians and other people perceived to be in a higher social stratum (Banning, 2006).

Quote from the interviews:


(Q27) “And then it’s difficult like now with the climate crisis, there should have been many who dug into it, too, that it’s also mostly just fraud and misery, at least it’s miserable measures that don’t help anything. And that billions should be wasted on all sorts of idiotic projects. Politicians should have been impeached, so… someone should have addressed that and written about it, but it’s a bit like if you open your mouth and say something against the climate then. I feel it’s gotten a bit better there, too, maybe recently, […] there’s so much censorship, if it’s not proper censorship then it’s self-imposed censorship and then it’s the media houses… what they want to print.” (8 Res)
 


4.1.5.1.1 The triggers

4.1.5.1.1 The triggers. Several different triggers for resentment could be found in the quote: The respondent expresses significant resentment with what they see as ineffective or misguided responses to the climate crisis, describing the measures as “miserable” and “idiotic projects” that do not provide meaningful solutions. Furthermore, a wasteful use of resources and lack of political accountability could be identified as triggers. The call for politicians to be “impeached” reflects a deep dissatisfaction with leadership and a perceived lack of accountability for poor decision-making. Finally, the resentment is also triggered by censorship and the media. The participant highlights frustration with censorship—both imposed and self-imposed—and media bias. They feel that open discussion about alternative perspectives, particularly those critical of climate policies, is stifled, contributing to a sense of being silenced or marginalized.



4.1.5.1.2 Discussion of resentment

4.1.5.1.2 Discussion of resentment. The resentment expressed in Q27 toward politicians is not uncommon: Other participants in the interviews have implied that politicians do not care about the environment and that this is only a play to give money to companies or individuals involved in the mitigation of climate change.

A case in Germany showed that private developers of wind energy contacted some citizens in a community privately for contracts. This led to resentment among the neighbors (Jobert et al., 2007). It is possible that they felt it was unfair not to receive the same economic benefits. Resentment could also lead to changes in the decision-making process. Mizuno (2014) points to previous errors related to community engagement in wind energy development such as not taking community concerns into account. Wind farms are often placed in rural areas, thus making this conflict a fertile ground for a center – periphery conflict. Walker et al. (2018) describe a conflict in Canada where resentment is triggered through the perception that “the liberals” in cities want wind energy but none of the disadvantages. Thus, leading the opposition to conclude that the “liberals” let the people living in rural areas deal with the disadvantages.

Additionally, Q18 express an extensive censorship toward people who have spoken out against the narrative that climate change exists. This could also be a source of resentment as they feel like their rights are being oppressed. It is important to note that these are the respondents’ own perceptions and might not be an accurate representation of the situation. As we have mentioned in Section 4.4.2, the media was not interested in the facts and figures provided by the wind energy opposition. This, in combination with the media publishing facts that are perceived to be in support of wind energy, could support their idea that they are being censored. This could also lead to resentment toward people who get the media attention the opposition wants.






4.2 The intensity of emotional reactions and the appraisal chain

In this chapter we discuss the intensity of the emotional reactions based on the authors interpretation of the interviews. Appraisal theory (see Section 2.1) is used to discuss how these emotions arise.

We found that sadness and disgust emerged as intense emotions. For instance, respondents’ comparison of wind energy development to the Nazi invasion of Norway reflects a particularly high level of disgust. This reaction may stem from a perceived moral failing by wind energy developers, as Rozin et al. (1999) noted that contempt, anger, and disgust often are elicited by perceived breaches of moral codes. In this case, the moral breach could be tied to feelings of exploitation, as respondents perceive wind energy development as an encroachment upon nature and a loss of communal ownership of natural spaces. Frustration and anger were also prominent emotions.

Appraisal theory provides insight into how these emotional reactions occur, suggesting that emotions are often shaped by appraisal factors such as suddenness or control (Moors, 2017). For example, one respondent express surprise at the rapid onset of wind energy development in their local area, while another highlighted the lack of control – both key appraisal criteria proposed by Scherer (1999). Understanding these emotional reactions to wind energy is essential for minimizing negative impacts that could be avoided through proper care and planning.

We envision the appraisal chain to progress as shown in Figure 1. The event in question is a wind energy project, then the valence of the event is considered based on criteria ending in a positive or negative evaluation. This leads to an appraisal of different responses, which is determined by how one can deal with the consequences of the event. It then culminates in an emotional reaction that in our sample is negative. Part of the valence appraisal also includes the compatibility with personal norms, values and standards. Our results indicate that several aspects of wind energy development conflict with respondents’ norms, values, or standards. One prominent example is the breach of values and norms related to our respondents view on nature.

There was a notable difference in how freely stakeholders expressed themselves during the interviews. In general, members of the opposition were less restrained in expressing their emotions and appeared significantly more emotionally engaged than the developers. This could stem from their perception of opposing official authorities and existing decisions. Additionally, their role as neighbors of the planned or existing wind turbines likely influences their investment in the controversy. In contrast, the developers tended to be more restrained in their expression of emotions, possibly because they represent not only themselves but are interviewed in their professional capacity, or a combination of both. Even though we do not have enough participants to make broad generalizations, it was apparent during the interviews that developers often spoke on behalf of their companies, resulting in a more cautious tone, even when encouraged to speak their mind.



4.3 Different forms of disruption

The wide variety of emotional triggers and reactions, in addition to the opponents reasoning, supports the idea that opposition to wind energy is a multifaceted phenomenon. It is something that goes beyond the concept of “not in my backyard” (Thornton and Tizard, 2010). The developers also show triggered emotions, but their emotions are in general not as strongly felt as those of the opponents. This is to be expected as the developers are representing a business and could thus be further removed from the controversy. However, we found that many of the triggers for developers were tied to the process and to how they as part of the developers’ side are perceived.


4.3.1 Disrupting access and interaction with nature

For opponents, wind turbines carry an inherent sense of disruptiveness, interpreted as a signal of human encroachment on nature. One participant expressed a belief that nature is a resource in its own right, reflecting a biospheric value orientation that values nature not for its extractable resources, but for the concept of nature and the personal connection one builds by spending time in it (de Groot and Steg, 2007). This respondent talked about the “finance-guy” view on nature, where nature is something to be used and quantified in monetary values. There was a certain resentment and anger toward this view of nature.

A possible consequence of wind energy development is loss of recreational area or a change in scenery. The change in scenery is something mentioned by our participants where they talk about “blowing up mountains and destroying nature” (Res 8). Referencing Figure 1, such a drastic change could be a consequence that the respondent cannot deal with leading to a negative emotional appraisal.

The change in nature is clashing with the opponent’s goal of conserving untouched nature – a theme frequently observed among our respondents (biospheric value orientation). This raises an important question for future research: How can wind power or other types of Renewable energy technology become less disruptive or is it even possible to reduce their disruptive impact on natural landscapes?

Using nature and spending time in nature has a large place in the Norwegian society. As mentioned, wind energy can disrupt the use of nature and change places in nature. This suggests that wind energy can disrupt this attachment. Our findings are in line with the suggestion of Devine-Wright and Howes (2010) who claimed that wind energy has the potential to disrupt place attachment. However, our interview data has also provided additional insight into how wind energy development may disrupt place attachment. We believe that it is through the emotional reaction known as solastalgia, which is a result of a major change in a person’s home environment (Albrecht et al., 2007). This could also be related to status quo bias. There is a general bias to keep things as they are, i.e., upholding the status quo (Samuelson and Zeckhauser, 1988).



4.3.2 Disruption of the identity of Norway: colonialism and democracy

In many cases, investors in Norwegian wind energy projects are foreign companies, which seems to reinforce concepts of colonization and invasion. For instance, respondents 8 and 9 emphasize their concerns about foreign ownership as an appropriation of Norwegian resources, viewing wind turbines as symbol of colonization. One reason for this is the fact that 67% of Norway’s wind energy is owned by foreign investors (Pedersen, 2023), as illustrated in Figure 2. One respondent even talked about the Norway-Germany strategy and drawing parallels between establishing wind farms owned by German companies and the invasion of Norway by Nazi-Germany during World War 2. While extreme, this example shows the depth of controversy surrounding wind energy development for some Norwegians.

[image: Pie chart depicting ownership distribution. Foreign companies hold 67%, the Norwegian State 12%, private entities 8%, local municipalities 8%, regional government 2%, public investment fund 2%, and unknown 1%.]

FIGURE 2
 The ownership percentages of wind energy in Norway, adapted from Carlsen et al. (2023).


The idea that wind energy development is a form of colonization might seem farfetched for people not familiar with the Norwegian wind energy debate. However, Norway has traditionally had extensive control over their own natural resources (Askheim, 2024). A loss of this control could lead people to feel a lack of ownership, which may lead to a hostile attitude toward the development of wind energy. In general, a loss of control is often related to negative emotional reactions (Burger, 1989) such as helplessness which we have seen in the present study.




4.4 Policy implications

Our findings indicate that wind energy development can evoke strong emotional reactions, which should be carefully considered when planning, as they could impact the project’s success. While each project is unique, the sources of disruption outlined in this paper provide valuable insight into which aspects might trigger negative emotional reactions. According to Kirkegaard et al. (2023a), the inclusion of different kinds of knowledge from developers, local stakeholders and policy makers could be a key in solving the challenges that occur in the planning of wind energy developments and the further development of wind energy policy.

A common theme among developers is their disappointment with the political process, largely due to a perceived lack of political support for wind energy initiatives. While green transition is framed as a political initiative, developers feel that their own policy are not being adequately supported. This frustration with politicians is something that both developers and opponents experienced. Politicians being more engaged in the process could help lessen the frustration connected to a perceived lack of political support. Additionally, both groups face challenges in how they are portrayed in media. Developers generally report having positive relationship with traditional news outlets, but they find social media to be a much more challenging arena. The developers spoke about having to lock down their social media platforms or being extremely careful in their posts, as even unrelated content could be flooded by wind energy opponents.

Such stories might lead to a disregard, or even demonization, of opponents. Viewing engaged citizens who participate in debates about Norway’s green transition merely as obstacles to a low emission society would, from our perspective, be a significant mistake—especially if the ultimate goal is to increase the acceptance of wind energy. By recognizing engaged citizens as assets in this process, we acknowledge that controversy as an essential component of a functioning democratic system, see for instance Hess (2009). There have been instances of people creating roadblocks and setting fire to construction equipment indicating that people are very emotionally engaged and have strong convictions in their resistance toward wind farms (Thoresen et al., 2020). As discussed in the previous section on anger, these activities may be avoided if people feel included in the decision process. Politicians also need to place themselves in the wind energy debate and not shy away as we have seen in the results section a lack of involvement from politicians is also a source of frustration.

A democratic process is contingent on stakeholder engagement (citizens) and should be considered in all parts of the development process (Durham et al., 2014). The process is rather complicated involving initial proposals for regulation, decisions of the local authorities, statement on initiation from the developer, impact assessment, a preliminary decision of The Norwegian Water Resources and Energy Directorate, detailed plans from the developer and the final decision from The Norwegian Water Resources and Energy Directorate (Biong, 2023). Durham et al. (2014), further show that early stakeholder engagement could be beneficial for identifying points of conflict and conflict resolution. Our findings support the idea that engagement comes too late in the process. The late engagement cannot solely be attributed to a lack of political awareness among the local population but also reveals issues with the underlying process. Late engagement leads to less space for negotiations for people who are affected by the development. A constrained negotiation space is not conducive to a democratic process. Based on the statements from our participants, much of the frustration stems from not being heard by developers and politicians. A challenge of early engagement is who should be included in the process. Kirkegaard et al. (2023b) highlight the negative consequences of prioritizing engagement exclusively with private landowners who own the most suitable land for wind energy development. This approach often overlooks local communities, undermining the participatory nature of the development process and resulting in a less democratic outcome.

A key aspect of democracy is free discussion (Griffith et al., 1956). Increasing the negotiation space would allow stakeholders to engage with the project in a more meaningful manner, and allowing more voices to be heard earlier in the process could make it more democratic as well as feeling more democratic for those involved. This could probably limit some of the negative emotional reactions related to not feeling heard.

Changes in the ownership policy might also help address feelings of colonization and invasion associated with wind energy projects. The Norwegian population has high trust in government and skepticism toward foreign influences in business ownership (Lie, 2016). Emphasizing ownership opportunities for local inhabitants and governments in wind energy projects may be a key factor in reducing opposition. However, it is unrealistic to satisfy everyone, so some level of resistance will likely persist.

To summarize, this study highlights the strong emotional reactions that wind energy can provoke. These reactions, should be considered in the planning process to increase the likelihood of project success and minimize negative emotional reactions. The emotional reactions identified in this paper can be seen in Figure 3. Engaging citizens early on and viewing them as assets rather than obstacles can help reduce opposition and create a more democratic process. The study also emphasizes the importance of including all stakeholders and suggests that changes to ownership policies, such as prioritizing local involvement, could address concerns and decrease resistance.

[image: Flowchart depicting various emotional responses related to environmental issues. Central emotions include fear, worry, anxiety, overwhelmed, sadness, solastalgia, anger, frustration, disgust, and resentment. These are linked to contributing factors such as health concerns, pollution, biodiversity loss, energy costs, property value decline, and more, which branch out to specific issues like construction accidents, power disparity, censorship, denial, and lack of political support. Arrows indicate the cause-and-effect relationship between the factors and emotions.]

FIGURE 3
 Emotions identified in this study and their associated triggers. Green represents the triggers. The emotions are labeled as follows: threat-related emotions are blue, sadness-related emotions are yellow, anger-related emotions are red, and disgust-related emotions are orange.





5 Concluding remarks

To summarize, a total of ten different emotions and 23 triggers of these emotions were identified in the present study. The relationship between the triggers and the emotions are shown in Figure 3.

The emotions are classified into four different categories: threat-related, sadness-related, anger-related and disgust-related emotions. These categories also contain subcategories which are detailed in Table 1. Additionally, we identify several disruptive aspects of wind energy which potentially trigger emotional reactions. Wind energy development can disrupt access and interaction with nature, place attachment, the national identity of Norway and a person’s experience as a citizen and all that entails.

We emphasize the importance of stakeholder engagement throughout the development process. Early engagement is likely to reduce some of the negative emotional reactions experienced by our participants. Appraisal theory offers a valuable framework for understanding emotional reactions to wind energy projects as it sheds light on how emotions are triggered through the appraisal of external events by looking at the different appraisal factors such as suddenness and lack of control. It is important to note that these emotional reactions are probably not the results of NIMBYism or similar phenomenon (Devine-Wright, 2005) but are instead common reactions to perceived grievances.

This paper can serve as a foundation for more in-depth studies, particularly those exploring the emotional perspective of developers involved in wind energy development.
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Introduction: Climate change and the Urban Heat Island (UHI) effect pose a serious threat, particularly for tropical countries like Singapore, which experience high air temperatures and humidity levels and are heating up twice as fast as the global average. Policy interventions have focused on promoting individuals' engagement in pro-environmental behaviors to mitigate urban heat and CO2 emissions. Although past research highlights individuals' long-lasting environmental attitudes and awareness, these do not always translate into action. This study investigates the attitudes-behavior gap and the awareness-behavior gap from a cognitive perspective, and examines the extent to which cognition is affected by urban heat.
Methods: Using a quasi-experimental field design involving 309 older adults and a novel analytical framework, we assessed the relationship between thermal comfort, cognitive control, and pro-environmental behavior.
Results: We found that low thermal comfort negatively affects cognitive control, which in turn significantly moderates the relationship between pro-environmental attitudes and behaviors, as well as between awareness and behaviors. Specifically, individuals with higher cognitive control capacity demonstrated a stronger moderating effect, helping to close the attitudes-behavior and awareness-behavior gaps and encouraging more pro-environmental behavior.
Discussion: Policies aimed at preserving thermal comfort and enhancing heat adaptation can support not only the health and wellbeing of senior citizens but also their pro-environmental behaviors. This presents a potentially central lever for behavioral change initiatives.

Keywords
cognitive control capacity, pro-environmental behaviors, heat and climate change, outdoor thermal comfort (OTC), attitudes-behavior gap


1 Introduction


1.1 The urgency of climate action in response to climate change

It is unequivocal that human influence has led to climate change. The scientific community has been sounding the alarm and warning that urgent climate action is necessary (IPCC, 2023; United Nations Climate Change, 2024; USGCRP, 2023). They have emphasized that we can expect more extreme weather patterns with climate change. The Intergovernmental Panel on Climate Change (IPCC), in its report released in March 2023, projects that global surface temperature will continue to increase until at least the mid-century under all emissions scenarios considered. Independently, the Fifth National Climate Assessment (NCA5) released in November 2023 by the United States Global Change Research Program (USGCRP, 2023) reported the number and strength of heat waves, heavy downpours, and major hurricanes events in the United States alone have increased. Therefore, in the 29th session of the Conference of the Parties to the United Nations Framework Convention on Climate Change (United Nations Climate Change, 2024) held in November 2024, it was conveyed that the impacts of climate change are already being felt across the globe, disproportionately affecting the most vulnerable population groups and highlighted the need for increasing robust climate adaptation measures. This can be seen as a strong call to action on all fronts, including individuals, to play active roles in creating a more climate neutral world.

While governments and organizations are implementing actions to mitigate the effects of climate change and to create more sustainable economies and businesses, individuals can contribute through their everyday behavior. Indeed, household consumption is estimated to be responsible for 65% of global greenhouse gas emissions (Ivanova et al., 2016). In this sense, the United Nation's Sustainable Development Goal 12 (“Sustainable Consumption and Production”; UN DESA, 2017) demonstrates a large consensus that today's consumption patterns are unsustainable and changes in consumer behaviors are urgently needed (Ivanova et al., 2020).

However, making individuals adopt more pro-environmental actions is challenging (Spangenberg and Lorek, 2019), as socio-economic and cultural systems (Vesely et al., 2022; Pong and Tam, 2023), emotions (Panno et al., 2020; Carrus et al., 2021; Nielsen et al., 2024), social and psychological factors (e.g., environmental attitudes and awareness) and cognitive factors matter (Zwicker et al., 2020; Linder et al., 2022; Shen and Wang, 2022; Kühn and Bobeth, 2022). Therefore, it is important to explore the role of these factors, as well as their interrelationship, in igniting (or hindering) sustainable behaviors (Muñoz, 2017; Jaiswal and Singh, 2018; Jaiswal et al., 2021).



1.2 Bridging the gap between pro-environmental attitudes, awareness and behaviors

Past environmental research highlighted the need to better understand the cognitive processes underlying pro-environmental behaviors to develop more effective climate action interventions and policies (Clayton et al., 2015; Bamberg, 2013; Nielsen, 2017). This could be also an explanation of why pro-environmental attitudes are not always translated into pro-environmental behaviors, referred to as the environmental attitudes-behavior gap (Juvan and Dolnicar, 2014; Kennedy et al., 2009; Nielsen, 2017). Past studies have explored whether, to what extent and under which conditions behavioral interventions aimed to increase the level of attitudes could effectively increase pro-environmental behavior. Evidence shows the low effect of intervention studies and information campaigns targeted at attitudes on actual behavior in the health domain (see meta-analysis; Michie et al., 2009) and in household natural resources consumption (Abrahamse et al., 2005). Instead, behavioral studies that put emphasis on making pro-environmental behaviors less cognitively effortless have reported it being more effective in shaping decision making and resulting in a more persistent effects over time (Borzino et al., 2025; Ebeling and Lotz, 2015; Tiefenbeck et al., 2016). This highlights the importance of focusing on cognition as a bridge between attitudes and behaviors.

When evaluating the pro-environmental behaviors, the role of beliefs (or misbelief) about climate change must not be overlooked. Past studies have found that sustainability- and environment-related awareness is also related to pro-environmental behaviors (Berger and Wyss, 2021; Osbaldiston and Schott, 2012). However, pro-environmental awareness does not always seem to translate into actions (Osbaldiston and Schott, 2012). This phenomenon is referred to as the awareness-behavior gap. In their meta-analysis, Osbaldiston and Schott (2012) found that interventions with cognitive elements were the most effective in increasing awareness and shaping pro-environmental behaviors. These cognitive elements included strategies like cognitive dissonance, setting goals, using prompts, and social modeling. In the decade since their review, there have been an increasing number of experimental studies focusing on exploring in depth diverse cognitive elements to increase awareness of different environment-related challenges (e.g., Al-Marri et al., 2018; Berger and Wyss, 2021; Cogut et al., 2019). The experimental evidence suggests the importance of cognition as a way to close the gap between awareness and behaviors.



1.3 Cognitive control capacity and its role in influencing pro-environmental behavior

Given the role of cognition, environmental researchers theorize that cognitive control capacity could be an important determinant of sustainable behaviors (Nielsen, 2017; Weber, 2017). Considering that pro-environmental behaviors are not intuitive behaviors but require individuals to be aware, deliberate and intentional, individuals' cognitive control capacity seems to matter. Cognitive control capacity is broadly defined as a set of mental processes that guide the intentional selection of behaviors for specific tasks while engaging in concomitant suppression of inappropriate and competing alternative actions (Redick, 2014; Miller and Cohen, 2001). In short, cognitive control is the process by which goals or plans influence behavior. It allows to deliberately inhibit a dominant, automatic or prepotent response (e.g., eating a piece of cake) to maximize the individuals' best interests (e.g., lose weight or stay healthy). In this sense, it is relevant to explore whether and how cognitive control capacity influences the translation of pro-environmental attitudes and awareness into pro-environmental behaviors, hereby helping to close both the attitudes-behavior gap and the awareness-behavior gap.

In a recent experimental study, Langenbach et al. (2020) investigated the role of cognitive control capacity. They focused on the attitude-behavior gap of young university students and found that participants' cognitive resources, specifically their cognitive control capacity, supported the translation of pro-environmental attitudes into a broad set of everyday pro-environmental behaviors (e.g., recycling). Participants with higher cognitive control capacity presented a behavior that was closely related to their attitudes. This finding is important for the endeavor to close the attitude-behavior gap. Yet, more research is needed to study whether this relationship applies to a broad range of pro-environmental behaviors, settings and socio-economic demographics other than university students.



1.4 Impact of heat on cognitive control capacity and pro-environmental behavior: our hypotheses

Given the importance of cognitive control capacity, it is also crucial to explore which external conditions could impact it as well as derived ways to preserve, enhance or encourage pro-environmental behaviors if pro-environmental attitudes and awareness are given. Existing studies suggest that cognitive control capacities could be affected by the environmental conditions to which individuals are exposed, for example heat. Past research suggests that heat exposure might affect cognitive control performance (e.g., Russell et al., 2020; Chea et al., 2025; Anderson, 1989; Anderson et al., 1997; Taylor et al., 2016; Gaoua et al., 2018; Laurent et al., 2018; Zhang et al., 2019; Lan et al., 2022). For example, heat stress is associated with aggressive behavior (e.g., Anderson, 1989; Anderson et al., 1997), which at the same time is associated with impulsivity and low cognitive control (Nakata et al., 2021; Meidenbauer et al., 2025; Chang et al., 2017). Other evidence suggests high temperature might affect cognitive control through the impairment of tasks performance following heat stress, decrease attention span (with more attention demanding tasks being more vulnerable than less attention demanding tasks) and information processing (for a review, see Hancock and Vasmatzidis, 2003; Schertz et al., 2022; Taylor et al., 2016; Yin et al., 2024; Malcolm et al., 2018).

Climate change is causing an increase in temperatures, which impact citizens' thermal comfort, particularly when it is combined with the effect of other environmental variables like relative humidity, wind speed or solar radiation (Vukmirovic et al., 2019). People living in tropical and subtropical countries often experience thermal comfort that is compromised by the rise of temperatures and humidity levels (Orosa et al., 2014) or due to the urban heat island effect coming along with the rapid growth of cities (Marcotullio et al., 2021). The urban heat island effect exacerbates climate change impacts by increasing temperatures in large tropical cities like Singapore to up to 7°C compared to rural areas (Roth and Chow, 2012).

Therefore, and given the evidence provided above, we can hypothesize that exposure to thermal conditions outside of comfort levels could weaken people's cognitive control capacities, which would attenuate citizens' pro-environmental behaviors. Figure 1 displays our presumptions in more detail. Low thermal comfort could impact cognitive control capacity, which at the same time moderates the relationship between environmental attitudes as well as awareness on the one side and environment-related behaviors on the other side, helping to close both the attitudes-behavior gap and the awareness-behavior gap.


[image: Flowchart illustrating the relationship between thermal comfort, cognitive capacity control, and pro-environmental behavior. Thermal comfort influences cognitive capacity control, which moderates the impact of attitudes towards the environment and awareness of environmental problems on pro-environmental behavior.]
FIGURE 1
 Relationship between environmental attitudes and awareness, cognitive control capacities and environmental behaviors.


Despite its relevance, there is only a small number of studies conducted in tropical countries analyzing the effect of heat on the cognitive resources of the young and adult population (e.g., Ndetto and Matzarakis, 2013; Porras-Salazar et al., 2018; Lipczynska et al., 2018) and of the elderly population (e.g., Wu et al., 2019; Hwang and Chen, 2010; Ma et al., 2021). Further insights on the impact of heat on the cognition of older adults will be increasingly important as the population living in tropical countries account for almost half the global population and many of the tropical countries have a rapidly aging population (United Nations, 2023).



1.5 Research aims and objectives

In this paper, and following Figure 1, we want to investigate whether (1) thermal comfort affects cognitive control capacities of healthy older adults living in tropical countries, more precisely in Singapore. If so, we want to recommend measures on how to strengthen the cognitive capacities of older adults in tropical countries; and (2) cognitive control capacity is a moderator in the gap between pro-environmental attitudes as well as awareness of an environmental problem and pro-environmental behaviors in older adults.

Our research builds on the existing literature on the relationship between thermal comfort and cognition of older adults (Wu et al., 2019; Hwang and Chen, 2010; Ma et al., 2021) as well as on the framework developed by Langenbach et al.'s (2020). However, our study presents some novel features. First, we conduct the study with participants in outdoor environments in Singapore where they carry out everyday activities. This helps to understand the potential impact of outdoor thermal conditions on cognitive control capacities in the course of daily living. Second, we focus on older adults, who are a vulnerable segment of countries' populations and who are of growing importance for aging societies. Third, we investigate the specific pro-environmental behavior of air conditioning use, which is a common lifestyle behavior in Singapore that has a considerable impact on energy consumption and contributes to urban heat effects. And lastly, to measure cognitive capacity, we focused on “selective attention capacity” because it declines with age. This variable is heavily influenced by extreme thermal conditions, and it seems of specific relevance for older adults.

The remainder of the paper is structured as follows: Section 2 describes the methods. Section 3 presents the results while Section 4 contains the concluding remarks and recommendations.




2 Materials and methods


2.1 Participants

We conducted a quasi-experiment in naturalistic outdoor environments in Singapore. Three hundred and nine healthy older adults were recruited in a total of 10 data collection sessions and on average each session lasted 80 min. Participants gave written informed consent before their participation. Older adults who were unable to provide their informed consent were excluded in compliance with ethical concerns. Ethic approval was obtained before the starting of the study. The average compensation for participating in the study was SG$20 per person plus an additional fixed amount of SG$5 for completing the survey questionnaire. Thus, participants could earn a total of SG$25 (around US$18).



2.2 Measures

In this section, and following our framework display in Figure 1, we describe the main measures used in our analysis to estimate the different variables of interest.


2.2.1 Cognitive control capacity

We use a game based on the Stroop task, a seminal measure of cognitive control, to build an indicator for the cognitive control capacity. The Stroop task is widely used to measure the ability to inhibit cognitive interference. Previous literature also reports its application to measure other cognitive functions such as attention span, processing speed, cognitive flexibility (Jensen and Rohwer, 1966), or working memory (Kane and Engle, 2003). In the Stroop task, an individual is required to focus on task-relevant stimuli properties (i.e., identifying the colors of printed words), while holding back prepotent responses (i.e., reading the words regardless of the color). Hence, it explores the performance cost in a mismatch condition relative to a control condition (MacLeod, 2023; Scarpina and Tagini, 2017). In our study, the control condition tasks (congruent questions) were those, for which the ink color coincided with the color name flashed on a tablet screen. Mismatch condition tasks (incongruent questions) were given when the ink color was different from the color name. Congruent questions mimic easy tasks in real life that require lesser cognitive effort while incongruent questions simulate difficult tasks that require more cognitive effort and longer processing time (MacLeod, 2023). The Stroop (or interference) effect was calculated as the difference in time needed for each participant to answer congruent and incongruent questions. Participants were asked to perform the Stroop test twice during the session (see Section 2.3 for details). The cognitive control capacity was calculated by the averaged interference effect from the two Stroop tests performed by each subject.

An equal number of eighteen congruent and eighteen incongruent questions were presented in each test in randomized order. The participants were required to indicate their response to each question by selecting the answers presented at the bottom of the tablet screen within 5 s; after 5 s, the current question on the screen was replaced by the next one. There were three possible types of responses: correct, wrong or missed. As the Stroop task required participants to differentiate between colors and read basic color names, older adults who suffer from color blindness (assessed using the Ishihara color-blindness test) and/or those who were unable to read color names were excluded.



2.2.2 Thermal comfort

To capture the level of outdoor thermal comfort, we used two alternative indexes: the Physiological Equivalent Temperature (PET) and Wet Bulb Globe Temperature (WBGT) (see Supplementary material for more details and equations). Both indexes are widely used in the literature and are considered as proxy for outdoor thermal comfort by capturing how changes in the thermal environment can affect an individual's outdoor thermal comfort (Deb and Ramachandraiah, 2010; Heng and Chow, 2019). By using both indexes in our analysis, we aimed to validate the consistency of our results, confirm their robustness and increase comparability with past and future evidence.

PET and WBGT present similarities (see Deb and Ramachandraiah, 2010): (1) they are measured in degrees Celsius and so they can be easily related to common experience; (2) they do not rely on subjective measures and (3) they are useful in both hot and colder climates. The interpretation of the both indexes is straightforward: the higher (lower) the PET and the WBGT indexes, the lower (higher) the outdoor thermal comfort.

We used mobile kestrels to capture the outdoor climatic conditions (i.e., air temperature, relative humidity, wind speed and the globe temperature) during the sessions. These environmental variables allowed us to calculate the PET and WBGT indices.



2.2.3 Pro-environmental behaviors

Air-conditioning is one of the most important sources of energy consumption in humid and tropical countries like Singapore. It is also one of the major sources of anthropogenic heat and CO2 emissions. Hence, we consider resource conservation due to less air-conditioning usage as one of the most important pro-environmental behaviors. Therefore, the usage of air-conditioning is taken as a measure for everyday pro-environmental behavior of the participants. Specifically, we asked the participants to state how frequently they use the air-conditioning at home. The participants needed to choose one out of 5 options starting from “no usage” (1); “once every two weeks” (2); “one to two times a week” (3); “two to three times a week” (4); or “ everyday” (5). Accordingly, the pro-environmental behavior of each participant could range from 1 to 5.



2.2.4 Attitudes toward the environment

The attitude toward the environment was taken as a measure for pro-environmental attitudes. The respective values were elicited by using the responses to the following two statements: “Mitigation action needs to be taken for Singapore's changing climate” and “More resources should be allocated to address the changes in climatic conditions faced in Singapore”. The responses were given on a 5-point Likert scale, ranging from “strongly disagree” (1) to “strongly agree” (5). We then computed one mean score for each of the participants, with scores ranging from 1 to 5, and with higher scores indicating a more positive attitude toward urban heat mitigation. The scales used to measure attitudes toward the environment demonstrated good internal consistency with Cronbach's Alphas equal to 0.85, with 0.7 typically seen as the lowest boundary for acceptance (Pallant, 2013).



2.2.5 Awareness of environmental problems

The level of awareness of environmental problems related to climate change was taken as a measure for environmental awareness. It was measured by the responses to the three following statements: “The changing climate in Singapore is an urgent problem”, “Compared to 5 years ago, Singapore is much warmer now”, and “Compared to 5 years ago, Singapore is much cooler now”. The third statement was negatively worded as a consistency check. The responses were given on a 5-point Likert scale, ranging from “strongly disagree” (1) to “strongly agree” (5). The mean score was then computed per person and can range from 1 to 5, with 1 being the lowest level of climate change awareness and 5 being the highest level of climate change awareness. The scales used to measure awareness of an environmental problem demonstrated good internal consistency (Cronbach's Alphas equal to 0.91).




2.3 Experimental design and procedures

The study was conducted in outdoor settings nested in the neighborhoods where the older adults routinely engage in outdoor activities at different times of the days (see Supplementary material for details of the study sites). Three hundred and nine older adult participants were recruited using convenient sampling across different residential neighborhoods in Singapore and all of the participants were part of our final sample (i.e., no participant was excluded). This allowed us to collect observations from participants with diverse demographic, socio-economic and lifestyle characteristics. Sample size was determined before any data analysis (80% power and alpha error 0.05). The study was conducted at different times of the day, including morning, afternoon, and evening. This ensured that we could capture a range of differing climatic conditions and levels of outdoor thermal comfort. The types of outdoor activities, in which older adults frequently engaged, can be classified into two categories: (1) sedentary activities, involving for example playing chess, chit-chatting, reading newspaper, people or bird watching and (2) physical activities, involving for example Taiji, morning exercises like stretching, running or gardening.

On the day of the experiment, all participants took up their routine outdoor activity for this day (of the week), with the exception that the researchers administered a Stroop task and short questionnaire before the activity and a second Stroop task after they completed their activity. The outdoor activities ranged from 40 to 60 min in duration. The results from the pre-activity Stroop task served as a baseline while results from the post-activity could partially account for the exposure to environmental conditions as older adults engage in their routine activities. Both pre-activity and post-activity Stroop tasks were performed for three consecutive minutes. Before starting the pre-activity Stroop task, participants had a practice session to familiarize themselves with the task and to seek any clarification if necessary. We programmed the Stroop task in-house and administered it using electronic tablets (see Supplementary material for screenshots of the Stroop game).

Once the Stroop tests were completed, a survey questionnaire with three sections was administered to our participants (see Supplementary material for the survey questionnaire). The first section collected sociodemographic information (e.g., gender, age and educational attainment). In the second section, even though our participants were older healthy adults, we asked them to self-rate their general health on a 5-point Likert scale, with 1 being poor and 5 being excellent. This measure was first developed by Ware and Sherbourne (1992) and is now widely used in population health studies.

Besides, we included an additional question to measure for outdoor preference (i.e., amount of time they spent outdoors). A 6-item block of statements were implemented (e.g., it is pleasant to spend time outdoors in Singapore) on a 5-point Likert scale with responses ranging from “strongly disagree” (1) to “strongly agree” (5). Three items focused on spending time outdoors during the day and three items focused on spending time outdoors at night. The mean score was then computed and can range from 1 to 5, with 1 being the least preference of spending time outdoors and 5 being the greatest preference of spending time outdoors. The scales used to measure personal preference toward spending time outdoors demonstrated good internal consistency (Cronbach's Alphas equal to 0.89).

The third section included questions to measure our main variables for analysis, as shown in Figure 1 and Section 2.2. These variables include “attitudes toward the environment”, which indicates pro-environmental attitudes, and “awareness of an environmental problem”, which measures the level of climate change awareness regarding Singapore's climatic conditions and rising urban heat. Lastly, participants provided information about their level of air-conditioning usage at home as a measure for pro-environmental behavior.



2.4 Statistical analyses

Analyses were performed using the statistics software STATA 16. To address our research questions and test our hypothesis, we first implemented two linear regressions with the cognitive control capacity as the dependent variable and mean PET and WBGT indexes as predictors. With these regressions, we wanted to explore the relationship between cognitive control capacity and thermal comfort following our framework displayed in Figure 1. To potentially increase the fitness of the regressions, we controlled for socio-demographics (i.e., age, gender, education level and self-rated health) and lifestyle characteristics (i.e., type of activities routinely engaged in -sedentary or physical- and preference for spending time outdoors) of our sample.

Second, and following again Figure 1, we tested whether cognitive control capacity is a moderator between “attitudes toward the environment” and “awareness of the environmental problem” and the “pro-environmental behaviors”. We performed linear regressions in which pro-environmental behavior was introduced as the dependent variable and attitudes and awareness score, and the interaction of these and cognitive control capacity thereof as predictors. To test the specific relevance of the interaction between cognitive control capacity and environmental attitudes and awareness, we calculated a hierarchical linear regression analysis to compare the full model with a model that only contained attitudes and awareness and cognitive control capacity as predictors, but not the interaction. To analyse whether the experience-sampling items measured one underlying construct, we calculated an exploratory factor analysis. In these regressions, we also included demographic, socio-economic and lifestyle characteristics as controls. In this study, we report all measures, manipulations and exclusions.



2.5 Sample description

Figure 2 shows the sociodemographic and lifestyle characteristics of our sample. Twenty-two precentage of the participants were between 55 and 64 years old, 49% were between 65 and 74 years old and 29% were over 74 years old. Overall, 92% of the sample accomplished at least a primary school education. Sixty-nine percentage of the participants were women. More than two thirds of the participants were positive about their health status. With respect to lifestyles, 64% of our participants routinely are involved in physical activities, while the remaining 36% prefers sedentary activities. Furthermore, 28% of our participants prefer to spend time indoors, 19% are indifferent or neutral while 52% prefer to spend time outdoors.


[image: Six pie charts displaying demographic data:   1. Gender: Female 69%, Male 31%. 2. Age: 55-64 years 22%, 65-74 years 49%, 74 years and above 29%. 3. Self-rated health: Good health 33%, Excellent health 67%. 4. Education level: Primary or below 51%, Secondary 41%, Higher education 8%. 5. Routine activity: Sedentary activities 36%, Physical activities 64%. 6. Preference towards spending time outdoors: Prefer outdoors 51.52%, Neutral 19.19%, Prefer indoors 29.29%.]
FIGURE 2
 Summary of sample's characteristics (n = 309).





3 Results

The mean pro-environmental behavior score of our entire sample with 309 participants is 3.04 (SE 0.25; range = 1–5). The mean cognitive control score of our sample is 0.38 (SE = 0.04; 95% CI = −0.128 to 1.14). The mean positive pro-environmental attitudes score of our participants is 3.92 (SE = 0.0113; 95% CI = 1–5), while the mean awareness is 3.06 (SE = 0.05; 95% CI = 1–5).

The central hypotheses described in our framework (Figure 1) were tested through econometric analysis. Following it, the first step is to assess the relationship between thermal comfort and cognitive control capacity. To do so, we calculated in two separate linear (i.e., OLS) regressions (Table 1, Column 1 and Column 2) with the average PET and WBGT of each participant during the Stroop tasks to predict their cognitive control capacity. Table 1 Column 1 and Column 2 display the results from the OLS estimations on the cognitive capacity using “Mean PET index” or “Mean WBGT index” as key explanatory variables, respectively.


TABLE 1 OLS regressions for the cognitive control capacity.

[image: Regression table showing the impact of various variables on cognitive control. Variables include Mean PET index, Mean WBGT index, Education, Age, Gender, Outdoor preference, Health status, and Sedentary activities. Significant negative effects are noted for Mean PET index and Sedentary activities, while positive effects are seen with Outdoor preference and Health status. Observations count 309, with R-squared values of 0.133 and 0.169 for columns (1) and (2), respectively. Standard errors are in parentheses, with significance levels indicated by asterisks. PET refers to Physiological Equivalent Temperature and WBGT to Wet Bulb Globe Temperature.]

In all regressions, we included demographic and socio-economic characteristics (i.e., education, age, gender and self-perceived health status) as well as lifestyle characteristics of our participants' (i.e., personal preference toward spending time outdoors and the type of activity they routinely engage in) as control variables. But before doing so, we tested for multi-collinearities. As the sociodemographic and lifestyle characteristics were weakly correlated [i.e., coefficients of Pearson's correlation were lower than 0.5 and highly significant (p < 0.05); see Supplementary material for full results], they were included as controls variables in our econometric analysis.

Our results from Column 1 and Column 2 in Table 1 show that the coefficients for the “Mean PET index” and “WBGT index” are negative and significant. This indicates that the higher the PET index or the WBGT index, respectively, the poorer the cognitive control capacity is among the participants. This result suggests that improving the outdoor thermal comfort has a positive effect on the cognitive capacity of older adults over 55 years old.

In Table 1 we also see that the coefficients for “Self-rated health status” and “Preference toward spending time outdoors” are positive and significant in all three regressions, suggesting that a higher self-rated health status and preference for spending time outdoors imply a better cognitive control capacity. We also see that the coefficients for “Age” and “Sedentary activities” are negative and significant, suggesting that the cognitive control capacity decreases with age, with the preference for sedentary activities (as opposed to physical activities).

Result 1: Degrading outdoor thermal comfort conditions affects cognitive control capacities in a negative way for older adults. Cognitive control capacities also tend to decrease with age, preference for sedentary activities and spending time outdoors.

So far, we have assessed our first hypothesis and provided evidence that thermal comfort affects cognitive control capacity. Now, and following our framework described in Figure 1, we want to assess the role of cognitive control capacity as a mediator of the relationships between attitudes toward the environment and awareness of the environmental problem on pro-environmental behaviors. Table 2 reports the results from the OLS estimations of “Pro-environmental behaviors” using “Attitudes toward the environment”, “Awareness of the environmental problem”, and “Cognitive control capacity” as key explanatory variables. Socio- demographic and lifestyle characteristics were included as control variables.


TABLE 2 OLS estimations for the impact of positive attitudes toward the environment or awareness of environmental problem on mean pro-environmental behaviors taking cognitive control capacities into account.

[image: A regression table with six models examining pro-environmental behaviors and various predictors like attitudes toward the environment, awareness of environmental problems, cognitive control, education, age, gender, preference for outdoor activities, self-rated health status, and sedentary activities. Notable findings include significant interactions and coefficients marked by asterisks indicating levels of statistical significance: one asterisk for p < 0.05, two for p < 0.01, and three for p < 0.001. Models show sample size (309) and R-squared values ranging from 0.091 to 0.260.]

Column 1 in Table 2 shows the effect of the interaction of attitudes toward urban heat mitigation and an increasing cognitive control capacity. The coefficient for “Attitudes toward the environment × Cognitive control” is positive and highly significant, suggesting that the interaction between these two variables predicts our participants' pro-environmental behavior (p = 0.002). The coefficient is statistically significant, explaining 9.8% of the variance in pro-environmental behaviors. The respective R-square value increased by 25.8% when incorporating the control variables into the model (see Column 3). This suggests that socio-demographic and lifestyle characteristics of the participants increased the fit of the model. However, it should be noted that even after adding these control variables, the interaction between attitudes toward urban heat mitigation and cognitive control remained a significant predictor of pro-environmental behavior (p = 0.005).

In Column 2 of Table 2, we map the interaction effect of climate change awareness and cognitive control capacities on pro-environmental behaviors. We see that the interaction variable “Awareness of the environmental problem × Cognitive control” is positive and highly significant, suggesting that the interaction between these two variables has a positive effect on the participants' pro-environmental behaviors (p = 0.000). In Column 4 of Table 2, we computed the same model but with the addition of the before mentioned control variables. The addition of the control variables increased the fitness of the model, raising the R-square from 10.9% to 22.5%. Again, the interaction terms are still significant (p = 0.000). Pearson's correlation tests to check whether “attitudes toward the environment”, “cognitive control capacity” as well as between “awareness of the environmental problem” and “Cognitive control capacity” correlate significantly. This is not the case (r = 0.0312; p = 0.153 and r = 0.0234; p = 0.152, respectively).

Result 2: Cognitive control capacity is a moderator between pro-environmental attitudes and awareness of an environmental problem on the one hand and pro-environmental behaviors on the other hand. The higher the cognitive control capacities, the closer the gap between attitudes and awareness on the one hand and pro-environmental behaviors on the other hand.

Giving a closer look to the control variables, we observe that “Education” and “Personal preference toward spending time outdoors” play a positive role on pro-environmental behavior, as the coefficients for these variables are positive and significant in Columns (3) and (4) of Table 2. “Female” participants are characterized by more pro-environmental behaviors than male participants. “Age” is significantly and negatively related to pro-environmental behaviors, which means that the older the participants, the less environmentally friendly they behave. For robustness check, we present the analyses without the interaction terms in Columns 5 and 6.

To test the validity of Result 2, we divided the cognitive control capacity into three groups: participants who fall under the 33rd percentile are assigned to the “low” level sub-group; those between the 33rd and 66th percentile to the “medium” level sub-group and those above the 66th percentile are assigned to the “high” level sub-group. We then estimate the interaction terms between the variables “Attitude toward the environment” and “awareness of the environmental problem”, and each of the cognitive control levels (i.e., low, medium and high). Our result confirms that the relationship between pro-environmental attitudes or awareness of the environmental problem and pro-environmental behaviors gets stronger with increasing cognitive control capacities of the participants (see Supplementary material for full results).



4 Discussion and recommendations

This study investigates into the role of thermal comfort and cognitive control capacities on pro-environmental behaviors. We do so by first providing evidence that low thermal comfort affects cognitive control, which at the same time is proved to be a significant moderator between pro-environmental attitudes and awareness and pro-environmental behaviors. In fact, we find that the level of cognitive control capacities moderates and strengthens the above-mentioned relationships helping to close both the attitudes-behavior gap and the awareness-behavior gap.

Our findings extend the results from Langenbach et al. (2020), who provided first evidence that cognitive control capacities may moderate the relationship between pro-environmental attitudes, environmental awareness and pro-environmental behaviors. In addition, it contributes to the emerging body of research on the role of cognitive resources in the study of the pro-environmental attitude-behavior gaps and awareness-behavior gaps. It is also important to highlight the role of socio-demographic and lifestyle characteristics of our sample as significant determinants of better cognitive control capacities and pro-environmental behaviors. Higher levels of education, being female and having personal preferences for spending time outdoors are positive and significant determinants of cognitive control capacity and pro-environmental behaviors, while increasing age and a preference for sedentary activities are negative determinants.

In spite of interesting and relevant insights from our analysis, some limitations must be acknowledged. Our study focused on the pro-environmental behavior of reducing air conditioning use, but it remains unknown if our results would also apply to other pro-environmental behaviors, especially those that are not directly related to heat or humidity conditions (e.g., plastic bag use, recycling or food waste). Another caveat is that we used self-report air conditioning usage, as well as self-reported pro-environmental attitudes and awareness. The reliance on self-reported data introduces potential biases, particularly social desirability and recall bias. Objective measures of air conditioning use would provide a more robust validation of our results.

Our study focused on older adults and thus the results may be different for other age groups of countries' populations, raising questions about whether similar cognitive mechanisms apply across different age groups. Our study was conducted in naturalistic outdoor settings, in which older adults typically engage in outdoor activities. This naturalistic outdoor setting, while enhancing ecological validity, limits the control over external factors such as environmental variability. Further studies offering a higher degree of control of the climatic conditions might be interesting.

Therefore, future research should investigate experimental designs with more controlled climatic conditions, objective behavioral tracking, and a broader range of population samples to strengthen the robustness and generalizability of our findings. Moreover, while our study emphasizes the crucial role of cognitive control capacities in linking thermal comfort to pro-environmental behaviors, future research should examine additional influencing factors, such as emotions and socio-cultural dynamics. Examining how these elements interact could offer deeper insights into overcoming the attitude-behavior and awareness-behavior gaps, ultimately informing more effective strategies for promoting sustainable actions.

The above-mentioned limitations notwithstanding, our study presents evidence that outdoor thermal conditions impact the cognitive control capacities of older adults, which—via the effects of pro-environmental attitudes and climate change awareness on pro-environmental behaviors—is relevant if behavioral changes are aimed at. Improving outdoor thermal comfort would strengthen cognitive control capacities of older adults and could enhance their pro-environmental behaviors. While mitigation measures could be implemented in cities to decrease the impacts of heat, it would be as important to promote individual heat adaptation and acclimatization in tropical countries. In this sense, initiatives that encourage older adults to become more physically active and spend more time outdoors could increase their heat resilience and wellbeing (Rodriguez and D'Alessandro, 2019) while strengthening their cognitive control and fostering sustainable actions like using less air conditioning.

Our findings are particularly timely and significant in light of the global aging population, including in tropical regions. With life expectancy rising, the number of older adults is set to increase dramatically, amplifying the importance of our research. Understanding that better outdoor thermal conditions may improve cognitive control capacities in older adults, while also bridging the pro-environmental attitudes-behavior gap and awareness-behavior gap, contributes to shape more sustainable policies. Cities and their initiatives to promote a more environmentally sustainable and carbon-neutral lifestyle would profit from such knowledge: improving thermal comfort conditions and promoting individual heat adaptation measures would foster the success of their efforts.
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In a rapidly evolving world, human agency serves as a driving force to shape a more sustainable future. The climate crisis is an example of how individuals must be proactive and take action to mitigate this environmental problem through three modes of agency advocated by Bandura: individual, proxy, and collective. This is even more relevant for adolescents, who will most suffer climate change consequences. However, instruments assessing adolescents’ agency modes toward climate change are still lacking. To address this gap, we present the development and validation of three theoretically based scales for assessing each mode of adolescents’ agency toward climate change (AGENTC2). The AGENTC2-Scales were developed based on a literature search, expert review, and consultation with a panel of adolescents. The AGENTC2-Scales were then empirically tested with 1,114 adolescents, and their psychometric properties were assessed, providing evidence of validity (i.e., content, structural, and convergent), measurement invariance (sex and school grade), internal consistency, and test–retest reliability. Data showed that the AGENTC2-Scales can be used to measure each mode of agency toward climate change and their properties validly and reliably. Further research is needed to extend the validation of the scales in other countries.
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1 Introduction

Among the problems that threaten sustainable living on our planet, climate change (CC) requires rapid action (United Nations, 2015; Waddock, 2013). Everyone must be called to take action to mitigate CC. Not disregarding the undeniable role of macro and political actions to mitigate CC, young people are relevant players in this process as they are more susceptible to the CC immediate and lifelong effects than adults (Bandura and Cherry, 2020; Sanson et al., 2019). In this context, there is a call to consider “young people as active agents and protagonists for change” (Sanson et al., 2019, p. 203). The construct of human agency by Bandura (2006b) fits this purpose. In this view, individuals can influence the course of their lives by acting in various modes; i.e., individually, collectively, or by influencing others (Bandura, 2006b). This agentic approach to action allows young people to extend the reach of their actions toward mitigating CC beyond their individual spheres of functioning. However, based on the literature review, no instrument purposefully developed to assess adolescents’ agency toward CC was found. Therefore, the present study intends to develop and validate new scales theoretically grounded on Bandura’s proposal for assessing adolescents’ agency modes toward CC.


1.1 Conceptualizing and connecting human agency with CC

Social cognitive theory follows an agentic perspective toward human psychosocial functioning, highlighting the human agency fundamental role in individuals’ self-development, adaptation, and change over time (Bandura, 2001). Human agency is defined as the human capability to intentionally influence one’s functioning and the course of life through one’s actions (Bandura, 2006b).

According to Bandura (2006b), this construct includes four core properties – intentionality, forethought, self-reactiveness, and self-reflectiveness. Nevertheless, in 2018, Bandura embedded the intentionality property in the agency construct (e.g., stating that “to be an agent is to intentionally produce certain effects by one’s actions”, p. 130) and described the human agency as subsuming three core properties (i.e., forethought, self-reactiveness, and self-reflectiveness). We followed Bandura’s (2018) understanding of human agency in this work. In forethought, individuals extend their agency in time, setting goals, designing action plans consistent with their goals, and anticipating the potentially achievable outcomes to foster their motivation (Bandura, 2006b, 2018). For example, individuals can proactively take steps to mitigate CC by anticipating the potential long-term consequences of their actions on the environment and future generations. In self-reactiveness, individuals activate their self-regulation processes (e.g., monitoring their CC mitigation behaviors and efforts, making adjustments in their plans while performing it, attributing themselves rewards or sanctions) to execute the pre-established action plans and ensure control over their behavior against their standards (Bandura, 2001, 2018). Finally, in self-reflectiveness, individuals reflect upon their behavior and evaluate their functioning (i.e., personal efficacy, values, and the meaning of their purposes, for example, CC mitigation). Through this metacognitive exercise, individuals examine their thoughts and actions and consider possible corrective adjustments (e.g., alternative strategies and pro-environmental behaviors) favoring the reach of their pursuits (Bandura, 2006b). In sum, according to Bandura’s theory of human agency, individuals are characterized as being simultaneously forethinkers, self-regulators, and self-examiners, which allows them to adopt an agentic approach in their lives (Bandura, 2018).

Moreover, these three core properties can be displayed through three modes of agency – individual, proxy, and collective (Bandura, 2006b, 2018). The individual mode includes actions and activities over which individuals exercise direct control (e.g., daily individual CC mitigation behaviors such as reducing consumption, unplugging electronic devices not in use, using public transportation, and adopting a vegetarian diet; Koskela and Paloniemi, 2023). However, actions addressing a complex environmental problem, such as CC relying exclusively on the individuals’ control, are limited. For example, individuals do not directly write the laws of the country or set the policies and practices followed in institutional contexts, such as in their workplaces or, in the case of adolescents, in their schools or home, where adults usually lead decisions.

All considered, contextual factors may favor or hinder individual agency. For example, using public instead of private transportation is only possible if these are available in the community; also, adopting a vegetarian diet may be difficult to sustain if vegetarian options are not part of the menu of restaurants, stores, and local markets (Koskela and Paloniemi, 2023). To overcome these contextual barriers, individuals can exercise their socially mediated proxy agency by “influencing others who have the resources, knowledge, and means to act on their behalf to obtain the outcomes they desire” (Bandura, 2018, p.131). In other words, individuals can act through better-equipped or positioned individuals to propose solutions favoring pro-environmental behaviors (e.g., reaching environmental institutions or politicians whose actions directly impact society). Furthermore, specific goals and purposes can only be achieved through group effort (e.g., activists’ actions to draw attention to the triggers of CC, which are rooted in human activity such as industrialized activities and low-efficient energy use, responsible for high emissions of greenhouse gasses). When working together with others and sharing common goals, individuals are likely to follow a multiagent model of agency termed collective agency (Bandura, 2018). In sum, while acting intentionally, individuals can exercise their agency: (i) on their own, (ii) through influencing people with knowledge and resources to act on their behalf when it is not in their power to do something, and (iii) merging their efforts with group efforts to achieve common major goals. This way, people could follow an ecological approach, increasing the impact of their direct and indirect actions on diverse situations as CC mitigation.



1.2 Literature review: instruments assessing agency

The current study followed the literature recommendations to develop scales assessing agency (e.g., Boateng et al., 2018; Tsang et al., 2017; Yasir, 2016). Concretely, we followed two steps before building our instruments: (i) an analysis of the literature on the instruments addressing human agency and (ii) instruments on human agency in the domain of CC.

Firstly, we conducted a thorough literature review on human agency. Searches using several combinations of the terms “agency,” “human agency” and “agentic” AND “instrument,” “questionnaire,” “survey,” and “scale” were run on Scopus, Web of Science (all databases), ERIC, and Google Scholar databases. As a relevant finding of these systematic searches, we highlight the recent literature review of Cavazzoni et al. (2022), addressing the quantitative instruments used to measure children, youth, and adults’ agency across distinct contexts. The detailed analysis of the 34 included studies revealed that researchers grounded their studies on diverse theoretical frameworks for agency, which translated into the adoption of distinct definitions and instruments.

Despite distinct and focusing context-related specificities, the definitions of human agency cited in this pool of papers seem to share core characteristics, such as intentionality, choice, and control over actions (e.g., Bryan et al., 2014; Zimmerman et al., 2019). Moreover, most of the instruments used in the sampled studies were built to assess diverse forms of agency (e.g., critical, political, sexual, and moral agency). Still, instruments built originally to assess other constructs were also used to measure agency within the targeted populations (e.g., Snyder’s Children Hope Scale, Poteat et al., 2018; Adolescent Autonomy Questionnaire, Beyers et al., 2003; Racial Cohesion Questionnaire targeting adults, Bentley-Edwards, 2014). The analysis of the retrieved studies also revealed that, in some studies, other constructs were added to the realm of the agency construct, such as self-efficacy (Alkire, 2005; Hitlin and Elder, 2006), autonomy (Beyers et al., 2003), and empowerment (e.g., Alkire, 2005; Berhane et al., 2019; Pick et al., 2007; Zimmerman et al., 2019). Moreover, it was also possible to identify different operationalizations of the agency construct, for example, as a single variable (e.g., Lautamo et al., 2020; Steckermeier, 2019) or as a composite variable comprising varied dimensions (e.g., dispositional, motivational, and positional, see Vaughn et al., 2020b), domains (e.g., voice, behavioral control, decision making, see Zimmerman et al., 2019) or indicators (e.g., perceived control, sense of self-efficacy, work ethic, see Burger and Walk, 2016).

The overall results of our database searches revealed a similar trend to that reported in Cavazzoni et al.’s (2022) review. Research on agency has extended its reach to cover several populations (i.e., children, youth, and adults), contexts (e.g., educational, moral, and political), and domains (e.g., career development, e.g., Betz and Hackett, 1987; Yoon, 2011, 2019; exercise and physical activity, e.g., Blacksher and Lovasi, 2012; Shields and Brawley, 2006; education, e.g., Jääskelä et al., 2016; Luo et al., 2019; Stenalt and Lassesen, 2022; Vaughn et al., 2020a; environment, e.g., Kachel, 2012; Oliveira et al., 2015). This extended coverage of the agency construct may help explain the high variability found in the definitions and instruments used.

Interestingly, just four studies in our pool were framed on Bandura’s (2006b, 2018) Human Agency Theory: an unpublished doctoral dissertation (Yoon, 2011), one empirical paper (Code, 2020), and two theoretical papers (Koskela and Paloniemi, 2023; Yoon, 2019). For the purposes of the current research, we describe briefly the two empirical studies and discuss the contributions of the two theoretical papers for the CC domain. Yoon (2011) developed the “Assessment of Human Agency” (AHA) instrument. The AHA was purposefully designed to assess the agency of adults (i.e., employees and traditional and non-traditional university students), addressing aspects related to individual performance in an organizational context. Centered on the career domain, this instrument allows mapping individuals’ strengths and deficiencies among the four core properties of individual agency mode (Bandura, 2006b).

Code (2020) developed the Agency for Learning Questionnaire (AFLQ) to assess multidimensional aspects of undergraduate students’ agency in learning. This author grouped the items (extracted from other instruments) according to the four agency core properties (Bandura, 2001, 2006b): intentionality, forethought, self-reactiveness [self-regulation], and self-reflectiveness [self-efficacy] (see Code, 2020, pp. 2–3). Notwithstanding, the selected items do not represent all aspects included in Bandura’s definitions of the core properties. Both instruments (i.e., AHA instrument, Yoon, 2011, and AFLQ, Code, 2020) are exclusively centered on the individual agency mode.

The two theoretical papers focused on exploring and providing relevant inputs on human resource development (Yoon, 2019) and conceptualizing human agency for sustainability transformations (Koskela and Paloniemi, 2023). For example, the article of Koskela and Paloniemi (2023) contributes to bridging Bandura’s theory with the CC domain, which was particularly relevant for our purposes.

Secondly, we narrowed our focus while searching for literature addressing instruments on human agency in the domain of CC or environment. The searches combined “climate change,” “human agency” and “measures,” “scales” or “instruments.” The sample of studies found was not grounded on Bandura’s theoretical framework and followed a qualitative approach (e.g., Blanchet-Cohen, 2008; Muller and Wood, 2021; Oliveira et al., 2015; Toivonen, 2022; Trott, 2020). In sum, based on the results of the searches performed, no instrument theoretically grounded in Bandura’s theory has been developed to assess adolescents’ three modes of agency toward CC.



1.3 Why studying adolescents’ agency toward CC?

Adolescence is a pivotal developmental phase marked by the development of the capacity to think beyond concrete phenomena – abstract thinking (e.g., Byrnes, 2006), and an emerging connection and interest in global society problems (as CC) in a more independent way (Holden, 2007). Throughout this developmental period, parallel to the development of diverse skills (e.g., emotional intelligence, critical thinking, socialization, self-regulation; Zimmer-Gembeck and Collins, 2006), adolescents acquire a growing understanding of the causes and consequences of broader sustainability and environmental issues while gradually experiencing autonomy in decision-making and behavior (Ojala and Lakew, 2017). The capacity to think abstractly and critically about certain phenomena allows them to make choices that fit their understanding of their world and their role as citizens (Zimmer-Gembeck and Collins, 2006). As citizens of today and of the future, adolescents can either exacerbate CC through unsustainable lifestyles or contribute to its solution by adopting climate-friendly habits, influencing their parents and peers, and advocating for change through political protest (O’Brien et al., 2018; Metzger et al., 2010). However, despite facing the same developmental changes, not all adolescents are in the same stage of development (e.g., middle and high school students), and neither exhibit the same level of knowledge, concern, and willingness to act in similar areas as in the case of CC. Literature indicates that although adolescents’ CC knowledge tends to increase with age, their willingness to act on this problem tends to decrease (Lee et al., 2020). On the other hand, some authors (e.g., Olsson and Gericke, 2016; Otto et al., 2019) describe a fluctuation in environmental concern across adolescence that tends to be reestablished during emerging adulthood, called “adolescence dip.” For these reasons, adolescence could be a critical period since it could influence climate engagement in adulthood (Nash et al., 2020).



1.4 Study purpose and hypotheses

To address CC, it is necessary to mitigate its triggers rooted in human activity responsible for high greenhouse gas emissions (Swim et al., 2011). As Sanson et al. (2019) alert, this is even more relevant for adolescents, given that younger generations will suffer the most consequences of CC. However, not all adolescents are equally interested and committed to combat CC. Importantly, despite the increasing development of several skills throughout adolescence (e.g., Byrnes, 2006; Zimmer-Gembeck and Collins, 2006), empirical data also indicate that this period can also be marked by a decrease in CC action (e.g., Lee et al., 2020; Otto et al., 2019). These data from developmental and environmental psychology literature underscores the need to study adolescents in different stages of development, in the case of the current study, early and middle adolescence, that approximately correspond to middle and high school levels.

Bandura’s theory of human agency provides insights into the CC problem by emphasizing the role of the individual, proxy, and collective agency in initiating and sustaining action and behavior change (Bandura, 2018). These agency modes are particularly relevant when dealing with CC, where solutions must be built at individual and collective levels and by influencing people with knowledge, resources, or decisive power (Bandura and Cherry, 2020; Ojala, 2012; Sanson et al., 2019).

However, to the best of our knowledge, literature lacks an instrument (i) assessing the three agency modes proposed by Bandura, (ii) targeting adolescents, or (iii) focusing on the CC mitigation domain. To fill this three-fold gap, the current research aims to develop and validate new theoretically based scales for the Portuguese population, assessing adolescents’ individual, proxy, and collective modes of agency toward CC. Following research guidelines for developing and validating instruments (e.g., Boateng et al., 2018; Tsang et al., 2017), we conducted the current study in two phases: (i) development process of the AGENcy Toward Climate Change Scales (AGENTC2-S), and (ii) AGENTC2-Scales testing and validation.

These new scales for assessing the three agency modes are grounded in the human agency theory by Bandura (2018); therefore, we hypothesized that each scale has a multidimensional and multilevel structure (H1). Specifically, the first level encompasses three factors, i.e., properties (i.e., forethought, self-reactiveness, and self-reflectiveness), loading on a second-order factorial level, the overall agency mode (i.e., individual, proxy, or collective, see Figure 1 – Model 3a-c). Secondly, we hypothesized the invariance of this model across sex (H2) and grade level (H3), i.e., the model measures the same construct for girls and boys, as well as for adolescents in different grade levels (7th–12th).
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FIGURE 1
 Hypothetical models for testing the structural validity of each agency mode scale.


Concerning reliability, we hypothesized that individual (H4), proxy (H5), and collective (H6) agency mode scales show high internal consistency at the first and second waves of data collection (Cronbach’s alpha ≥ 0.70). We also hypothesized high correlations between both data collection waves for each agency mode scale, indicating test–retest reliability (H7–H9).

To confirm convergent validity, we tested whether agency modes were positively and statistically correlated to theoretically related variables. For example, prior research has shown positive relationships between pro-environmental or CC mitigation behaviors and CC self-efficacy (e.g., Busch et al., 2019), nature connectedness (Krettenauer et al., 2020), and CC concern (e.g., Lawson et al., 2019). Hence, we hypothesized that adolescents’ agency modes toward CC are positively related to CC mitigation behaviors (H10), self-efficacy to combat CC (H11), nature connectedness (H12), and CC concern (H13).

Lastly, literature on learning agency, self-regulation, and pro-environmental or CC mitigation behaviors shows similar results. Girls tend to report more agentic and self-regulation learning behaviors (e.g., Martins et al., 2024; Motie et al., 2012; Zimmerman and Martinez-Pons, 1990) and pro-environmental or CC mitigation behaviors (e.g., Fielding and Head, 2012; Zeeshan et al., 2021) than boys. In addition, throughout adolescence, pro-environmental or CC mitigation behaviors tend to decline (e.g., Krettenauer, 2017; Negev et al., 2008). All considered, we hypothesized that girls report higher agency toward CC than boys (H14), and agency scores decline throughout schooling (H15).




2 Materials and methods

This study was conducted under the project “There’s no planet B” (PTDC/PSI-GER/1892/2021). Ethical approval for the project studies was obtained from the Ethics Committee for Research in Social and Human Sciences (CEICSH 112/2022) and the Data Protection Officer of the University of Minho. The Portuguese Ministry of Education also provided permission to collect data in schools nationwide.


2.1 Phase 1: Development process of the AGENTC2-S

To build questionnaires to assess adolescents’ modes of agency toward CC, first, we developed an item pool based on the AHA instrument (Yoon, 2011) that is grounded on Bandura’s conceptualization of agency. These efforts were preceded by an extensive literature review on the human agency construct (see section “Literature review: Instruments assessing agency”). In the following step, to improve item formulation and calculate content validity, we asked experts on human agency to evaluate the quality of a pool of items (i.e., the AGENTC2-S items) selected to measure the three modes of agency. Finally, we interviewed adolescents from middle and high school levels to learn their understanding of the AGENTC2-S items. All these processes are detailed below.


2.1.1 Questionnaire construction: item generation, formulation, and response format

Following a deductive approach, we used Bandura’s (2018) theory to conceptualize agency, its three core properties, and modes. Next, we examined the literature on the CC topic to define the construct and understand how it could be associated with the agency construct and assessed as the principal domain. In the following step, we examined the existing instruments assessing agency. As previously mentioned, we found two instruments assessing human agency grounded on Bandura’s theory (i.e., AHA and AFQL). These instruments were developed to map adults’ agency in relation to their professional careers (i.e., AHA; Yoon, 2011) and learning (i.e., AFQL; Code, 2020). Importantly, these instruments approached human agency as a result of individual efforts exclusively. For these reasons, these instruments do not fit our purposes. However, after analyzing the items of both instruments regarding representativeness and fit with Bandura’s conceptualization of the three core properties, we selected the AHA instrument as a starting point for developing the AGENTC2-Scales. Preliminary AGENTC2-S items for the individual agency mode were built upon the AHA initial version and adapted to the CC domain. The content and fitness of each item were then analyzed against Bandura’s definition of each agency property. The items for the proxy and collective modes of agency were built from those of the individual mode. This procedure allowed us to maintain the content representative of each core property and just change the item formulation to match proxy and collective modes. It is important to note that the AHA items were formulated in English. However, considering that our target population is Portuguese adolescents, the new items of the AGENTC2-S for each mode were formulated in Portuguese language and adapted to their comprehension level.

During this stage, while formulating the items, efforts were made to keep them simple, straightforward, and written in language familiar to the intended respondents, as recommended by literature (Boateng et al., 2018; Tsang et al., 2017). Moreover, acknowledging that adolescents are usually not interested in completing long questionnaires with complex items, whenever possible, details considered unnecessary (e.g., concrete examples of individual, proxy, or collective actions toward CC) were avoided or removed. Further, following Krosnick and Presser’s (2009) recommendation, we opted to provide respondents with a Likert-type response scale with five points to ensure sufficient variance among the intended respondents. Moreover, we decided to use frequency descriptions (i.e., 1 = never to 5 = always) to facilitate adolescents’ identification and quantification of their self-perceived thoughts and behaviors.

Following Schinka et al.’s (2012) recommendation that the initial pool of items should be at least twice as long as the desired instrument to provide a necessary margin to select an optimal combination of items, the first version of the AGENTC2-Scales comprised 69 items in total (23 items per each mode). However, in the subsequent revision of the items, we eliminated 18 due to their overlap with other items. Therefore, the preliminary version of the AGENTC2-S comprised 51 items symmetrically distributed among the three agency modes (i.e., 17 items per mode). Moreover, within each mode, items were distributed according to the three core properties of agency (i.e., forethought [5 items], self-reactiveness [5 items], and self-reflectiveness [7 items]). To maintain representativeness and consistency across agency properties and modes, the research team’s decisions regarding including or excluding new items in one mode were extended to the other modes. This procedure was applied in all phases of the instrument development (e.g., while accommodating the inputs provided during the evaluation performed by experts and target population judges).



2.1.2 Evaluation by expert judges

Researchers with experience in instrument development and validation recommend recruiting 3–10 experts on the topic as independent judges (e.g., Lynn, 1986; Polit et al., 2007). In this study, we invited five researchers with expertise in human agency and instrument development to review the AGENTC2-Scales independently. Hence, a detailed package with information and materials (see Elangovan and Sundaravel, 2021; Yusoff, 2019) was sent to the five expert judges via email. This package included (i) an invitation letter, (ii) a description of the purpose of the AGENTC2-Scales, (iii) a literature review on the human agency construct, (iv) an explanation of the expectations for the expert judges’ work, (v) the full version of the AGENTC2-Scales paired with the fulfillment instructions, types of action explanations (i.e., individual, proxy, and collective) and respective examples, as intended to be presented to adolescents, (vi) the instructions to evaluate the items (e.g., check whether items wording are simple, accurate or the content can be perceived as offensive or biased by respondents) and (vii) the instructions for assessing content validity (together with an online content validation form to calculate the Content Validity Index, CVI).

In sum, the expert judges were requested to critically review all the items and identify (mis)matches with the definitions of the corresponding modes and properties of agency on the CC domain. This process resulted in minor changes, such as rewording or clarifying a few items. For example, the verb “I anticipate possible consequences…” was signaled by some experts as potentially difficult to understand by adolescents, so, as suggested, we changed the item to “I think about possible consequences….” Also, in some items where examples of actions were provided, experts suggested removing them to avoid confusion or biased answers. Finally, the experts rated all items regarding their (i) relevance, (ii) clarity, (iii) simplicity, and (iv) ambiguity on a four-point scale (e.g., 1 – “Irrelevant” to 4 – “Very relevant”) considering the property and mode of agency the items were supposed to assess. This allowed us to calculate the CVI of the AGENTC2-S.

Overall, the instrument showed an appropriate level of content validity. The item-level CVI of the three agency modes ranged between 0.80 and 1.00, and the scale-level CVI of the three agency modes ranged between 0.92 and 1.00, which indicates excellent content validity scores (see Lynn, 1986; Polit and Beck, 2006; Polit et al., 2007). The CVI of the instrument using the universal agreement approach ranged between 0.71 and 1.00 for each agency mode. These data indicate that the adolescents’ agency modes toward CC seem to be comprehensively sampled by the items of the AGENTC2-S.



2.1.3 Evaluation by target population judges

After the expert assessment, the research team contacted through email five schools near the University to recruit students for a cognitive interview (Boateng et al., 2018). The school principals resent the invitation (containing the informed consent attached) to the students’ parents or guardians. Ten parents or guardians responded positively, however one student did not provide assent. Therefore, the preliminary version of the AGENTC2-S was administered to nine adolescents (ages from 12 to 17 years old) in person or through a Zoom meeting. In this individual meeting, which consisted of a spoken reflection, items were presented in two ways: (i) organized per mode (i.e., first, all items of the individual mode followed by the items of the proxy mode; and then the items of the collective mode) and (ii) organized in a table comprising the items of the three modes numbered and presented in three columns in parallel (see Supplementary Table S1). Adolescents were asked to select the presentation approach more likely to favor the fulfillment of the scales and justify their options. All adolescents selected the latter presentation approach. The main reasons were twofold: the visual aspect and the lower effort required to fulfill the equivalent items for three modes in the same row. Moreover, the nine adolescents were asked to think aloud while completing the questionnaire and explain their understanding of the individual items. While reading the items, adolescents were asked to identify words that they did not know or comprehend and explain in their own words their understanding of items or of specific words previously identified as potentially problematic by the research team (e.g., “strategies,” “plan” “collective actions”). The feedback retrieved from this pilot led to the exclusion of overlapping items or of those that, due to their theoretical similarity, triggered similar responses across respondents (i.e., low variability). Overall, 15 items (i.e., five per agency mode) were removed from the pool of the AGENTC2-S items.

The final version of the AGENTC2-S comprised 36 items symmetrically distributed within the three agency modes and core properties (i.e., 12 items per agency mode, each with four items for every property). To avoid the participants’ perception of item repetition, the items were alternated (i.e., item 1 of forethought was followed by the first item of the self-reactiveness and self-reflectiveness properties, respectively; see Supplementary Table S2).




2.2 Phase 2: AGENTC2-scales testing and validation

After concluding the developmental process, we tested and validated the AGENTC2-S. Specifically, as we aimed to test a clear, theoretically driven factor structure of the construct of human agency applied to the CC domain, we assessed the scale’s factor structure using a confirmatory factor analysis (CFA). We also assessed the measurement invariance, reliability, and convergent validity of the scales.


2.2.1 Participants and procedure

The guidelines for estimating the sample size needed for instrument validation vary (Tsang et al., 2017). Overall, 300 respondents are considered good-, 500 are very good-, and more than 1,000 are an excellent sample size (Comfrey and Lee, 1992). To recruit the participating adolescents, the principal investigator sent an invitation email to schools nationwide. After acceptance, in accordance with the Declaration of Helsinki, written informed consent (i.e., study goals, procedure) was provided to the parents or guardians of the participating students. All participants were informed about their voluntary participation and data confidentiality.

Participants were 1,114 adolescents from the middle (n = 722) and high school (n = 392) levels, aged between 11 and 19 (M = 12.98; SD = 1.01) and between 13 and 19, (M = 15.83; SD = 0.88) respectively. Among middle schoolers (50.0% female), 266 were enrolled in the 7th grade, 210 in the 8th grade, and 246 in the 9th grade. Among high schoolers (59.4% female), 119 were enrolled in the 10th grade, 200 in the 11th grade, and 73 in the 12th grade. Participants were students of 13 schools from distinct parts of the country (i.e., nine schools from the North, two from the Center, and two from the South). All respondents reported that CC was addressed at least in one school subject at some point in their academic path, and 2.8% reported having already participated in a school climate strike or protest. Most participants (91.0%) reported Portugal as their place of birth.

Data were collected in two waves with a three-week interval (i.e., T1 and T2, between October and December 2023). The questionnaire was delivered to participants in person during the student’s school schedule. The questionnaire comprised the AGENTC2-Scales and additional scales to examine convergent validity. To prevent overloading the participants, at T1, one group filled out version A (i.e., self-efficacy), and another filled out version B (i.e., nature connectedness and CC concern). At T2, all participants filled out the same scale (i.e., CC mitigation behaviors).

To gather information concerning students’ understanding of the agency modes items, at T1, students were provided with an “I do not understand” option on every item of the questionnaire. Following Wang et al. (2014), if more than 1% of the participants chose this option in the same item, the item would be revised for the T2. No participants selected this option, corroborating the feedback provided by the target population judges.



2.2.2 Measures

The participants were asked about sociodemographic data (e.g., sex, age, place of birth), the school subjects addressing climate change, and their participation in school climate strikes or protests. Then, multi-item scales, briefly described hereafter, were delivered to participants.


2.2.2.1 AGENcy Toward Climate Change Scales (AGENTC2-S)

Three 12-item scales were developed to assess adolescents’ individual, socially mediated by proxy, and collective agency toward CC. In total, participants responded to 36 agency items (see English and Portuguese Versions, Supplementary Tables S2, S3) on a five-point Likert scale ranging from “never” (1) to “always” (5). Psychometric properties are provided in the results section.



2.2.2.2 CC mitigation behaviors

According to the United Nations Environment Programme [UNEP] (2020, 2022), behaviors to mitigate CC should address: (i) energy, (ii) agriculture, food, and waste, (iii) building and cities, (iv) nature-based solutions, (v) industry (e.g., reduce, reuse, repair and recycle), and (vi) transport sectors. Grounding on the literature review and the United Nations Environment Programme [UNEP] (2020, 2022), we build a 13-item scale targeting CC mitigation behaviors in the sectors adolescents may have more control and autonomy. Sectors selected were as follows: energy (e.g., “I turn off the lights when I leave a room”), agriculture, food, and waste (e.g., “I choose to do more vegetarian meals”), industry (e.g., “I recycle paper/cardboard, plastics/metal, and glass wherever I am”), and transport (e.g., “I walk or cycle instead of using a car”). The items were scored on a five-point Likert scale ranging from “never” (1) to “always” (5). In this study, Cronbach’s alpha was 0.74.



2.2.2.3 Self-efficacy to combat CC

Adolescents’ self-efficacy beliefs to combat CC was assessed through a nine-item scale querying their confidence level to mitigate CC. According to Bandura (1989), p. 1175, self-efficacy refers to “people’s beliefs about their capabilities to exercise control over events that affect their lives”. Grounding on this definition of self-efficacy, and following Bandura’s guide to constructing self-efficacy scales (Bandura, 2006a), we selected and adapted nine items from instruments used to assess self-efficacy beliefs in environmental and CC domains (i.e., Kolenatý et al., 2022; Moser and Seebauer, 2022; Muroi and Bertone, 2019; Sarrasin et al., 2022). Moreover, the response scale was adapted to allow adolescents to rate their confidence level to mitigate CC and minimize response bias. Hence, each item begins with the phrase “How confident are you that you can …” and is completed with statements such as “… do something to help reduce climate change” or “…suggest how your school could help reduce climate change” or “combat climate change together with your family, school and community.” Adolescents answered on a five-point Likert scale ranging from “not confident at all” (1) to “Very confident” (5). Cronbach’s alpha was 0.91 (T1 and T2).



2.2.2.4 Nature connectedness

To assess adolescents’ connectedness with the natural environment, we adapted the Schultz (2002) scale, Inclusion with Nature in Self. This is a visual measure comprised of seven pairs of overlapping circles (i.e., “Self” and “Nature”) with growing levels of intersection. For the purpose of this study, we highlighted the intersection area of the circles (a familiar concept to adolescents from mathematics classes) to facilitate adolescents’ comprehension of the response options. The larger the intersection area, the higher the nature connectedness. Participants were asked to select the pair of overlapping circles representing the level of intersection that best describes their connectedness with nature.



2.2.2.5 CC concern

To assess adolescents’ CC concern, we used the item “How worried are you about climate change?” from the work of Lawson et al. (2019). To provide adolescents with a graphical perspective regarding the CC concern, response options, ranging from “not at all worried” (1) to “very worried” (5), were embedded in a thermometer image (see Supplementary Figure S1).




2.2.3 Data analysis

The data were analyzed in several stages. Initially, we examined the descriptive statistics and the correlation matrix. A few missing values (3.18%) were found, and the maximum likelihood procedure was followed to complete the information.

As the developed scales are theoretically driven, CFA is the most appropriate and robust analysis to test the hypothesized structure (see Lambert and Newman, 2023) of human agency modes and properties proposed by Bandura (2018). The analyses were conducted using the AMOS software to study our first two goals (multidimensional and multilevel structure and invariance across sex and school level). For each of the three agency modes, three models were fit. A total of nine models examined the latent structure of the three scales. For each of the three agency modes, three models were fit as follows: a single-factor model (a single general factor explained the 12 items) – model 1- (see Figure 1 – Model 1a–c), a model of three first-order factors -model 2- (see Figure 1 – Model 2a–c) (the three agency proprieties: forethought, self-reactiveness, and self-reflectiveness), and a two-level factorial model -model 3- (see Figure 1 – Model 3a–c) (the three-factor model [proprieties] plus a general factor at the second factorial level [agency mode]).

Confirmatory factor analysis results were evaluated with the following model fit indexes: Chi-square, AGFI, TLI, CFI, SRMR, and RMSEA. There is evidence of a good fit when χ2 has p > 0.05, AGFI and TLI ≥ 0.90, CFI ≥ 0.95, RMR and RMSEA ≤ 0.06. The selection of the best structural model is made based on the AIC and BIC statistics (the best-fit model is that with the lower AIC and BIC values). According to Cheung and Rensvold (2002), data show invariance across sex and school grade when ΔCFI ≤ 0.01 and ΔRMSEA ≤ 0.015. The reliability of the scales was estimated using α and ω and interpreted according to Watkins (2017).

Regarding the convergent validity, correlation coefficients were run with SPSS.27. Note that the missing values were not replaced in the study of the relationship between the three scales and the related variables (i.e., CC mitigation behaviors, self-efficacy toward CC, nature connectedness, and CC concern). Finally, two MANOVAs were run to compare boys and girls and school levels in the three modes of agency. The effect size of the variance analyses was assessed by the χ2 (small effect: η2 = 0.01; medium effect: η2 = 0.059; large effect: η2 = 0.138).





3 Results


3.1 Structural validity

Tables 1–3 show correlation coefficient data between the items of each agency mode. Table 4 presents the fit results of the factor models of the three agency modes (individual, proxy, and collective), and Table 5 presents the Standardized Regression Weights. Data show that the unifactor model has a limited and poorer fit than the other two models. All statistics show that models 2 and 3 present a better fit, including the AIC and BIC scores (individual agency: ΔAIC = 180.36, p < 0.001; ΔBIC = 165.31, p < 0.001; proxy agency: ΔAIC = 224.68, p < 0.001; ΔBIC = 209.63, p < 0.001; collective agency: ΔAIC = 677.30, p < 0.001; ΔBIC = 662.25, p < 0.001), which show an optimal and similar fit for the three agency modes. Therefore, models 2 and 3 are equally suitable to represent the factor structure of the scales for each agency mode.



TABLE 1 Pearson’s correlations between items of the individual agency mode [95% CI].
[image: Correlation matrix displaying relationships among individual agency items (I1 to I12). Each cell shows a correlation coefficient, confidence interval, and significance level, marked with asterisks for significance at p < 0.001. Cells on the diagonal are blank, as they represent self-correlation.]



TABLE 2 Pearson’s correlations between items of the proxy agency mode [95% CI].
[image: Correlation matrix displaying relationships between proxy agency items I1 to I12. Each cell contains correlation coefficients with confidence intervals in brackets. Significant correlations are marked with asterisks, indicating levels of statistical significance (p < 0.001).]



TABLE 3 Pearson’s correlations between items of the collective agency mode [95% CI].
[image: Correlation matrix for "Colective Agency Items" labeled I1 to I12. The table shows correlation coefficients with confidence intervals in brackets. Significance levels are indicated by asterisks, with three asterisks denoting p < 0.001.]



TABLE 4 Model fit data of the three CFA models.
[image: Table comparing three models (Unifactorial, Three-factors, Multifactorial/multilevel) across Individual, Proxy, and Collective agency categories. Includes fit indices such as chi-square, degrees of freedom, AGFI, TLI, CFI, RMR, RMSEA, AIC, and BIC. Results indicate model fit discrepancies, with specific model indicators improving fit across different categories.]



TABLE 5 Standardized regression weights.
[image: A table with three sections: Individual agency, Proxy agency, and Collective agency. Each section shows columns: Estimate, S.E., C.R., and p. Various items are listed, such as Agency to Forethought and Self-Reflectiveness to Item 12, with corresponding statistical values. Significant levels are marked with p-values, many less than 0.001. Items show different correlations and significance across the agency categories.]



3.2 Measurement invariance across sex and grade level

To study the invariance by sex and grade level, we used the two-factorial level model as the reference model because model 3 is more complete and presents a similar fit to model 2. The invariance by sex and grade level was examined for each agency mode (individual, proxy, and collective agency).

The sex invariance analysis of individual agency indicates that the fit of the base model is good [χ2(102) = 289.66, p < 0.05; TLI = 0.970; CFI = 0.977; RMR = 0.030; RMSEA = 0.041]. Acknowledging this finding, invariance was analyzed considering the (i) factorial weights (measurement weights) (ΔCFI = 0.000, ΔRMSEA = 0.002), (ii) structural weights (ΔCFI = 0.000, ΔRMSEA = 0.000), (iii) Structural model (structural covariances) (ΔCFI = 0.000, ΔRMSEA = 0.000), (iv) structural residuals (ΔCFI = 0.000, ΔRMSEA = 0.001), and (v) residuals of the measurements (measurement residuals) (ΔCFI = 0.006, ΔRMSEA = 0.002). Considering the sex invariance of proxy agency, data indicate that the base model fit is good [χ2(102) = 277.27, p < 0.05; TLI = 0.975; CFI = 0.981; RMR = 0.026; RMSEA = 0.039]. Invariance was analyzed considering the (i) factorial weights (measurement weights) (ΔCFI = 0.000, ΔRMSEA = 0.001), (ii) structural weights (ΔCFI = 0.000, ΔRMSEA = 0.001), (iii) Covariances of the structural model (structural covariances) (ΔCFI = 0.000, ΔRMSEA = 0.000), (iv) structural residuals (ΔCFI = 0.001, ΔRMSEA = 0.001), and (v) residuals of the measurements (measurement residuals) (ΔCFI = 0.001, ΔRMSEA = 0.001). Finally, we analyzed the sex invariance of collective agency. Data indicate that the fit of the base model is good [χ2(102) = 379.99, p < 0.05; TLI = 0.968; CFI = 0.976; RMR = 0.033; RMSEA = 0.050]. Consistently, invariance was studied while considering the (i) factorial weights (measurement weights) (ΔCFI = 0.001, ΔRMSEA = 0.002), (ii) structural weights (ΔCFI = 0.000, ΔRMSEA = 0.001), (iii) Covariances of the structural model (structural covariances) (ΔCFI = 0.000, ΔRMSEA = 0.000), (iv) structural residuals (ΔCFI = 0.001, ΔRMSEA = 0.000), and (v) measurements (measurement residuals) (ΔCFI = 0.001, ΔRMSEA = 0.001). Current results indicate that considering the five dimensions assessed (i.e., measurement weights, structural weights, covariances of the structural model, structural residuals, and measurement residuals) and the three agency modes (i.e., individual, proxy, and collective) data are invariant across sex.

We analyzed the grade level invariance of individual agency; data indicate that the fit of the base model is good [χ2(102) = 298.19, p < 0.05; TLI = 0.970; CFI = 0.977; RMR = 0.030; RMSEA = 0.042]. Grounded on this finding, invariance was analyzed considering the (i) factor weights (measurement weights) (ΔCFI = 0.001, ΔRMSEA = 0.002), (ii) structural weights – that is, the relationship between the factor general (mode) and the three first-order factors (proprieties) – (ΔCFI = 0.000, ΔRMSEA = 0.000), the (iii) Covariances of the structural model (ΔCFI = 0.000, ΔRMSEA = 0.001), (iv) structural residuals (ΔCFI = 0.000, ΔRMSEA = 0.001), and the (v) residuals of the measurements (measurement residuals) (ΔCFI = 0.002, ΔRMSEA = 0.001). Regarding the grade level invariance of proxy agency, data also indicate that the fit of the base model is good [χ2(102) = 256.63, p < 0.05; TLI = 0.979; CFI = 0.983; RMR = 0.024; RMSEA = 0.037]. Therefore, we analyzed invariance regarding the (i) factorial weights (measurement weights) (ΔCFI = 0.001, ΔRMSEA = 0.002), (ii) structural weights (ΔCFI = 0.000, ΔRMSEA = 0.000), (iii) Covariances of the structural model (structural covariances) (ΔCFI = 0.000, ΔRMSEA = 0.000), (iv) structural residuals (ΔCFI = 0.000, ΔRMSEA = 0.001), and (v) residuals of the measurements (measurement residuals) (ΔCFI = 0.006, ΔRMSEA = 0.004). Finally, considering the grade level invariance of collective agency, data indicate that the base model fit is good [χ2(102) = 372.10, p < 0.05; TLI = 0.969; CFI = 0.976; RMR = 0.034; RMSEA = 0.049]. Regarding the individual and proxy agency modes, invariance was analyzed considering the (i) factorial weights (measurement weights) (ΔCFI = 0.000, ΔRMSEA = 0.002), (ii) structural weights (ΔCFI = 0.000, ΔRMSEA = 0.000), (iii) Covariances of the structural model (structural covariances) (ΔCFI = 0.000, ΔRMSEA = 0.000), (iv) structural residuals (ΔCFI = 0.000, ΔRMSEA = 0.001), and (v) residuals of the measurements (measurement residuals) (ΔCFI = 0.008, ΔRMSEA = 0.004).

Current results indicate that data are invariant across grade levels when considering the five dimensions assessed (i.e., measurement weights, structural weights, covariances of the structural model, structural residuals, and measurement residuals) and the three agency modes (i.e., individual, proxy, and collective).



3.3 Reliability

The reliability of the three agency modes is very good: individual agency (αT1 = 0.94; ωT1 = 0.95; αT2 = 0.95; ωT2 = 0.95); proxy agency (αT1 = 0.94; ωT1 = 0.94; αT2 = 0.96; ωT2 = 0.96) and collective agency (αT1 = 0.95; ωT1 = 0.95; αT2 = 0.97; ωT2 = 0.97). In addition, Pearson’s correlation coefficients between T1 and T2 for individual (0.768), proxy (0.738), and collective (0.767) agency modes are high.



3.4 Convergent validity

As Table 6 shows, the bold correlations for the three agency modes indicate convergent validity. Specifically, the three modes of agency are positively and significantly correlated with the four related variables (i.e., individual mitigation behaviors, self-efficacy, nature connectedness, and CC concern). Data indicate that the higher the agency modes scores (individual, proxy, and collective), the higher the individual mitigation behaviors, self-efficacy, nature connectedness, and CC concern, and vice versa.



TABLE 6 Pearson correlation coefficients [95% CI].
[image: Correlation matrix table showing relationships between variables: IA (Individual Agency), PA (Proxy Agency), CA (Collective Agency), MB (Mitigation Behaviors), SE (Self-Efficacy), NC (Nature Connectedness), and CCC (Climate Change Concern). Correlations, significant at p < 0.01, are bolded. Confidence intervals are provided for each correlation coefficient. Variables marked with "x" were assessed in different questionnaire versions. The number of participants per variable scale varies as indicated in the note beneath the table.]



3.5 Sex and grade level differences in individual, proxy, and collective agency

The differences in the three modes of agency regarding sex and grade level were analyzed. Table 7 shows data for the means and standard deviations. Regarding the variable sex, we also found statistically significant differences [λwilks = 0.997; F(3,1,109) = 8.790; p < 0.001; η2 = 0.023]. Girls scored higher than boys in the three agency modes: individual [F(1,111) = 25.26; p < 0.001; η2 = 0.022], proxy [F(1,111) = 16.09; p < 0.001; η2 = 0.014] and collective [F(1,111) = 15.08; p < 0.001; η2 = 0.013]. Regarding the variable grade level, we found statistically significant differences [λwilks = 0.957; F(15,3,053) = 3.283; p < 0.001; η2 = 0.015] there is generally a tendency showing that the agency modes decrease as the grade level grows: individual [F(5,1,108) = 2.97; p < 0.05; η2 = 0.013], proxy [F(5,1,108) = 4.68; p < 0.001; η2 = 0.021] and collective [F(5,1,108) = 4.41; p < 0.001; η2 = 0.020]. However, considering sex and grade level, the effect sizes of the differences found are small.



TABLE 7 Means and standard deviations.
[image: Table displaying means (M) and standard deviations (SD) for Individual, Proxy, and Collective Agency among girls, boys, and students from seventh to twelfth grade. Individual Agency for girls (M=3.318, SD=0.769) and boys (M=3.078, SD=0.819) varies by grade. Proxy Agency shows different means, with girls at M=2.771 (SD=0.813) and boys at M=2.573 (SD=0.829). Collective Agency shows girls at M=2.523 (SD=0.911) and boys at M=2.307 (SD=0.945), also detailed per grade. M denotes mean; SD denotes standard deviation.]




4 Discussion

The current work aimed to fill a three-fold research gap concerning the absence of quantitative measures to assess adolescents’ agency modes toward CC. Hence, the current work followed two phases: (i) developing three theory-based scales to measure each agency mode toward CC (i.e., individual, proxy, and collective), and (ii) testing and validating those scales.

Regarding the first phase, items were generated based on the description of the human agency construct and its properties, according to Bandura’s (2018) theory. This procedure was essential to fully capture the different components of the construct (Tsang et al., 2017). The evaluation of the scales by five expert judges helped support their content validity (i.e., items measure what is supposed to be measured), constituting a prerequisite to assure other types of instrument validity (Yusoff, 2019). As crucial as this procedure was the evaluation by the target population to ensure that participants understood the items of the scales (Arafat et al., 2016). Altogether, these methodological procedures provided us with preliminary evidence that the items of the developed scales assess agency modes toward CC and their properties (Boateng et al., 2018; Tsang et al., 2017).

In the second phase, we examined the psychometric properties of the scales mentioned above. According to Bandura (2018), each agency mode comprises three properties: forethought, self-reactiveness, and self-reflectiveness. CFA supported the theoretical structure of the scales for each agency mode. Specifically, Model 2 (i.e., first-order multifactorial structure of each agency mode) and Model 3 (i.e., one second-order factor and first-order multifactorial structure of each agency mode) have an identical fit. Hence, we can use both, i.e., the mean scores of each property and the mean score of each agency mode. Moreover, tests for group invariance indicated that this model is consistent across sex (H2) and grade levels (H3), which allows the comparison between those groups. This means that differences in the scale scores reflect actual group differences in agency toward CC rather than potential measurement bias, which strengthens the validity of each agency mode scale (Cheung and Rensvold, 2002).

In addition, each agency mode scale exhibited excellent psychometric properties in terms of internal reliability at T1 and T2 (H4–H6), reflecting adequate homogeneity (Nunnally and Bernstein, 1994). Correlation coefficients between T1 and T2 for individual (0.768), proxy (0.738), and collective (0.767) agency modes are high, indicating the stability of participants’ responses over time (H7–H9).

Concerning convergent validity, we confirmed all hypotheses. Based on literature focused on related variables, i.e., pro-environmental or CC mitigation behaviors (e.g., Busch et al., 2019; Krettenauer et al., 2020; Lawson et al., 2019), we expected positive and statistically significant relationships between all agency modes and CC mitigation behaviors (H10), self-efficacy to combat CC (H11), nature connectedness (H12), and CC concern (H13). As Table 6 shows, correlation coefficients are stronger between agency modes and self-efficacy, nature connectedness, and CC concern (i.e., correlation coefficients range between 0.344 and 0.631) than with CC mitigation behaviors (correlation coefficients range between 0.283 and 0.442). Those results stress the need to investigate further the relationships between individual and contextual predictors of adolescents’ agency modes toward CC.

Lastly, we found that girls report being more agentic toward CC in all modes than boys (H14), which is consistent with the literature on learning agency and self-regulation (e.g., Martins et al., 2024; Motie et al., 2012; Zimmerman and Martinez-Pons, 1990), as well as on pro-environmental or CC mitigation behaviors (Fielding and Head, 2012; Zeeshan et al., 2021). Moreover, we also found that older students report lower agency toward CC (all agency modes) than younger students (H15), consistent with the literature on pro-environmental or CC mitigation behaviors (e.g., Krettenauer, 2017; Negev et al., 2008). This data shows that despite greater cognitive development and autonomy that can be favorable to CC cause (e.g., Byrnes, 2006; Ojala and Lakew, 2017; Zimmer-Gembeck and Collins, 2006), high school students reported lower agency modes than their counterparts. This result highlights the need to intervene with students during high school level to counter the decreasing tendency to act toward CC and mitigate the known “adolescence dip” (e.g., Olsson and Gericke, 2016; Otto et al., 2019).

In sum, results showed that AGENTC2-Scales have good psychometric quality regarding validity and reliability evidence. Hence, these scales are of good value for assessing and identifying potential differences in the reported agency modes, as well as in the reported agency properties within each agency mode. This information may help educators establish educational goals to promote each property of the three agency modes. Only promoting forethought (e.g., designing a plan to combat CC), self-reactiveness (e.g., changing the strategies to combat CC), and self-reflectiveness (e.g., reflecting on the effectiveness of actions to combat CC) competencies together will contribute to developing real agents toward the desired outcome, i.e., mitigate CC (Bandura, 2018). In other words, combating CC requires more than simply mitigation actions; students need to develop anticipatory and reflective thinking to initiate, sustain, and improve those actions (Koskela and Paloniemi, 2023). Moreover, the scales can be used to assess the impact of CC formal education and intervention programs on students’ agency modes (and properties) toward CC. Notwithstanding the scales’ strengths and their contribution to research, this study has some limitations. Despite a good sample size, the number of participants at middle and high school levels is not balanced. Besides, despite our efforts to recruit participants from all regions of the country, most schools are from the North. Future studies could overcome this limitation. Lastly, future research could also extend the validation of the agency modes scales in other countries and the adult population.
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Introduction: As wildfires and extreme weather events increase in frequency and severity, understanding individuals’ psychological and behavioral responses to these rising climate change impacts is necessary to cultivate pro-environmental behavior (PEB). Based on a theoretical model grounded in construal level theory and the theory of reasoned action, we propose that exposure to wildfires is associated with psychological distance of climate change, climate change and wildfire attitudes, and PEB; that psychological distance is associated with climate change attitudes and PEB; and that subjective norms are associated with PEB.
Method: We assess these associations through an a priori content analysis of 66 semi-structured interviews with Pacific Crest Trail hikers during the 2022 wildfire season, illustrated through quotes responding to interview questions asking about such associations.
Results and discussion: The analyses and quotes provide initial support for the proposed model, nuanced insights into the subdimensions of each construct, and a basis for possible wildfire and climate change messaging.
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1 Introduction

As climate impacts such as extreme wildfires become increasingly salient (e.g., Diffenbaugh et al., 2021), understanding their psychological and behavioral consequences is necessary to cultivate environmental action. However, how extreme weather events such as wildfires may be leveraged to promote pro-environmental behavior (PEB) remains unclear. One barrier to PEB is the common perception that climate change impacts will occur in the future, in distant locations, to other people, and with uncertainty, which reduce individuals’ motivation to personally combat the climate crisis (Griskevicius et al., 2012). In contrast, wildfires are glaringly proximal on all four of these dimensions, especially for those who directly experience them. Construal level theory (CLT) suggests that these dimensions of psychological distance (temporal, spatial, social, and/or hypothetical) inhibit engagement with climate change issues and other PEB (Maiella et al., 2020; Trope and Liberman, 2010). Thus some research (noted below) indicates that reducing psychological distance can increase such behavior, while others argue this approach by itself is insufficient. These mixed results may be the result of both conceptual and methodological issues.

Conceptually, the relationship between psychological distance and PEB is likely complicated by additional influences (Maiella et al., 2020). Scholars have argued that integrating CLT with constructs from the theory of reasoned action (TRA; Fishbein, 1979) and the later theory of planned behavior (TPB; Ajzen, 1991) can better explain engagement in climate-friendly behavior (Brinkerhoff, 2020; Deng et al., 2017; Tulone et al., 2020). In particular, attitudes and subjective norms—the two antecedents of behavior intention in the TRA—have been shown to influence behavior differently depending on psychological distance (Ledgerwood, 2008). Accordingly, this study integrates the original TRA with CLT, as it offers a more parsimonious fit for our aims. Moreover, the TRA provides a flexible foundation for model extensions—a common approach in environmental behavior research. For example, scholars have extended the TRA/TPB with personal goals and motivation (Islam et al., 2024), natural environment, cultural atmosphere, and emotions (Wang et al., 2025), cost and availability of alternatives (Oludoye et al., 2024), and moral norms and trialability (Valizadeh et al., 2023a), and by introducing additional paths between behavioral antecedents and PEB (Valizadeh et al., 2023b). Thus, the TRA provides a theoretically justified set of variables that can be appropriately integrated with CLT constructs.

Methodologically, many existing studies assess psychological distance using experimental manipulations or retrospective self-reports. However, psychological distance is context-specific and dynamic (Brügger, 2020; Trope and Liberman, 2010; Wang et al., 2021); to produce valid insights, data should be collected during or immediately following real-world events. While agent-based modeling and simulation can propose how climate events may relate to PEB (Ribeiro-Rodrigues and Bortoleto, 2024), this study investigates whether and how personal experiences of wildfires relate to psychological distance of climate change, attitudes, subjective norms, and PEB, based on individuals’ lived experiences.

We take a novel approach to the study of psychological distance through developing a model based on CLT and the TRA, examined through content analysis of 66 semi-structured interviews conducted with Pacific Crest Trail (PCT) hikers during peak wildfire season in the summer of 2022, illustrated through participant quotes about the proposed associations. Through this investigation, we aim to (a) shed light on whether and how individuals’ perceptions of climate change are shaped, reinforced, or change as a result of exposure to wildfires and other extreme weather events, and (b) provide insights into effective mechanisms to increase PEB during extreme weather events. As environmental psychologists increasingly prioritize solutions-focused research, this study helps to diversify the discipline’s methodological toolbox and probe deeper into the lived experiences of those exposed to climate change impacts (Nielsen et al., 2021). Understanding whether and how individuals who experience extreme weather events (here, wildfires) are motivated to engage in climate action (here, pro-environmental behaviors) can facilitate the design, dissemination, and evaluation of behavior interventions during times of climatic disruption.



2 Literature review and theoretical foundations


2.1 Wildfires and climate change

Wildfires and extreme weather events are increasing in frequency and severity, in part due to the drying and heating of atmosphere associated with climate change (Diffenbaugh et al., 2021; Intergovernmental Panel on Climate Change, 2021; MacDonald et al., 2023; see also Valiant, 2023, and Goodell, 2023 for books on global fire and heat). Except for 2022, the last half-dozen years have witnessed the highest number of extreme wildfires on Earth, increasing 220% since 2003; they are also becoming more intense (Cunningham et al., 2024). Since 1970, the average length of wildfire season in the western U.S. has increased by more than 100 days, and the number of acres burned has grown 600% (Environmental Defense Fund, 2024).

Although the ways in which forests are managed can affect fire severity, climate change also plays a central role in the recent growth in regional wildfires. Analyzing data from 1979 to 2020, Jain et al. (2022) show that the fire weather index, initial fire spread index, and vapor pressure deficit have all increased around 12%, influenced by lower relative humidity and increased temperature due climate change. Furthermore, these influences are projected to worsen in coming years (Jain et al., 2022). Climate change also affects the jet stream in ways that can divert rain from vulnerable areas while increased heat reduces snowpack and its water melt (Environmental Defense Fund, 2024), which makes areas more susceptible to wildfire. These contributions of climate change to wildfire patterns lead many environmental researchers to conclude that “extreme weather enhanced by climate change is increasing the duration of the fire season and occurrence of extreme fire weather and events” (Schweizer et al., 2020, p. 41; see also Wasserman and Mueller, 2023).



2.2 Exposure to extreme weather events

As climate change intensifies, individuals across the globe are experiencing its impacts. As many as 71% of US residents report having experienced extreme weather in their community in 2022, with 21% experiencing extreme wildfires (Leppert, 2022). A growing literature suggests that individuals who are exposed to these extreme weather events may exhibit higher levels of climate change concern and risk (Lidskog et al., 2019; Spence et al., 2011) and stronger beliefs in climate change (Reser et al., 2012). Experiencing these events has also been associated with behavior change such as disaster preparedness (Dessai and Sims, 2010; Silver and Andrey, 2014; Spialek et al., 2021) and intention to engage in PEB (Rudman et al., 2013; Spialek et al., 2021). Others have found that the relationship between extreme weather experience and PEB was mediated through climate change perception (Deng et al., 2017; Spence et al., 2011). To explain the relationships between direct climate change experiences, environmental attitudes, and pro-environmental behavior, some researchers have turned to construal level theory of psychological distance.



2.3 Psychological distance and construal level theory

The concept of psychological distance includes four interrelated dimensions: temporal distance represents the distance between now and the object’s point in time; spatial distance represents the distance between here and the object’s location; social distance represents the difference between “self” and “other” (Smith and Trope, 2006; Trope and Liberman, 2010); and hypothetical distance represents “the distinction between real and imagined objects and between probable and improbable events” (Trope and Liberman, 2010, p. 7). Many scholars propose that in the absence of direct experience of its impacts, climate change is likely to be perceived as psychologically distant (affecting other locations, the long term, other people, and with uncertainty), and that this psychological distance can impede environmental action (e.g., van der Linden et al., 2015). Indeed, reducing psychological distance of climate change, whether experimentally or naturally as climate change impacts become more apparent, is frequently suggested as a strategy to mobilize PEB (e.g., Jones, 1989; Schuldt et al., 2016; Spialek et al., 2021; van der Linden et al., 2015). However, there is little evidence for the efficacy of this approach on its own (Brügger et al., 2016; Chen, 2020; McDonald et al., 2015; Schuldt et al., 2018; Spence et al., 2011; Wang et al., 2022, 2021). Researchers also caution that many of the findings that support this claim are correlational, and that the relationship between psychological distance of climate change and PEB does not guarantee that interventions designed to decrease psychological distance will inspire more climate action (Wang et al., 2021).

Construal level theory (CLT) is a frequently used framework for understanding the effects of psychological distance on attitudes and behavior (e.g., Wang et al., 2021). CLT argues that when attitude objects are psychologically distant, individuals form abstract mental representations, or construals, of the object, and will therefore be more influenced by other psychologically distant stimuli (Trope and Liberman, 2010). In contrast, when individuals perceive that an attitude object is psychologically proximate (e.g., they directly experience climate change impacts), they will construe the object concretely, and they will be more influenced by other psychologically proximate and concrete stimuli (Spence et al., 2012; Trope and Liberman, 2010). For example, prior research has found subjective norms (based on one’s immediate social context) are more influential on psychologically proximate attitude objects, and individual attitudes (based on broad principles that apply across situations) are more influential on psychologically distant attitude objects (Ledgerwood, 2008; see also Bijani et al., 2017).

Although CLT provides an important basis for understanding how climate change is mentally represented, Brügger et al. (2016) note that “from the perspective of construal level theory, decreasing psychological distance should not itself influence people’s willingness to act but change the processes that underlie individual decision-making” (p. 125). Therefore, recent research suggests that the relationship between psychological distance and behavior may be strengthened by additional explanatory variables (Brinkerhoff, 2020; Chen, 2020; Jia et al., 2021). To better understand behavior, various scholars have integrated the cognitive constructs of the CLT with constructs from the TRA and the later TPB that relate to behavior intentions and change (Brinkerhoff, 2020; Deng et al., 2017; Tulone et al., 2020).



2.4 The theory of reasoned action

Fishbein’s (1979) theory of reasoned action suggests that a person’s behavior is best predicted by their predisposition toward the action, which itself is predicted by both subjective norms and one’s attitudes. Subjective norms refer to the perceived social pressure from important others to perform (or not perform) a behavior (Fishbein, 1979). Environmental attitudes are commonly viewed as stable evaluative tendencies that reflect individuals’ environmental concern and values (Miller et al., 2022), and influence people’s beliefs about, affect toward, and behavioral responses toward the environment (Milfont and Duckitt, 2010). Given CLT findings that subjective norms are more influential than individual attitudes when attitude objects are psychologically proximate (Ledgerwood, 2008), and that environmental attitudes are affected by perceived susceptibility to climate change impacts (Shen et al., 2024), integrating the TRA with CLT may clarify diverging findings in the literature by exploring the constructs that enable or constrain the relationship between psychological distance of climate change and PEB. Following CLT’s tenet that stimuli are more strongly related when matched with construal level, this study examines both climate change attitudes (more abstract) and wildfire attitudes (more concrete).

The original conceptual framework of the TRA specifies that attitudes and subjective norms should each be measured in relation to a specific target behavior, and examined through measures of the beliefs underlying these constructs (Fishbein, 1979). Accordingly, studies based on the TRA “should normally consist of two parts: qualitative (identification of antecedent beliefs) and quantitative (statistical assessment of direct and indirect variables)” (Yuriev et al., 2020). Although many examinations of PEB through the TRA and TPB relate antecedents to a specific target behavior, far fewer examine the underlying attitude and subjective norm beliefs (Yuriev et al., 2020). Further, meta-analyses on TPB antecedents have found that general attitude and norm measures still explain significant variance in PEB (Geiger et al., 2019).



2.5 Pro-environmental behaviors

Pro-environmental behavior is “behavior that consciously seeks to minimize the negative impact of one’s actions on the natural and built world” (Kollmuss and Agyeman, 2002, p. 240). Previous research on experiences of extreme weather events suggests that exposure can lead to behavior change to guard against future similar events (more concrete; Deng et al., 2017; Silver and Andrey, 2014; Spialek et al., 2021), but that it can also affect PEB in domains unrelated to the extreme weather (more abstract; López-Feldman and González, 2022; Reser et al., 2012; Spence et al., 2011). Therefore, in the context of extreme weather events, we distinguish between PEBs that relate to the event itself (wildfire PEB; behaviors that relate to helping to prevent wildfires) and other PEB (general PEB; behaviors related to more general environmental contexts). These two categories represent individuals’ general propensities to engage in (general or wildfire-specific) environmental action (Lange, 2024).




3 Model and hypotheses

Based on the above review, Figure 1 presents the overall model of the main associations, indicating the corresponding hypotheses. The model proposes that wildfire exposure is associated with H1 psychological distance of climate change, H2 wildfire attitudes, H3 climate change attitudes, and H4 wildfire PEB. In turn, psychological distance of climate change is associated with H7 climate change attitudes and H8 general PEB. Climate change attitudes H6 are associated with general PEB, and H5 wildfire attitudes are associated with wildfire PEB. Finally, social norms influence H9 wildfire PEB and H10 general PEB. We state these associations as hypotheses, because they are justified by the literature and theoretical foundations, but these are not statistically tested. Rather, they are assessed by the presence of the a priori content codes in the comments; i.e., the associations are not tested in a causal research design but are based on participants’ comments about those associations.

[image: Flowchart depicting relationships between wildfire exposure and behavior. Wildfire exposure influences psychological distance of climate change, which affects climate change attitudes, social norms, and intended behaviors (general PEB and wildfire PEB). Arrows indicate hypothesized relationships (H1 to H10) including effects on psychological distance, wildfire attitudes, and performed behaviors.]

FIGURE 1
 Main relationships. Constructs in A are from construal level theory; constructs in B are from the theory of reasoned action; constructs in C are from both.




4 Method

We content analyzed the qualitative interview data using an a priori and reliable coding scheme (Table 1), an approach used in prior studies (e.g., Baxter and Eyles, 1999; Kleinheksel et al., 2020; Neuendorf, 2019; Weston et al., 2001). This allows us to provide thick descriptions to understand the nuances of the model that are nonetheless firmly grounded and validated in the literature and the overall model. Thus, we do not seek, report, or analyze emergent or inductive codes or themes, nor use the coded content to generate grounded theory.


TABLE 1 Operationalization of constructs from the theory of reasoned action and construal level theory.


	Theoretical framework
	Construct
	Operationalization via codes

 

 	Construal Level Theory 	Concrete Experiences/Salience of Wildfire 	Descriptions of (separate codes):
 
	• Walking through burn areas

	• Walking through smoke

	• Smelling or seeing smoke at a distance

	• Seeing ash

	• Avoiding previously burned area*

	• Leaving the trail or rerouting because of active fire*

	• Evacuating due to immediate danger from active fire*





 	Reductions in Psychological Distance 	Reduced distance due to wildfire exposure
 
	• Temporal

	• Spatial

	• Social

	• Hypothetical





 	Psychological Impact 	Negative Psychological Reaction to wildfire exposure


 	Wildfire Exposure Impact on PEB 	Descriptions of wildfire exposure experiences shaping, changing, or reinforcing (separate codes):
 
	• Wildfire-specific PEB

	• General PEB





 	Theory of Reasoned Action 	Attitudes 	Change in or reinforcement of (separate codes):
 
	• Wildfire Attitudes

	• Climate Change Attitudes





 	Subjective Norm Influence on PEB 	Social Influence on PEB, including from (separate codes):
 
	• PCT hikers

	• Friends/family

	• Trail locals

	• Media


Each separated into influence on (separate codes):
 
	• Wildfire PEB

	• General PEB








*Experience involved behavior change.
 


4.1 Site

The Pacific Crest Trail (PCT; see Figure 2) was selected as a site due to the annual disruption of wildfire. Each year, over 4,000 people receive permits to hike the entire PCT from Mexico to Canada during peak fire season in the Northwest. Each year, sections of the PCT close as wildfires burn across or near the trail (Gerety and Trinca, 2022; Harrell, 2021). For long-distance PCT hikers who spend months preparing to walk the 2,652 miles, the presence of an active wildfire creates physical threats and disruptions, along with emotional disruptions due to the incineration of the trail which has become their home, and the inability to complete this long-sought goal. Feedback on study materials was obtained from a pretest sample of undergraduates and from the Pacific Crest Trail Association, generating a final structured interview guide. The project was publicized on Facebook and Instagram PCT accounts, and on posters and fliers that were delivered and mailed to PCT resupply towns and campsites popular during the early months of the season.

[image: Map of the Pacific Crest Trail showing its path from Mexico to Canada through California, Oregon, and Washington. The trail is marked in red, with key locations, mileage points, and section labels. Fire icons indicate areas affected by past wildfires along the route.]

FIGURE 2
 Map of the Pacific Crest Trail, including wildfires, previously burned areas, and interview locations along the PCT. Underlying map source: www.pcta.org. Sections indicate PCT markers. The flame symbol indicates an active fire at the time of the interviews, black trees indicate large previously burned areas, and microphone icons indicate the interview locations.




4.2 Positionality

The first author registered for and hiked the PCT between April–July 2022, hiking over 1,200 miles from the Southern Terminus to Quincy, CA. This included walking and camping with other PCT hikers, being given a trail name, and importantly, being affected by environmental obstacles, wildfire smoke, prior wildfire burn areas, and active fires. Despite designing this project with the intention of studying wildfire impacts, the first author was surprised by the profundity of the physical and emotional impacts of the wildfires when they emerged, both personally and as noted by interviewees. Experiencing the tragedy of having a section of the trail and a yearlong plan go up in smoke overnight lent an understanding of the context of participants’ comments and credibility to the results.



4.3 Sample

The first author conducted semi-structured interviews with hikers willing to participate in the interview while in resupply trail towns. Thus the researcher engaged with individuals who were guaranteed exposure to different levels of wildfire: they saw flames and ash; smelled and saw smoke and haze; were evacuated; had their plans disrupted; walked through burned areas; and communicated with other hikers about their experiences. This method allowed for the collection of rich data from individuals who were experiencing different levels of wildfire in real time.



4.4 Semi-structured on-site interviews

Corresponding to the recommendation noted earlier that CLT data should be collected during or immediately following real-world events, conducting interviews in the context of the PCT—where hikers are more likely to have been or would be exposed to wildfires—both increases the relevance of their comments to CLT and helps to better understand their lived experiences. The semi-structured interview guide (see Table 2, which also provides rationales for each set of questions) represented the project motivations and theoretical foundations of the model. The interviews followed the semi-structured guide, while maintaining flexibility for participants to tell their stories. Questions that had already been addressed in the participant’s prior responses were not asked, and probes were only asked as needed.


TABLE 2 Semi-structured interview guide


	#
	Interview questions
	Probes

 

 	1 	Tell me to what extent you have personally experienced aspects of wildfires. 	1a: Can you give me an example of a time when you experienced an aspect of wildfire?
 1b: Can you explain a little about the effects of that experience on you?


 	2 	Do you believe that your experiences of wildfires influence the way you think about climate change? Explain. 	2a: Do you view wildfires as a current consequence of climate change? Explain.
 2b: In what ways do your experiences of wildfires change how near you feel to the effects of climate change?
 2c: In what ways do your experiences of wildfires change how soon you believe the effects of climate change will occur?
 2d: In what ways do your experiences of wildfires change who you expect will experience the effects of climate change?
 2e: In what ways do your experiences of wildfires change how certain you are that climate change is occurring?


 	3 	In what ways are your experiences of wildfires influenced by other people? 	3a: Who are the people who are relevant to your experiences of wildfires?
 3b: What are the influences of people who are relevant to you?


 	4 	What types of social situations influence the way you think about wildfires? 	


 	5 	To what extent do you feel your engagement in behaviors that are beneficial to the environment is influenced by other people? 	5a: What are the influences of people who are relevant to you?
 5b: Who are the people who are relevant to your engagement in environmentally beneficial behaviors?


 	6 	What types of social situations influence the kinds of environmental behaviors you engage in? 	


 	7 	To what extent do you feel that your experiences with wildfires influence your intention to act in ways that are beneficial to the environment? 	7a: What types of behaviors do you think are most influenced by your experience of wildfires?





Questions 5, 6, and 7 specifically refer to PEB; however, participants may refer to PEB in responding to the other questions. The unit of coding analysis was the complete set of responses to all the questions, for each interviewee.
 

Sixty-seven interviews were conducted, though one was cut short, resulting in 66. The interviews were conducted in limited number throughout the beginning of the hiking season, and in concentration once wildfires along the PCT began at the end of July 2022. The PCT Map in Figure 2 shows then-active wildfires, burned areas from prior fires, and the interview locations. Respondents were mostly from the United States (US) (46), but some from other countries: Germany (5), Canada (3), Australia, Denmark, England, and the Netherlands (2 each), and one each from Slovenia and Sweden. Sixteen respondents were female, 45 were male, and one respondent identified as non-binary (note that four interviews were conducted with two respondents). Upon completion of the study, the anonymized audio files were transcribed using a professional service.



4.5 Content analysis

Content analysis may be qualitative (thematic) or quantitative (frequency of codes), and a priori (reflecting a developed model or explicit baselines) or emergent/inductive (allowing for codes and subsequent themes to emerge from the data and researcher interpretation; Neuendorf, 2017). Here, we conduct quantitative a priori coding. To analyze the comments, we developed an initial a priori coding scheme spreadsheet reflecting the motivations and theory of the study, as reflected in Figure 1, as well as the wording and sequence of the interview guide. Table 3 lists the main categories and specific codes. The main categories correspond to the concepts in the Figure 1 model; the specific codes were identified by the authors through close reading of the comments as specific instances or forms of the main categories. The coding unit was each entire interview. Two authors and two trained assistants coded the transcripts by first reading the entire interview. Then they returned to the beginning and started coding (entering the transcript line number) following the spreadsheet. However, the two final attitude entries were coded after initial coding and again revisiting the entire interview. All four members coded and discussed questions, ambiguities, or suggestions for improved operationalization through multiple initial sets of five interviews each until we achieved basic stability of the codebook. Early difficulties with several codes and interview ambiguities resulted in dropping these codes. The first author and the two assistants then proceeded with production coding.


TABLE 3 Content analysis codes and descriptive statistics.


	Code
	N
	M
	SD

 

 	Interview record 	66 	 	


 	Interviewee: miles hiked 	 	1587.6 	527.7


 	Interview transcript word count 	 	3,300 	1279.6


 	Interview duration (minutes) 	 	22.9 	8.2


 	Wildfire exposure 	 	 	


 	Observed 	 	2.06 	0.99


 	Walked through a previously burned area 	58 	0.88 	0.33


 	Walked through PCT wildfire smoke 	25 	0.38 	0.49


 	Saw or smelled smoke 	43 	0.65 	0.48


 	Saw ash 	10 	0.15 	0.36


 	Acted 	 	1.15 	0.83


 	Rerouted to avoid a previous burn 	16 	0.24 	0.43


 	Did not hike or avoided a section because active wildfire-related issue 	47 	0.71 	0.46


 	Evacuated from PCT because of immediate threat of wildfire 	13 	0.20 	0.40


 	Other 	 	 	


 	Intensity of response: grouped into none or any 	52 	0.79 	0.41


 	Wildfire experiences prior to PCT 	26 	0.39 	0.49


 	Psychological distance
 (Decrease in distance of climate change associated with wildfire experience) 	 	1.95 	1.40


 	Temporal 	33 	0.50 	0.50


 	Spatial 	27 	0.41 	0.50


 	Social 	35 	0.53 	0.50


 	Hypothetical 	34 	0.52 	0.50


 	Influence of social norms: topic and source 	 	 	


 	On general pro-environmental behaviors (source) 	 	1.35 	0.98


 	PCT hikers 	38 	0.58 	0.50


 	Friends/family not on the PCT 	28 	0.42 	0.50


 	Individuals local to the PCT or officials 	8 	0.12 	0.33


 	Media 	15 	0.23 	0.42


 	On wildfire pro-environmental behaviors (source) 	 	0.12 	0.37


 	PCT hikers 	5 	0.08 	0.27


 	Friends/family not on the PCT 	1 	0.02 	0.12


 	Individuals local to the PCT or officials 	1 	0.02 	0.12


 	Media 	1 	0.02 	0.12


 	Attitudes (reinforcement or change) 	 	1.42 	0.77


 	Wildfire 	49 	0.74 	0.44


 	Climate Change 	45 	0.68 	0.47


 	Influence of wildfire exposure 	 	0.85 	0.68


 	On general pro-environmental behaviors (examples: unrelated to minimizing wildfire; e.g., take train instead of flying; get involved with an environmental organization) 	31 	0.47 	0.50


 	On wildfire pro-environmental behaviors (examples: cleared flammable debris away from camp stove before lighting it; said something to people whose behaviors could risk starting a wildfire) 	25 	0.38 	0.49





Values = number of respondents mentioning that coded content, out of N = 66. Except for miles hiked, means for each code are the percentage of respondents mentioning this coded content in their comments. Values for the header variables are the total percentages combined across their constituent codes. Full codebook available from the authors.
 

To assess inter-coder agreement, all coded line numbers were converted to 1 s, with 0 indicating no code. The values for each coder for each code were calculated using Freelon’s ReCal3 (Freelon, n.d.). However, Cohen’s Kappa and Krippendorff’s Alpha produced some nonsensical results due to the low variance in many codings. This is a common phenomenon; Feng (2015) and Zhao et al. (2018) discussed these issues, with the latter especially emphasizing the validity of using agreement percentages for such contexts. Therefore we used the percent agreement across the three coders or across pairs of coders to assess progress toward agreement levels, by coders, by individual codes, and across all codes. Joint coding among the first author and two assistants was formally compared for 11 sets of interviews, and the two assistants independently coded three sets each. The average final unweighted agreement across all 29 joint codings was 85%, with a median of 100%. Remaining disagreements for joint coding were resolved by majority coding.




5 Results

Table 3 presents the descriptive statistics. The interview questions and thus the content analysis codes often are about associations between two variables (e.g., whether wildfire experiences influenced participants’ perceptions of climate change), so most responses describe perceived causal relationships. Table 4 provides illustrative quotes corresponding to the subsections below, to support the validity of the results.


TABLE 4 Illustrative quotes for content-analyzed relationships.


	Results section
	Illustrative quotes

 

 	5.1 Wildfire exposure


 	

	1. Hikers noted the psychological impact of seeing their temporary “home” now threatened or destroyed.

	2. Despite the lesser threat to hikers’ immediate safety, the 106-mile stretch of forest that burned in 2021 (the “Dixie Fire”) was often described by participants as one of their most impressionable experiences.



 	

	1. “Eventually, hopefully if you really let it, this trail becomes your home. You do not have another home. Most people have given up their houses and leases and jobs, and everything. This is your home, and your home’s on fire. It’s not just on fire for a day. Like hundreds of miles of your home are gone overnight. There’s no way that’s not traumatic in a way that I do not think most people can understand” (20).

	2. “It’s really bleak. It’s really dusty. The views are not awesome. Everything’s just black. It’s dangerous because there is going to be a lot of trees that you cannot sleep under. It’s very challenging. Also, we did not wanna skip a mile, so we went through that entire section just to be stopped by a new wildfire. You can understand how that would be such a morale breaker” (20).






 	5.1.1 Association between wildfire exposure and psychological distance of climate change (H1)


 	

	1. Description of reduction in hypothetical distance of climate change due to wildfire exposure

	2. Description of reduction in social distance of climate change due to wildfire exposure

	3. Description of reduction in temporal distance of climate change due to wildfire exposure

	4. Description of reduction in hypothetical distance of climate change due to wildfire exposure



 	

	1. “It’s a sh**ty thing where you only realize something’s going on when it hits you or when you personally experience it. Before that you close your eyes and do not really look. That really changed it for me. I’ve heard about California fires since forever, because that’s in the news, but you are like, ‘Oh, that’s horrible’ but then you do something else. That was really eye-opening” (35).

	2. “It’s hard to take something as large-scale as climate change and then see how it might immediately and directly impact you. Then walking through a really severely burnt area, you are directly being impacted by it walking through… It’s a good reminder of how direct the effects of climate change can be on your life” (50).

	3. “I remember my whole upbringing has always been like, not in your lifetime, but in your children or grandchildren’s lifetime, and we gotta change things now for the other generations to come, but it’s very much feeling like our generation now and not so much about the future” (52).

	4. “the wildfires this year has been sort of driving home that it is happening here. It is around us. It’s something that we are gonna have to deal with” (63).






 	5.1.2 Association between wildfire exposure and attitudes


 	5.1.2.1 Wildfire Attitudes (H2)


 	

	1. Hikers described increased pessimism about the state of wilderness areas after experiencing wildfire impacts on the PCT.

	2. Some hikers explained that hiking through previously burned areas also brought them a sense of optimism and beauty.



 	

	1. “Being there [in the Dixie Fire burn area] in the moment really cemented how catastrophic these modern fires are, and honestly kinda gave me a bit of a grim outlook for the future. I do not know if I’m gonna be able to continue to recreate in the forests for the rest of my life, or if it’s just gonna all be charred by the time I’m old. If I have kids, are they gonna be able to see the healthy mixed forest that we get to hike through, or is it just gonna be gone?” (63)

	2. “…you also get to see what rebirth looks like. I’ve walked through a forest that was completely charred, but I saw probably hundreds of thousands of mushrooms all over the trees. You’re seeing life come up from the ground, and you are like, ‘Man, this is beautiful.’” (2)






 	5.1.2.2 Climate change attitudes (H3)


 	

	1. Many hikers explained that while their beliefs had not changed per se, those were reinforced, confirmed, or intensified after their experiences with wildfires.

	2. Not all hikers attributed the severity of the wildfires to climate change, with some pointing to forest management as the culprit, and others describing the complex nature of climate change impacts tied up with fire suppression tactics.



 	

	1. [The wildfires had a] “huge influence on my attitude toward climate change. I wasn’t anti-climate change, not a skeptic or anything like that, but it’s just reinforced my beliefs even more so on the trail” (21).

	2. “out here, I see the fires more as a management problem. Of course, there were always fires here, but with the suppression tactics to suppress the fires for 50 years and build up a huge pile of biomass… of course, at some point, it starts. Then you cannot control it anymore” (53).






 	5.1.3.2 Association between wildfire exposure and wildfire PEB (H4)


 	

	1. Some hikers described being motivated to engage in wildfire PEB because of their perceived increase in the risk of wildfires or of unsafe fire behaviors.

	2. Some participants described feeling hopeless to prevent future wildfires.



 	

	1. “When you have lived through it, experienced it, you realize that you cannot mess around. You’ve got to be really strong on your behaviors and follow all the guidelines and pull people up if they are doing risky behaviors that create a fire hazard or fire risk” (46).

	2. “Waste free, I’m like oh, yeah, I can just use less things, but a wildfire I’m like how do I fit into that model of help to stop it from happening?” (22)






 	5.2 Attitudes as a predictor (H5, H6)


 	

	1. A hiker described how his newfound awareness of climate change motivated him to educate others about general PEB.



 	

	“That’s something that I want to carry forward is to keep people aware of what’s happening, in a sense which was not how I was before. I was just oblivious of what was happening. I think that’s the one where it had changed for me after-trail” (24).






 	5.3 Psychological distance of climate change as a predictor


 	5.3.1 Associations with climate change attitudes (H7)


 	

	1. Participants described how the proximity of climate change, brought on by their exposure to wildfires, increased their concern for and awareness of general environmental issues.

	2. Some hikers also felt that it was easy to have an ambivalent attitude until confronted with climate change impacts.



 	

	1. “It makes it in the forefront. It makes really immediate. It makes is so that you cannot ignore what’s happening… The fires and those other elements made me begin to really focus on what is actually happening; what is being predicted; the models; and just facing that. Like facing that hard truth head on” (20).

	2. “I think when the fire’s at our front doors, is threatening our own properties and our own livelihoods, we might focus on it more. Until then, a fair level of nonchalantness will be somewhat acceptable” (65).






 	5.3.2 Associations with PEB (H8)


 	

	1. Some hikers described being motivated to engage in PEB based on the perceived proximity of climate change.

	2. Some hikers felt that certain dimensions of psychological distance (in this quote, social distance) motivated them to engage in PEB.

	3. Some hikers described increasing apathy and hopelessness in response to the psychological proximity, and a concern that their actions would not continue after the wildfire was no longer top of mind.



 	

	1. Referring to climate change: “I’ve been taught it, I’ve understood it, I believe it, thankfully. Just to see it firsthand is another level. It makes me want to be more active in the change to make climate change better, if possible” (32).

	“when those experiences or threats become impactful for those people surrounded, that to me is a catalyst for change and for action that I do not even have to think about. It’s just something you do” (4).

	“I think it makes me want to do things, but realistically wanting to make changes and actually making the changes is a huge step” (47).









 	5.4 Association of subjective norms with PEB (H9-H10)


 	

	1. Some hikers described how spending time with outdoors enthusiasts gave them new motivation to perform (especially general) PEB.

	2. Many hikers described how observing people engaging in PEB was more motivational than being publicly shamed for inaction.

	3. However, for hikers who were more environmentally conscious at home, subjective norms on the trail had a negative effect on their engagement in PEB.



 	

	1. “I think the leading by example is really key, and I feel like out here, we are lucky enough to hang out with a bunch of people who really care about the environment” (48).

	2. “If a group of people has similar values and they act a way without calling attention to it, if three outta four people are separating their trash but not making a thing out of it, then I think that the fourth person a lotta times it makes it easier for them to just follow suit instead of being told or taught” (13).

	3. “I’m vegan, I only ride a bike. I do not have a car… If at home I would come to a party with M&Ms. and Skittles, people would be like, ‘What the f**k are you doing?’ I would get harsh judgement for it. Here it’s the norm. That of course influences me. Because I do think we need other people to keep us in check, to regulate us” (35).








 


5.1 Wildfire exposure

In total, the 66 participants mentioned 136 instances of observing and/or experiencing wildfire impacts and 154 instances of acting in response to wildfires. Participants experienced a wide range of wildfire impacts: some noted only having experienced previous wildfires when walking through burned forests, while some evacuated from the trail due to immediate wildfire danger. However, hiking through a previously burned area was the most prevalent mention of observations/experiences (n = 58), and avoiding a section of trail due to an active wildfire was the most common behavioral response to wildfires (n = 47). Across the diverse wildfire experiences (both those that involved observing and acting in response to wildfires), hikers noted the psychological impact of seeing their temporary “home” (20) now threatened or destroyed. Despite the lesser threat to hikers’ immediate safety, this psychological impact was frequently associated with the 106-mile stretch of forest that burned in 2021 (the “Dixie Fire”), described by one as “really bleak… a morale breaker” (20). Thus, experience observing the impacts of previous wildfires was often equally, or more, poignant to participants as was evading threats of active wildfires.


5.1.1 Association between wildfire exposure and psychological distance of climate change (H1)

Most participants (n = 55) mentioned their experiences with wildfires affecting one or more of the four dimensions of psychological distance. Participants who did not hike or avoided a section of the trail because of an active wildfire-related issue (e.g., smoke or flames) were more likely to perceive climate change as psychologically proximate because of their wildfire experience.

The four dimensions of psychological distance were all represented about equally across the interviews (27, 33, 35, and 34 instances for spatial, temporal, social, and hypothetical, respectively, for a total of 129). Although most participants believed in climate change and were aware of wildfire impacts through the media, they expressed reductions in hypothetical distance through descriptions of their experiences being “eye-opening” as to the reality of climate change (35). Social distance was emphasized through the recurring theme of perceiving climate change affecting hikers personally, or affecting people close to them, with some feeling that “it’s a good reminder of how direct the effects of climate change can be on your life” (50). Reductions in temporal distance were represented through descriptions of climate change feeling like a problem for “our generation now and not so much about the future” (52). Finally, reductions in spatial distance were described by some hikers who no longer felt like climate change only affected other parts of the world, and they could now see that it was “happening here” (63). Thus, across all four dimensions of psychological distance, participants generally perceived climate change as being closer due to their wildfire experiences.



5.1.2 Association between wildfire exposure and attitudes (H2, H3)


5.1.2.1 Wildfire attitudes (H2)

Forty-nine participants described an increase in, reinforcement of, or confirmation of their concern about wildfires, their perception of the seriousness of the problem of wildfires, their worry about wildfires, and/or their general perspective about wildfires. Both hiking through a previously burned area and negative psychological reactions to the wildfires were associated with wildfire attitudes in some of the comments.

Hikers described increased pessimism about the state of wilderness areas after experiencing wildfire impacts on the PCT, with one describing that they “gave me a bit of a grim outlook for the future” (63). Often, they expressed concern that wildfires could make the PCT impossible to hike in just 5 or 10 years, or would prevent future generations from being able to enjoy the outdoors. Not all hikers expressed only pessimistic wildfire attitudes as a result of their experiences, however. Some hikers also explained that hiking through previously burned areas brought them a sense of optimism and beauty, especially at observing the regrowth of the forest—a phenomenon also observed by Lidskog et al. (2019).



5.1.2.2 Climate change attitudes (H3)

Forty-five participants described an increase in, reinforcement of, or confirmation of their concern about climate change, their perception of the seriousness of the problem of climate change, their worry about climate change, and and/or their general perspective about climate change. In some comments, climate change attitudes were associated with hiking through a previously burned area and with negative psychological reactions to the wildfires, similar to those for wildfire attitudes.

Most hikers emphasized that they already believed in climate change (only one hiker stated disbelief), so they often first expressed that their experiences of wildfires did not change their attitudes. However, after probing deeper, many hikers explained that while their beliefs had not changed per se, those were reinforced, confirmed, or intensified after their experiences with wildfires.

Not all hikers attributed the severity of the wildfires to climate change, however. Several hikers pointed to poor forest management as the culprit of increasing wildfires, or described the complex nature of climate change impacts tied up with fire suppression tactics (e.g., 53, 62, 65). The US Forest Service policy of near-total fire suppression (although recently engaging in more controlled burns and underbrush removal), contributed to the build-up of fire fuel, increasing intensity and spread (Busenberg, 2004; Kolbert, 2024). California, a state the PCT transects, is an illustrative case where such policies have contributed to “an increase in large catastrophic fires not typical of these ecosystems” (Busenberg, 2004, p. 41; see especially Schweizer et al., 2020). Therefore, some hikers explained that while the wildfires may be exacerbated by climate change, it was challenging to determine whether, or how much, each wildfire exposure was due to climate change or to improper human intervention.




5.1.3 Associations of wildfire exposure and pro-environmental behavior (H4, H5, H6)


5.1.3.1 General PEB

While the model does not hypothesize a direct association between wildfire exposure and general PEB, the interview guide allowed participants to describe their own interpretation of the ways in which wildfires affected their PEB. Thus, 31 hikers expressed that experiencing wildfires on the PCT affected their current or future engagement in PEB unrelated to wildfires (general PEB). The behaviors hikers described ranged from recycling, driving energy-efficient vehicles or taking alternative modes of transportation, communicating environmental risks to friends and family, and contacting politicians and voting for environmental policies, among others.



5.1.3.2 Wildfire PEB (H4)

Twenty-five hikers expressed that experiencing wildfires on the PCT affected their current (reported) or future (intended) wildfire PEB (e.g., stove safety). Some hikers described being motivated to engage in wildfire PEB because of their perceived increase in the risk of wildfires or of unsafe fire behaviors, such as one hiker who expressed that “you realize that you cannot mess around” (46).

However, other hikers noted that experiencing aspects of the wildfires did not motivate wildfire PEB. Because the most disruptive active wildfires during the 2022 PCT season were not started by human action, it is possible that participants’ exposure to wildfire underscored how little one’s personal PEB can do to alleviate or respond to this multifaceted problem. It may also be difficult for participants to increase their wildfire PEB, which are limited and more likely to experience a ceiling effect.





5.2 Attitudes as a predictor (H5, H6)

The hypothesized model suggested that wildfire attitudes should be associated with wildfire PEB (H5), and that climate change attitudes should be associated with general PEB (H6). However, comments indicated that both attitudes (wildfire and climate change) were associated with general PEB, but not with wildfire PEB specifically. These results align with the lack of support for H4 (that wildfire exposure would be associated with wildfire PEB); see above for potential explanations for this pattern of results.



5.3 Psychological distance of climate change as a predictor (H7, H8)


5.3.1 Associations with climate change attitudes (H7)

Supporting H7, each of the four indicators of psychological distance was associated with climate change attitudes in participant comments. Participants described how the proximity of climate change, brought on by their exposure to wildfires, increased their concern for and awareness of general environmental issues. One participant explained that the immediacy of the wildfires “made me begin to really focus on what is actually happening…facing that hard truth head on” (20). Some hikers also felt that it was easy to have an ambivalent attitude until confronted with climate change impacts “at our front doors” (65).



5.3.2 Associations with PEB (H8)

Some hikers described being motivated to engage in PEB based on the perceived proximity of climate change. Referring to climate change, one hiker described how “Just to see it firsthand is another level. It makes me want to be more active in the change to make climate change better” (32). Some hikers felt that certain dimensions of psychological distance motivated them to engage in PEB. For example, one hiker explained that “when those experiences or threats become impactful for those people surrounded, that to me is a catalyst for change and for action” (4). In this case, the participant was motivated to engage in PEB due to the decreasing social distance of climate change impacts.

However, as mentioned previously, other hikers described increasing apathy and hopelessness in response to the psychological proximity, and a concern that their actions would not continue after the wildfire was no longer top of mind. For example, one hiker stated, “I think it makes me want to do things, but realistically wanting to make changes and actually making the changes is a huge step” (47). Some hikers also expressed that they were already doing all they could to support the environment.




5.4 Association of subjective norms with PEB (H9-H10)

The interview question asked participants to describe how social influence affected their engagement in PEBs, without specifying whether those were wildfire-related or general, though those were distinguished via coding. The comments were also coded for the four possible source(s) (other PCT hikers, friends and family not on the PCT, individuals who live nearby the PCT, and the media) of that influence.

Over half of the participants (n = 38) said that social influence, in the form of subjective norms (especially those from other PCT hikers and individuals local to the PCT), affected their intention to engage in general PEB. Hikers often reported being influenced by multiple sources of those norms. However, few specifically mentioned other people as having much influence on participants’ wildfire PEB (n = 7).

Some hikers described how they had come from a community that was not very environmentally conscious or aware, so spending time with outdoors enthusiasts gave them new motivation to perform (especially general) PEB. These hikers frequently described PCT hikers as “people who really care about the environment” (48). When asked about what kind of norms had the most influence on their PEB, many hikers described how observing people engaging in PEB was more motivational than being publicly shamed for inaction. These findings align with research suggesting that descriptive norms are more powerful behavioral motivators than are injunctive norms (Niemiec et al., 2020). However, some people who were environmentally conscious at home perceived PCT hikers to be less environmentally inclined than their usual social circles. For these participants, subjective norms on the trail had a negative (boomerang; Miller, 2025) effect on their engagement in PEB.




6 Discussion

This study provides specific experienced examples of, and general support for, most of the relationships in the theoretical model (Figure 1). For PCT hikers, many felt that their exposure to wildfire was related to decreasing psychological distance of climate change and to both wildfire and general PEB. In turn, psychological distance of climate change was related to attitudes (climate change and wildfire), and some participants mentioned decreasing psychological distance affecting their PEB. Further, participants described subjective norms from various sources influencing their intended and enacted PEB. These findings have implications for theorizing on CLT and the TRA, individuals exposed to extreme weather, and the communication surrounding salient climate change events.


6.1 Theory implications

First, these results contribute to research on extreme weather and the psychological distance of climate change (e.g., Jones, 1989; Schuldt et al., 2016; Spialek et al., 2021; van der Linden et al., 2015) by indicating that natural reductions in psychological distance to climate change may correspond with increases in attitudes without meaningful changes to PEB. Many hikers expressed increasing levels of climate change and wildfire concern, risk, and belief, but stated that their behaviors are unlikely to change as a result. However, the results also indicate that exposure to wildfires may not have to relate to psychological distance of climate change to affect wildfire attitudes and PEB, which supports previous research demonstrating that exposure to extreme weather is directly associated with higher levels of climate change concern, risk, and belief (Lidskog et al., 2019; Reser et al., 2012; Spence et al., 2011), disaster preparedness (Dessai and Sims, 2010; Silver and Andrey, 2014; Spialek et al., 2021) and intention to engage in PEB. Therefore, the two direct relationships between wildfire exposure and psychological distance of climate change, and between wildfire exposure and PEB, may be more important than the indirect relationship of wildfire exposure on PEB through psychological distance (though some did indicate this pattern). If findings from PCT hikers reflect psychological processes of other individuals who are exposed to climate change impacts, the global increase in extreme weather events may simultaneously promote the perception that climate change is psychologically closer and also a stronger propensity to engage in environmental action.

Importantly, these findings reflect a growing awareness of climate change as a result of direct exposure to climate change impacts. The qualitative exploration of these associations compliments previous quantitative assessments by demonstrating that some individuals who are exposed to wildfires are aware of the impacts these events have on their perception of climate change, and on their intended and enacted behavior. Construal levels and corresponding psychological distance can be primed without participant awareness (Trope and Liberman, 2010), so participants’ abilities to verbalize these changes in the context of a semi-structured interview is a noteworthy contribution, and one that merits further investigation. Although awareness by itself is rarely sufficient to motivate environmental action (Bergquist et al., 2023), the increased salience of climate change through exposure to extreme weather may be an important precursor to PEB (Spence et al., 2011).

The pattern of relationships between exposure to wildfires, psychological distance, attitudes, subjective norms, and behavior, as indicated by the interviewees’ comments, also highlights the utility of integrating CLT with the TRA (Brinkerhoff, 2020; Deng et al., 2017; Tulone et al., 2020). Many scholars find it useful to extend the TRA and TPB to improve their predictive power (Yuriev et al., 2020). Until recently, however, the integration of exposure to extreme weather events or wildfires and psychological distance with these models has been mostly unexplored, and thus is a central contribution of this study. As climate change impacts become more apparent (Intergovernmental Panel on Climate Change, 2021), understanding how they relate to these central theories and variables in the literature will become increasingly important.

Beyond providing some general but nuanced support of the theoretical model, the coded content and qualitative quotes illuminate many aspects in the study of exposure to extreme weather events, psychological distance of climate change, and PEB. First, despite participants describing a wide range of wildfire impacts (non-behavioral and behavioral), some wildfire experiences, such as hiking through extensively burned areas, were described as being particularly influential for outcome variables. It is likely that different indicators of extreme weather may differentially affect perceived psychological distance, attitudes, and behavior, as suggested in the literature. Indeed, CLT predicts that concrete representations (such as wildfire) can be abstracted in multiple ways (such as climate change, improper forest management, dangerous landscape, etc.), according to one’s goals (Trope and Liberman, 2010). It may be the case that certain wildfire experiences are more frequently construed as climate change impacts, or as motivational for general pro-environmental behavior change. Given that individuals both on and off the PCT are more likely to experience certain wildfire impacts than others (e.g., seeing or smelling smoke vs. evacuating from an active fire), these possibilities warrant future research.

Beyond our unique sample of PCT hikers, individuals encounter climate change impacts when they are exposed to smoke from an active fire, are forced to evacuate their homes, experience a loss of personal property, or face uncertainty due to changing temperatures and weather patterns. Therefore, while our results are not generalizable beyond the specific PCT population, their implications may be transferable to other contexts in which individuals experience climate change impacts (Jahn and Myers, 2024; Morgan, 2007). However, more research is needed to confirm these relationships among individuals who are exposed to extreme wildfires in other contexts, and to examine the ways in which other extreme weather events relate to the hypothesized model.



6.2 Implications for climate change communication

These results suggest several implications for climate change communication. Wildfires and extreme weather events are accompanied by increased media attention during and immediately following the event (Crow et al., 2017; Johnson et al., 2009). Although media producers are increasing the frequency with which they mention climate change-related issues during their reporting of extreme weather (Hopke, 2020), there is still a long way to go (Cordner and Schwartz, 2019; Crow et al., 2017; Spialek et al., 2021). Furthermore, the media’s normative framing of behavioral responses to extreme weather can influence citizen responses (Nilsson and Enander, 2020), but most do not provide information on risk mitigation, policy solutions, or other actions individuals can take in response to the event (Crow et al., 2017). This study’s preliminary findings suggest that not only should messaging during extreme weather events describe aspects of the event, but that highlighting the proximity (whether physical, temporal, social, or hypothetical) of climate change and relevant (favorable) normative standards around PEB may increase the behavioral impact of the exposure. If the results found within this sample of PCT hikers reflect processes that occur outside of this unique context, they may help media producers tailor their messaging on wildfire and extreme weather to motivate greater pro-environmental behavior. This messaging may be used in combination with other pro-environmental policy mixes to offset negative effects of single interventions (e.g., negative spillover; Alt et al., 2024). See Ettinger et al. (2023) for a framework for using extreme weather events as teachable moments to increase PEB.

Finally, this study contributes to an understanding of why exposure to wildfires may not lead to changes in psychological proximity, attitudes, and PEB (Maiella et al., 2020; Wang et al., 2022). Although not hypothesized, the semi-structured interview guide allowed participants to expand upon this lack of association, and they mentioned several barriers to these associations. The most frequent included a lack of efficacy as a result of understanding the scope of environmental challenges. For example, many described the sense of helplessness that came from watching such a catastrophic impact, with one noting that:

I feel like there are two general ways that you can react to very present examples of climate change like fire. Some people, I think, get very invigorated by that and become very active and have decided this is a time when I choose what I want to be. For myself, I actually find that it’s the cause of a lot of apathy. The scope of things is so incredibly overwhelming for me that it’s hard for me to believe that my actions will make a difference (4).


This apathy was often accompanied by an argument that individual actions are not enough, such as one hiker’s description that “My individual choices are not gonna mean anything if Amazon keeps overnight packages everywhere. I do not know that the wildfires, necessarily, have changed that” (41). The lack of efficacy reflects studies of CLT that demonstrate that psychologically proximate events prompt individuals to think about an activity in terms of how they will perform an action, whereas psychologically distant events promote greater consideration of why they will act (Liberman et al., 2007; McCrea et al., 2008). When wildfires make the psychological presence of climate change feel more immediate, it is possible that reflecting on how one would contribute to climate change mitigation increases the salience of barriers to PEB. If this is the case, individuals exposed to wildfires and other climate change impacts may benefit from information that increases their perceived efficacy to perform PEB.

Other hikers anticipated dissipating urgency once they were removed from the wildfire impacts—a phenomenon that is likely to occur outside of the PCT community as well (Konisky et al., 2016). For example, one hiker acknowledged that his motivation to engage in PEB “might change for a few months, but then I’ll easily slip into the comfy life of just never worrying and not really caring” (32). In developing messages and other interventions to promote PEB during extreme weather events, barriers such as these need to be addressed before meaningful change can be expected (Steg and Vlek, 2009). Thus, a more expansive underlying model based on the theory of planned behavior (Ajzen, 1991) which explicitly includes the concept of perceived behavioral control, could motivate greater consideration of these and other barriers in influencing PEB.



6.3 Limitations

This study has several limitations. First, PCT hikers do not represent the general adult population (e.g., partially due to their extensive outdoor recreation; Andre et al., 2017; Baird et al., 2020; Cole, 2018; Wilcer et al., 2018). The respondents are long-distance hikers who, during their hike, may be confronted with significant forms of environmental change. Further, this population also likely encounters a ceiling effect whereby PCT hikers’ attitudes and PEB may already be high (noted in some of the interviews), which could have reduced the associations of wildfire exposure with attitudes and PEB reflected in the comments. However, these PCT hikers had experienced different levels of exposure to wildfires, making them particularly unique but also salient respondents, filling a gap in the literature. Thus this sample is an intentional, purposeful sample, reflecting the construal level theory proposition that psychological distance is more strongly affected by near-immediate and salient experiences. Thus there is no presumption of the sample or results representing more general populations. Second, even among the PCT hiker population, only hikers who were interested in and had time to participate in the interviews were included, which further limits the results. Therefore, the sample has ecological validity, and is purposive, but is a small, non-representative, convenience sample.

Third, coded content can only refer to reported or intended general propensities to engage in PEBs (Lange, 2024) as reflected in responses to the questions and in Figure 2, as there are no measures of observed PEB. However, a much larger sample could use the quantitative counts of each code to statistically test portions of, or the full, model. Fourth, we did not code for all constructs of the TRA as outlined in the theoretical model, so future research may explore more specific attitudes toward the behavior, and the beliefs underlying these behavior-specific attitudes. However, the codes and relationships in this study do represent a common adaptation of the TRA within our theoretically-justified model, and the most salient aspects of relevant participants’ experiences and perceptions. Finally, of course, with all a priori content analysis approaches, other potentially relevant comments about wildfire experiences and PEB that may have emerged through open coding were not represented.




7 Conclusion

This study examined how Pacific Crest Trail hikers’ wildfire exposure shapes their perceptions of climate change and pro-environmental behavior, using a model integrating construal level theory and the theory of reasoned action. A content analysis of 66 interviews identified that:


	• Wildfire exposure reduced psychological distance to climate change across all four dimensions, and reinforced concern about both climate change and wildfires.

	• Attitudes were more consistently linked to general PEB than to wildfire-specific PEB.

	• Subjective norms—especially from fellow hikers—influenced general PEB but had limited influence on wildfire PEB.

	• Despite greater perceived proximity, many participants described barriers (e.g., low efficacy, apathy) that limited behavior change.



Although our sample was small and not representative of the general population, studying the relationships between exposure to climate change impacts, psychological distance, attitudes, and PEB in real time clarifies mixed evidence in the literature and suggests opportunities for increasing environmental action. Future research can expand on these findings by studying broader populations, incorporating measures of perceived efficacy, and testing interventions that highlight proximity and social norms to promote climate action.
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001

002

009

010

012

011

CC Four

032
085
062
074
7015+
106
0.10
-1.69
-018
126
~100
2650
0.65
8.216%%

0.219/0.192

0747

0397

0533

0.460

<0001

0.291

0922

0.091

0.854
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0317
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Coefficient P(incl) P(excl) P(incl|data) P(excl|data) 95% Credible
interval

Lower Upper

Intercept 1000 0000 1000 0,000 1000 17758 0382 17036 18,697
CCPNC 0.487 0513 0319 0651 0563 0033 0.154 ~0241 0475
CCPTD 0523 0477 0834 0.166 4566 ~0231 | 0143 ~0.461 0.000
Fear 0613 0387 0586 0414 089 0253 0387 0124 1270
Anger 0538 0.462 0.858 0142 5197 0207 0129 0000 0422
ccA 0548 0452 0501 0499 0.828 0082 0.200 ~0059 0709
Fear* CCA 0362 0638 0219 0781 0494 —0004 0016 ~0044 0020

The frst column lists all predictor included in the regression; P(incl) and P(excl) represent the prior inclusion and exclusion probabilites, respectively; P(inclldata) and P(exclldata) represent
the posterior inclusion and exclusion probal the inclusion Bayes factor which quantifies the change from prior to posterior odds, Mean and SD are the posterior mean and
standard deviation of the parameter following model averaging, The last two colums represent the 95% credible inerval (CI) for each parameter. Note that higher CCP-TD scores represented
a higher belif that the consequences of CC would happen only further away i time. CCP-NC, Negative consequences subdimension of the climate change perception scale; CCP-TD,

Temporal distance subdimension of the climate change perception scale; Fear, climate change-related fear; Anger, climate change-related anger; CCA, climate change anxiety.
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Coefficient P(incl) P(excl) P(incl|data) HEEIEE) 95% Credible
interval

Lower Upper

Intercept 1000 0,000 1000 0,000 1000 14.980 0,506 13.986 16.036
CCP-R 0550 0450 0921 0079 9.588 0655 0.330 ~0011 1183
CCP-NC 0511 0.489 0444 0556 0.765 0.085 0173 ~0.190 0473
Fear 0625 0375 0922 0078 7070 0695 0.483 ~0.047 1774
Anger 0475 0525 0379 0.621 0.676 0012 0.082 ~0.155 0.247
cca 0550 0450 0.661 0339 159 0.262 0332 ~0.024 1105
Fear® CCA 0375 0625 0.401 0599 1116 ~0.015 0.025 ~0.081 0.007

The frst column lists all predictor included in the regression; P(incl) and P(excl) represent the prior inclusion and exclusion probabilites, respectively; P(inclldata) and P(exclldata) represent
the posterior inclusion and exclusion probabilities. BF,.is the inclusion Bayes factor which quantifes the change from prior to posterior odds, Mean and SD are the posterior mean and
standard deviation of the parameter following model averaging, The last two columns represent the 95% credible interval (CI) for each parameter. CCP-R, Reality subdimensions of the climate
change perception scale; CCP-NC, Negative consequences subdimension of the climate change perception scale; Fear, climate change- related fears Anger, climate change-related anger; CCA,
climate change anciety.
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Coefficient P(incl) P(excl) P(incl|data) P(excl|data) el 95% Credible
interval

Lower Upper

Intercept 1000 0.000 1000 0.000 1000 16744 0.499 15725 17748
CCP-NC 0512 0.488 0432 0568 0725 0.080 0.166 ~0.141 0.523
Fear 0.581 0419 0.951 0049 1389 0.249 0.503 ~0.872 0.983
Anger 0512 0.488 0514 0486 1010 0.077 0114 ~0.067 0.355
cca 0535 0.465 0529 0471 0977 ~0054 0172 ~0.470 0.280
Fear* CCA 0349 0.651 0.361 0639 1055 0011 0.019 ~0.008 0.058

The frst column lists all predictor included in the regression; P(incl) and P(excl) represent the prior inclusion and exclusion probabilites, respectively; P(inclldata) and P(exclldata) represent
the posterior inclusion and exclusion probabiltes. BF,, i the inclusion Bayes factor which quantifies the change from prior to posterior odds, Mean and SD are the posterior mean and
standard deviation of the parameter following model averaging, The last two columns represent the 95% credible interval (CH) for each parameter. CCP-NC, Negative consequences
subdimension of the climate change perception scale; Fear, climate change-related fear; Anger, climate change-related anger; CCA, climate change anxiety.
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Summary statistics Summ

N 299
Marital status

Single, never married 147 (49.2%)
Married or domestic partnership 104 (34.8%)
Widowed, divorced or separated 48 (16.1%)
Ethnicity

White 220 (73.6%)
Hispanic 31(10.4%)
Black/mixed 20(6.7%)
Other 28 (9.4%)
Religion

Christian 88 (29.4%)
Catholic 22(7.4%)
Eastern Spirituality 14 (4.7%)
Jewish 7(2.3%)
Atheist 34 (11.4%)
Agnostic 50 (16.7%)
Other 84/(28.1%)
Religion importance

Extremely important 84 (28.1%)
Very important 77 (25.8%)
Moderately important 56 (18.7%)
Not really important 42 (14.0%)
Not at all important 40 (13.4%)

Percentage frequency in parenthesis out of sample.





OPS/images/fpsyg-15-1400655/fpsyg-15-1400655-t002.jpg
Outcome variables

N

M (SD)
299

Love and care for nature

I feel joy just being in nature

5.589 (1.354)

I feel that closeness to nature is important for my
wellbeing

5.358 (1.536)

When I am close to nature, I feel a real sense of
oneness with nature

5.268 (1.502)

1 feel content and somehow at home when I am in
unspoilt nature

5.375 (1.452)

I feel a deep love for nature

5.575 (1.382)

I often feel emotionally close to nature

5.060 (1.613)

When I spend time in unspoilt nature I feel that
my day- to-day worries seem to dwindle away in
the face of the wonder of nature

5.284 (1.450)

Protecting the wellbeing of nature for its own sake
is important to me

5.686 (1.259)

I feel spiritually bound to the rest of nature

4.803 (1.764)

I feel a personal sense of interconnectedness with
the rest of nature

5.127 (1.598)

T often feel a sense of awe and wonder when I am
in unspoilt nature

5.645 (1.359)

I often feel a strong sense of care toward the
natural environment

5.452 (1.339)

I need to have as much of the natural environment
around me as possible

4.903 (1.585)

When in natural settings I feel emotionally close to
nature

I enjoy learning about nature

5.264 (1.565)

5.880 (1.223)

Pro-environmental behaviors

I'signed a petition about an environmental
issue.

2.823 (1.898)

I intentionally voted for a candidate in an election
because of their environmental platform.

3.358 (2.016)

I encourage other people to protect the
environment.

3.960 (1.745)

I compost my kitchen waste.

2.575 (1.929)

[ usually buy eco-friendly products and brands

3.829 (1.422)

I choose to walk or cycle instead of using my car
when I can

3.395 (1.954)

I volunteer to help care for the environment

2.371 (1.605)

Vitality

I feel alive and vital.

4.405 (1.677)

Sometimes I feel so alive I just want
to burst.

3.318 (1.660)

I have energy and spirit.

4478 (1.672)

[look forward to each new day.

4395 (1.722)

I nearly always feel alert and awake.

5.431(6.277)

1 feel energized.

3.873 (1.621)

SD, standard deviation.
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Predictors

Sex -004 141 -074 0460 -003 144 -060 0547 000 154 001 0995 003 036 058 0563 036 094 0350 005 038 097 0332

Age 000 007 -215* | 0032 001 007 -219% 0029 010 | 007 196 0051 008 002 -156 0119 -0 002 -145 | 0046 005 002 | -103 0302

Political ~039 036 BOS** <0001 037 040 —699%%F <0001 =037 | 040 -697%%* <0001 =026 009 515%F <0001 021 000  -389%*F <0001 023 009  —430°¢ <0.001

Religious 007 028 151 | 0132 008 | 028 159 0414 008 028 155 012 015 007 30I"* 0003 007 300 | 0003 013 007 | 268** 0008

BJWiot 003 008 049 0627 002 | 008 045 0655 0.02 144 0150 008 | 002 | 146 0145

SELE ~007 | 001 -153 0428 -006 002 -109 0276 000 -202¢ | 0035 005 000 | -094 0346

ToaTot -001 | 007 019 0847 002 | 007 0.628 002 -2264 | 0025 010 002 | -201¥ 0045

DSMNegAM -005 | 027 0415 o1 007 180 0073

DSMDetach -001 028 0.854 —004  -073 0469
0.07

DSM/Antag 002 038 028 0776 —001 009 | 022 082

DSMDisinhib 007 | 032 116 0246 018 008 | 302" 0003

DSMPsychot 008 | 033 L8 0238 003 008 040 0668

E 19.0274+% 11.226%* 7098+ 113054+ 84520%% 70425

R 0163 0.168 0182 0.103 0132 0.180

R- adjusted 0154 0.153 0.156 0.094 0116 0.155

Predictors CC three CC four

@) @)
ISES

Sex —021 051 —422%%% <0001 023 051 —449"* <0001 —021 054 —391** <0001 001 047 —018 0857 000 047 007 0946 003 049 051 0614

Age 000 003 000 1 -001 003 -018 085 001 003 -026 0792 003 002 057 0572 003 002 066 0509 004 002 092 0356

Political 004 013 271%* 0007 010 014 186 0064 009 014 170 0090 040 012 -B43F <0001 —037 013 —71I*F <0001 -038 013 | —7.26%** | <0001

Religious ~004 000 083 0408 -004 010 -084 0402 -004 010 -070* 0485 002 009 049 0623 002 009 045 0650 003 009 0.60 0.546

BJWot —011 003 197* | 0049 002 003 -210 0036 005 | 002 095 0341 006 003 111 0.268

SELE ~009 001 -183 | 0068 003 001 064 052 ~007 001 | -143 0153 001 001 ~012 0908

ToaTot —006 002 -121 | 0225 002 003 -048 0633 009 002 | -182 070 -008 002 —166 | 0098

DSMNegAM 006 009 090 0368 -001 009 -013 | 0898

DSMDetach 01l 010 168 0094 0.07 009 121 0.225

DSMJ/Antag 007 004 LIS 0239 -006 012 -103 | 0302

DSMDisinhib 006 002 101 0315 015 o1 262 0009

DSMPsychot ~003 012 039 0697 0.05 o1 069 0.488

P 72210 579205 4604%5 20326+ 1273455 8.949%%

S 0.069 0.094 0.126 0172 0.186 0219

R- adjusted 0,059 0.078 0.098 0.163 0172 0.194

p<0.05, *#p<0.01, *+4p<0.001.
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Environmental citizen

action
Ttem11 0386
Ttem12 079
Ttem? 0.68
Item10 056
Ttems 052
Ttem13 048
Item9 041
Ttems 032
Ttemd -006
Ttem2 -005
Ttem! -002
Ttems 017
Ttem3 015
Ttem15 -007
Iteml7 007
Ttem16 028
Ttem1s 016
Ttem14 032
% of Variance 2134

Cumulative %

Fl =
P2

3

Bartlett' Test of Sphericity

KMO 0935

“Minimum residual” extraction method was used in combination with a “oblimi

Factors

Environmental education

~0.04

~0.09
015
006
029
0.00

027
076
071
068
063
050
0.00
014

-0.07
032
025
1772
55.29

0477

£=3,562,df=153, p <0.001

Environmental activism

004
~0.05

0.03

0.01
022
0.26
024

-0.03
0.16

-007

~0.06
019
094
0.62
0.60
0.40
037

1624

0556

0625

rotation. Those in bold italics are items with acceptable factor loadings.

0.68

053

061

053

050

040

052

048

0.63

040

048

054

081

058

057

056

063
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Environmental

citizen action

Environmental

education

Environmental

activism

Items
a6
a7
a8
5

a0
anl
a2
al3
al
a2
a3
a1
a5
al4
als
al6
a7

a1g

1477

0813

1315

1372

125

0744

0.588

1142

291

237

184

288

215

145

207

143

214

17

SD
127
12
147
129
132
L4
104
131
0867
1186
1376
1027

1308

133
125

132

0641

0737

0594

0.669

0621

0561

0.558

0715

0.63

0.609

0615

0707

0771

0672

0702

0.674

M, Mean; SD, standard deviation; .., total corrected item ratio.

0.882

0822

0876

®

0887

0830

0877
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Gender

Age

Cities

. frequency.

Categories
Male
Female
18-20
2125
26-30
31-35
Piura
Chiclayo
Lima
Tumbes
Trujillo
Arequipa
Cajamarca
Hudnuco
Cusco

Rioja

135

27

197

35

2

27

38

62

2

56
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SRMR RMSEA RMSEA 90% IC

Lower Upper
M1 84122 134 6278 0917 0.906 0.083 0123 o115 0131
M2 81540 135 6040 0805 0779 0072 0120 0112 0.128

¢, Chi-square; df, degree of freedom; CFI, Comparative Fit Index; TLI, Tucker Lewis index; SRMR, root mean square standardized residual root; RMSEA, root mean square error of
approximation.
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Variable Full sample
Nature connectedness 346 (0.62)
Climate change anxiety 194 (0.83)
Cognitive-emotional 201(085)
Functional 1.83 (0.89)
Individual action 4810 (18.48)
Collective action 2491 (20.94)
Climate knowledge 0.58(0.17)
Depression 6.72(5.41)
Anxiety 6.26(5.02)

Stress 823(5.19)

Females
351(061)
199 (0.84)
207 (0.87)
186 (0.89)

4830 (17.64)

25,57 (20.69)
055 (0.17)
647 (5.24)
669 (5.06)
867 (5.24)

Males
3.29(0.58)
179(0:81)
1.83 (0.80)
172(091)
46.72(20.13)
2076 (21.83)
0.64(0.17)
661 (5.30)
4.92(4.57)
682 (4.81)

Gender comparison

£=2.686,p =0.008

=1861,p=0064

188, p =0.029

1166, p =045
£=0641,p =0.008

=

736, p =0.083

1=-4.199, p <0.001

1=-0.195,p =0846
1=2.706,p =0.007

1=2.727,p 20007
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Variable

1. Age
2. Nature

connectedness

3. Climate change

anxiety

4. Cognitive-

emotional
5. Functional

6. Individual

action
7. Collective action

8. Climate
knowledge

9. Depression
10. Anxiety

11 Stress

*p <0.05, **p <0.001.
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tcome variable CFI TLI SRMR RMSEA

Depression Total 0.99 0.90 0.03 0.07
High knowledge 099 0.94 0.04 0.06
Low knowledge 098 0.86 0.04 0.08
Anxiety “Total 098 0.90 0.03 0.07
High knowledge 099 092 0.04 0.07
Low knowledge 097 079 0.04 0.09
Stress Total 098 0.88 0.03 0.07
High knowledge 0.99 093 0.04 0.06
Low knowledge 096 074 0.04 0.10

CFI, Comparative Fit Index; TLI, Tucker Lewis Index; SRMR, Standardized Root Mean Square Residual; RMSEA, Root Mean Square Error of Approximation.
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Effects Plincl)
Condition 0.692
CCAcog 0615
CCAfun 0615
Condition * CCAcog 0231
Condition *CCAfun 0231

P(excl) P(incl|data)
0.308 0884
0385 0472
0385 0821
0.769 0052
0.769 0072

P(excl|data)

0116

0528

0179

0.948

0928

BFinct

3402

0559

2861

0.183

0257

The second and third columns show the prior probabilites of including and excluding the parameter in the model. The fourth columns show the posterior probabilites of including and
nclusion BF (BE,..) encodes the BF for each predictor across all matched models simultaneously and quantifies the change from prior

excluding the parameter afterseeing the data. Lastly,th

inclusion odds to posterior inclusion odds. Condition: Baseline, Causes, Cosnequences; CCAcog, cognitive impairment subdimension; CCAfun, functional impairment subdimension.
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Agein years
Mean (SD)
Median
Range
Gender
Male
Female
Preferred not to answer
Years of education
Mean (SD)
Median
Occupation
Unemploed
Student
University student
Employee
Freelance
Other
Status
Low
Medium
High
Missing
Income
No income
Less than 1,000 euros per month
More than 1,000 euros per month
More than 1,500 euros per month
More than 2000 euros per month
More than 2,500 euros per month

Total=122

232(47)
2

18-39

43(35.25%)
78 (63.93%)

1(0.82%)

142(23)

13

3(4.1%)
12(9.8%)
72(59%)
4 (19.7%)
5(4.1%)
4(3.3%)

20 (16.4%)
94(77.1%)
6(4.9%)
2(1.6%)

8 (55.7%)
27 (22.1%)
15 (12.3%)

6(4.9%)

5(4.1%)

1(0.8%)
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Effects P(incl) P(excl) P(incl|data) P(excl|data) BFint

Condi 0771 0229 0.880 0.120 2167
cca 0629 0371 0.995 0.005 117.037
SA 0629 0371 0247 0753 0.194
TA 0.629 0371 0310 0.690 0.265
Condition * CCA 0257 0743 0117 0.883 0.383
Condition* SA 0257 0743 0032 0.968 0.096
Condition * TA 0257 0743 0.063 0937 0.194

The second and third columns show the inclusion and exclusion prior probabilites o the parameter. The fourth and ifth columns show the posterior probabilites of including and excluding
the parameter afer secing the data. Lastly, the inclusion BF (BFincl) encodes the BF for each predictor across all matched models simultaneously and quantifies the change from prior inclusion
odds to posterior inclusion odds. Condition: Baseline, Causes, Cosnequences; CCA, climate change anxiety; SA, state anxiety; TA, trait anxiety.
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At the beginning of 2022, in the excavations of Velia, near Paestum, the
vast archacological park of ancient Greek ruins, helmets from the Battle
of Alalia in the 6th century BC were found. This battle was recounted
by Herodotus and witnessed clashes between the Phocacans, Greek
settlers in the city, Etruscans, and Carthaginians. During the battle, a
Greek force of Phocaean ships achieved victory over the Etruscans and
their Carthaginian allies in a naval battle off the coast of Corsica. It is
believed that one of the helmets was taken by the enemies. The relics,
in good condition, were discovered on what would have been the
acropolis, or upper part, of the ancient Greek City

In the last decennia, the amount of carbon dioxide (CO,) in the
atmosphere has increased exponentially. The main cause of this is the
use of fossil fuels. These are used for transport, electricity, the heating
of houses, and the industry. The increase in CO, in the atmosphere has
resulted in an increase in the average temperature on Earth. To this
day, human activities add approximately 11 billion tons of carbon
dioxide in the atmosphere. In the past 100 years, there has been the
greatest increase in Earth’s temperature ever recorded. The
consequence s climate change.

live

The climate crisis has UNAMBIGUOUSLY been caused by human
actions, leading to UNPRECEDENTED changes, some of which are
IRREVERSIBLE. Climate change has caused extreme heatwaves, rising
sea levels, and changes in precipitation, resulting in floods, droughts,
and hurricanes. These changes have had a negative impact on the food
system, with reduced productivity, food security, and nutritional
quality. The IPCC and FAO estimate that in the coming years,
migratory phenomena will be a direct consequence of the scarcity of
primary resources necessary for survival (food and water), triggering
real climate wars. The impact of climate change is also undermining
0ods, equality, and access to healthcare. As a result, these
changes are already having a detrimental effect on health, leading to
diseases and approximately 250,000 new deaths each year.
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Restriction Df ADf RMSEA RMSEA CFI CFI TLI
Configural 462.71 264 0092 0.959 0953
“Threshold 47674 38564 299 35 0.087 —0.004 0958 ~0.001 0957 0.004
Metric 49058 13875 314 15 0.083 —0.004 0.960 0.002 0.961 0.004
Scalar 50278 11.250 329 15 0078 —0.005 0.964 0003 0966 0.005
Strict 58625 40018 347 18 0073 —0.005 0.966 0003 0970 0.004

¢* Chi-square; 4, parameter difference.
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Latent Variable

95% confidence

paths interval
1A—

Nature connection 0.46* 0.19 [0.07, 0.85]
Nature Connection —

Pro-environmental 0.21%+% 0.03 [0.14, 0.29]
behaviors

Vitality 0.46™** 0.08 [0.31, 0.62]

Beta, standardized beta regression coefficients; SE, standard error. *p < 0.05. ***p < 0.001.
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Latent Variable

paths

95% CI

IA — Nature connection

Emotional Awareness 0.67*** 0.16 [0.34, 0.98]
Non-Distracting —0.36"* 0.13 [—0.62, —0.98]
Self-Regulation 0.46* 0.19 [0.07,0.85]
Body Trust —0.01 0.07 [~0.15,0.13]
Body Listening 0.01 0.09 [—0.17,0.19]
Nature Connection —

Pro-environmental behaviors 0.21%** 0.03 [0.14, 0.29]
Vitality 0.46*** 0.08 [0.31, 0.62]

Standardized regression weights. Significant level, *p < 0.05, **p < 0.01, ***p < 0.001.
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ariable 6 8 0]
(1) IA: noticing 1.000
(2) IA: non-distracting —0.025 1.000
(3) IA: not-worrying —0.067 0.023 1.000
(4) IA: attention-regulation 0.486* 0.003 0.144* 1.000
(5) IA: emotional awareness 0.582* —0.118* —0.028 0.427* 1.000
(6) 1A: self-regulation 0.345% —0.073 0.206* 0.565% 0.541* 1.000
(7) 1A: body listening 0.512% —0.031 —0.022 0.515* 0.594* 0.581* 1.000
(8) IA: body trust 0.327% 0.072 0.330* 0.536* 0.408* 0.488* 0.450* 1.000
(9) Love and care for nature 0.261* —0.195* 0.104 0.230% 0.511% 0.455% 0.383* 0.293* 1.000
(10) Pro-environmental 0.240% —0.059 =0.022 0.232* 0.319* 0.350% 0.270* 0.148* 0.395* 1.000
behaviors
(11) Relational attachment 0.105 —0.077 0.095 0.127% 0.228% 0.204% 0.137% 0.241% 0.232% 0.136* 1.000
(12) Relational nature 0.242% —0.236* 0.052 0.186% 0.425% 0.389* 0.338* 0.236* 0.810% 0.393* 0.175% 1.000
attachment
(13) Vitality 0.257* 0.053 0.259% 0.372% 0.317* 0.515% 0.331* 0.573* 0.335% 0.166* 0.354* 0.290% 1.000

Significant level, *p < 0.5, **p < 0.01, ***p < 0.001.
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Latent variables Coel RMSEA CFI TLI a\"3 Raykov Alp
IA: noticing 4.190 0.000 1.0 1.0 0.50 0.80 0.84
Tignore physical tension or 0.48*
discomfort until they become

severe.

I distract myself from sensations of 0.69***
discomfort.

When 1 feel pain or discomfort I 0.63**
try to power through it.

I try to ignore pain. 0.76%**
1 push feelings of discomfort away 0.73%*
by focusing on something else.

When I feel unpleasant body 0.73%*
sensations, I occupy myself with

something else so I don’t have to

feel them.

IA: emotional awareness 4.623 0.023 0.9 1.0 0.55 0.82 0.86
I notice how my body changes 0.49%*
when I am angry.

When something is wrong in my 0,55
life I can feel it in my body.

I notice that my body feels different 0.82%%*
after a peaceful experience.

I notice that my breathing becomes 0.87+*
free and easy when I feel

comfortable.

I notice how my body changes 0.86%*
when I feel happy/joyful.

IA: self-regulation 0.121 0.000 1.0 1.0 0.56 0.80 0.86
When I feel overwhelmed I can 0.74***
find a calm place inside.

When I bring awareness to my 0.85""
body I feel a sense of calm.

I can use my breath to reduce 0.66™*
tension.

When I am caught up in thoughts, 0.73%*
I can calm my mind by focusing on

my body/breathing.

IA: body listening 0.000 0.000 1.0 1.0 0.67 0.85 0.85
1 listen for information from my 0.78%*
body about my emotional state.

When I am upset, I take time to 0.89*
explore how my body feels.

1listen to my body to inform me 0.76"*
about what to do.

IA: body trust 0.000 0.000 1.0 1.0 073 0.90 0.88
Iam at home in my body. 0.86™"
I feel my body is a safe place. 095+
I trust my body’s sensations. 0.74**
Nature connection: love and care 103.477 0.051 1.0 1.0 0.69 0.96 0.97
for nature

I feel joy just being in nature 0.83**
I feel that closeness to nature is 0.90***
important for my wellbeing

When I am close to nature, I feel a 0,93
real sense of oneness with nature

1 feel content and somehow at 0.83***
home when I am in unspoilt nature

1 feel a deep love for nature 086+
I often feel emotionally close to 088+
nature

When I spend time in unspoilt 0.83"*
nature I feel that my day- to-day

worries seem to dwindle away in

the face of the wonder of nature

Protecting the wellbeing of nature 0.70**
for its own sake is important to me

1 feel spiritually bound to the rest 0.85***
of nature

I feel a personal sense of 0.90*
interconnectedness with the rest of

nature

I often feel a sense of awe and 0.76**
wonder when I am in unspoilt

nature

I often feel a strong sense of care 0.80"*
toward the natural environment

I need to have as much of the 0.83**
natural environment around me as

possible

When in natural settings I feel 0.90
emotionally close to nature

I enjoy learning about nature 0.59%**
Relational attachment humans 1.060 0.000 1.0 1.0 0.50 0.78 0.85
It helps to turn to people in times 0.57%*
of need.

1 usually discuss my problems and 0.80"
concerns with others.

1 talk things over with people. 0.72%%
1 find it easy to depend on others. 0.58"
1 don’t feel comfortable opening up 0.73%*
to others.

1 prefer not to show others how I 0.64*
feel deep down.

Relational attachment nature 1.163 0.000 1.0 1.0 0.56 0.86 0.85
It helps to turn to nature in times 0.857
of need.

T usually share my problems and 0.65"
concerns with the nature in a way

that makes sense to me.

I am supported by nature. 0.83+*
1 find it easy to depend on nature. 0.80"*
I don’t feel comfortable getting 056+
close to nature.

Vitality 8.839 0.040 0.9 0.9 0.61 0.77 0.74
I feel alive and vital. 0.90***
Sometimes I feel so alive I just want 0.65"*
to burst.

Thave energy and spirit. 0.86***
Ilook forward to each new day. 0.80%**
I nearly always feel alert and awake. 0.57
1 feel energized. 086"
Pro-environmental behaviors 2073 0.036 09 0.9 045 0.84 083
I'signed a petition about an 0.55%**
environmental issue.

Tintentionally voted for a 0.79***
candidate in an election because of

their environmental platform.

I encourage other people to protect 0.73**
the environment.

I compost my kitchen waste. 0.78***
T usually buy eco-friendly products 0.35%**
and brands

1 choose to walk or cycle instead of 0.64**
using my car when I can

I volunteer to help care for the 0.34%%*

environment

Significant level, *p < 0.05, *p < 0.01, *p < 0.001.
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Interoceptive awareness 0.92
Relational attachment 0.83
Nature attachment 0.84
Love and care for nature 0.97
Pro-environmental behaviors 0.86
Vitality 0.89

KMO, Kaiser-Meyer-Olkin test.
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Factor Max

N

Factor 1: Noticing 3.39 0.85 5 0.77
Factor 2: Non-distracting 2.99 0.77 5 0.84
Factor 3: Not-Worrying 3.11 077 5 0.77
Factor 4: Attention-Regulation 291 0.83 5 0.89
Factor 5: Emotional Awareness 3.34 0.95 5 0.85
Factor 6: Self-Regulation 271 091 5 0.86
Factor 7: Body Listening 2.60 0.99 5 0.85
Factor 8: Body Trust 3.33 1.06 5 0.88

M, mean; SD, standard deviation.
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N 299

Meaningful psychedelic experience

Extremely important 32(10.7%)
Very important 27 (9.0%)
Moderately important 27 (9.0%)
Not really important 23 (7.7%)
Not at all important 17 (5.7%)
Never had psychedelic experience 173 (57.9%)

Meaningful mystical experience

Extremely important 2(0.7%)
Very important 18 (6.0%)
Moderately important 35 (11.7%)
Not really important 34 (11.4%)
Not at all important 37 (12.4%)
Never had mystical experience 173 (57.9%)

Frequency spending time in nature as a child

Daily 97 (32.4%)
Multiple times a week 118 (39.5%)
Once a week 34 (11.4%)
Once a month 11 (3.7%)
Few times a year 24 (8.0%)
Rarely 15 (5.0%)
Openness

T have a rich vocabulary. 3.886 (1.105)
T have difficulty understanding abstract ideas. 2.201 (1.184)
T have a vivid imagination 4.114 (1.030)
Tam not interested in abstract ideas. 2.187 (1.217)
I have excellent ideas. 3.873(0.933)
1 do not have a good imagination. 2.067 (1.299)
Tam quick to understand things. 3.870 (0.959)
T use difficult words. 3.237 (1.176)
I'spend time reflecting on things. 4.341 (0.881)
Tam full of ideas. 4.013 (1.003)

Percentage frequency in parenthesis out of sample.
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Interoceptive awareness M (SD)

N 299
Noticing
When Iam tense I notice where the tension is 3231 (1.076)

located in my body.

I notice when I am uncomfortable in my body. 3706 (1.068)
I notice where in my body 1 am comfortable. 3268 (1.142)
I notice changes in my breathing, such as whether 3.355 (1.145)

it slows down or speeds up.

Not-distracting

Lignore physical tension or discomfort until they 3274 (1.086)
become severe.

I distract myself from sensations of discomfort. 3.201 (1.033)
When 1 feel pain or discomfort I try to power 2579 (1.008)
through it.

I try to ignore pain. 2,910 (1.097)
1 push feelings of discomfort away by focusing on 2.900 (0.974)
something else.

When 1 feel unpleasant body sensations, I occupy 3.077 (0.992)
myself with something else so I don’t have to feel

them.

Not-worrying

When 1 feel physical pain I become upset. 3331 (1.127)
I start to worry that something is wrong if I feel 3.298 (1.112)

any discomfort.

I can notice an unpleasant body sensation without 2.622 (1.046)
worrying about it.

I can stay calm and not worry when I have feelings 2,819 (1.043)
of discomfort or pain.

When I am in discomfort or pain I can’t get it out 3.468 (0.980)
of my mind.

Attention-regulation

I can pay attention to my breath without being 2.843 (1.089)
distracted by things happening around me.

I can maintain awareness of my inner bodily 2.896 (1.058)
sensations even when there is a lot going on

around me.

When I am in conversation with someone, I can 2779 (1.083)

pay attention to my posture.

I can return awareness to my body if [ am 3.017 (1.008)
distracted.
I can refocus my attention from thinking to 2.950 (1.024)

sensing my body.

I can maintain awareness of my whole body even 2.839 (1.040)
when a part of me is in pain or discomfort.

Lam able to consciously focus on my body as a 3.043 (1.133)
whole.

Emotional awareness

I notice how my body changes when I am angry. 3.117 (1.183)
When something is wrong in my life I can feel it in 3.114 (1.199)
my body.

I notice that my body feels different after a 3.508 (1.202)

peaceful experience.

I notice that my breathing becomes free and easy 3.495 (1.222)
when I feel comfortable.

I notice how my body changes when I feel 3.465 (1.193)
happy/joyful.

Self-regulation

When I feel overwhelmed I can find a calm place 2.522 (1.056)
inside.

When I bring awareness to my body I feel a sense 2.759 (1.109)
of calm.

I can use my breath to reduce tension. 2.843 (1.071)
When I am caught up in thoughts, I can calm my 2.709 (1.120)
mind by focusing on my body/breathing.

Body listening

I listen for information from my body about my 2.776 (1.173)
emotional state.

When I 'am upset, I take time to explore how my 2.401 (1.090)
body feels.

1 listen to my body to inform me about what to do. 2.632 (1.114)
Body trust

I am at home in my body. 3.281 (1.202)
1 feel my body is a safe place. 3.298 (1.216)
I trust my body's sensations. 3.411 (1.097)

SD, standard deviation.
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CAS Total score 2.58 0.049%
Cognitive and —0.35 0.81
emotional difficulties
Functional impairment 045 0.76

HAD Anxiety 3.16 0.02*
Depression 6.15 <0.001%**

Demographic | Age 096 0.34

characteristics
Sex —0.15 0.89

The p-value has been rounded from 0.04897.
p-value < 0.001: p-value < 0.05: *.
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Demographic variables | Age M = 13.79 (SD = 1.07); median = 14 [min. =12; max. = 16]
Sex at birth Male = 15; female = 72
Gender Woman = 64; Man = 16; nonbinary = 3; fluid = 2; transgender = 2

Primary psychiatric diagnosis (15 different modalities) | Anorexia nervosa = 12; bulimia nervosa = 1; gender dysphoria = 1; MDE = 18;
emerging psychosis = 9; anxious school refusal = 1; PTSD = 3; isolated suicide
attempt = 16; generalized anxiety disorder = I; bipolar disorder = 4; borderline
disorder = 4; behavior disorder = 3; ADHD = 7; OCD = 3; ASD =4

CAS Total score M = 21.53 (SD = 8.49); Median = 21
Relative to the median of the Likert scale (3): N = 3 (3.45%)
Relative to the median of the subjects (21): N = 38 (43.68%)

Cognitive and emotional difficulties dimension M = 13.94 (SD = 5.65); Median = 13
Relative to the median of the Likert scale (
Relative to the median of the subjects (13):

7 (8.05%)
= 41 (47.13%)

Functional impairment dimension M =7.57 (SD = 3.45); Median = 6
Relative to the median of the Likert scale (3): N = 5 (5.75%)
Relative to the median of the subjects (6): N = 42 (48.27%)

C-SSRS Total score M = 18.48 (SD =12.20); Median = 24

HAD Anxiety M = 12.76 (SD = 4.52); Median = 14
N =60> 11 (69.0%); N = 13 < 7 (14.9%)

Depression M =9.71 (SD = 5.03); Median = 9
N =392 11 (44.8%); N = 32 < 7 (36.8%)

MDE, major depressive episode; PTSD, post-traumatic stress disorder; ADHD, attention deficit hyperactivity disorder; OCD, obsessive compulsive disorder; ASD, autism spectrum disorder; M,
‘mean; SD, standard deviation; Min., minimum; Max., maximum.
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Variable New knowledge scale Established knowledge scale

t t

Base model without knowledge

EA 0.52 [0.41,0.62) 9.74 <0.001

Overall model R?=10.258, R,’",j =0.255

Fia73 = 94.77, p = 0.001

AIC =704.04, BIC = 714.89

Model with knowledge and with interaction effects

EA 0.49 [0.38, 0.60] 9.06 <0.001 0.52 [0.41,0.63] 9.39 <0.001
EK 0.18 (0.08, 0.28] 3.40 <0.001 0.08 (0,03, 0.18] 144 0.15
EA* EK 0.05 [~0.06, 0.16] 0.89 0.38 0.07 0,02, 0.17) 148 0.14
Overall model R =0291, R, = 0.283 R = 0269, R = 0.261
Fy71 = 37.03,p = 0001 Fson = 33.23,p = 0.001
AIC = 695.52, BIC = 713.61 AIC =703.84, BIC = 721.93

EA, Environmental attitude; EK, Effectiveness knowledge; AIC, Akaike information criterion; BIC, Bayesian information criterion.
Only standardized regression weights are given. Values in brackets are the lower and upper bounds for the 95% intervals of confidence.
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Variable 2 3
1 Effectiveness knowledge new 0.86 0.21
scale
2 | Effectiveness knowledge 0.40%** 0.36 0.36
established scale
3 | Environmental attitude 0.16* 0.19%* 0.66.
4 | High-impact PEB 0.26** 0.17** | 0.51%**
*p <001
b < 0.001.

Figures below the diagonal are uncorrected Pearson correlations, while those above the
diagonal are corrected for measurement error attenuation, using the ratio between the
observed correlation and the square root of the product of the two reliabilities (cf. Charles,

2005).





OPS/images/fpsyg-15-1347407/fpsyg-15-1347407-t003.jpg
Effectiveness knowledge new scale Effectiveness knowledge
established scale

Version without Version with merged Optimized
adjustments categories version

Number of items A4 20 16 29
Rasch model type PCM PCM PCM RM
Person separation reliability 0469 0.564 0.655 0.329
Descriptive statistics
Items
Difficulty B: M (SD) 0(0.87) 0(1.02) 0 (1.04) 0(1.33)
Threshold parameter §: M 0.13 (0.86) 0.12(1.03) 0.16 (1.07) -
(SD)
Persons
Ability 6: M (SD) 026 (0.37) 0.29(0.59) 0.36 (0.76) 057 (0.55)
Fit statistics
Items
Infit MSQ: M (SD) 0.98 (0.07) 0.97 (0.09) 0.97 (0.08) 0.98 (0.06)
Infit MSQ: min; max 0.83; 1.10 0.82;1.10 0.83; 1.09 0.90; 1.09
Infit :M (SD) —0.28(1.21) —0.21(1.62) —0.45 (1.36) —0.25(1.24)
Infit £: min; max —2.46;1.76 —3.34;,2.26 —2.85;1.83 —3.23;2.16
Persons
Infit MSQ: M (SD) 0.94 (0.31) 0.95(0.25) 0.94(0.30) 0.98 (0.21)
Infit £:M (SD) —0.17 (0.99) —0.16 (0.90) —0.14 (0.91) —0.09 (1.01)
Persons with poor fit (z > 1.80% 0.72% 0.72% 2.88%
1.96)

All results for correlations and regression analyses reported for the new effectiveness knowledge scale are for the optimized version of the scale, denoted in bold in this table.
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Ranking tasks Single-choice-tasks

2[2. I 4 ltem OP. 1P
EKO1 2 8 8 31 69 97 63 EK13 8 270
EK02 4 8 15 28 78 81 64 EK14 217 61
EKO03 14 2 0 4 12 35 211 EK15 171 107
EKO04 3 2 24 47 67 92 43 EK16 116 162
EK05 0 2 0 2 16 231 27 EK17 227 51
EK06 1 0 o0 o0 8 149 120 EK18 167 111
EK07 2 2 3 6 30 99 137 EK19 165 113
EK08 5 0 o0 4 14 73 182 EK20 170 108
EK09 2, 2 42 114 65 38 15 EK21 141 137
EK10 1 9 7 52 86 86 37 EK22 102 176
EK11 19 20 29 35 39 44 92 EK23 160 118
EK12 7 5 15 24 63 100 64 EK24 31 247
EK25 0 10 11 9 67 118 63 EK26 5 273

P. denotes points.

Categories with few participants (N<20) are shown in italics, and categories with no participants are shown in bold. These categories were merged with adjacent categories, starting from the
bottom (i.e., at zero points). The gray background indicates which categories have been merged.

For item EK25, the three-point category was merged with the two categories below it. The six-point category for item EK09 was initially left unchanged. The dichotomous items EK13 and EK26
were removed from the scale because fewer than 20 people had scored zero points.
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Educational level Absolute

Low (no qualification for higher education)

Still at school 4 1.45%

Secondary school certificate (Realschulabschluss 6 2.17%

or equivalent)

Completed professional training/apprenticeship 18 6.52%

Medium (qualified for higher education)

Vocational baccalaureate, advanced technical 7 2.54%

college entrance qualification

High school diploma, university entrance 99 35.87%
qualification

High (university degree)

Bachelor 61 22.10%
Master or equivalent (Diplom, Magister or 69 25.00%
Staatsexamen)

PhD 12 4.35%

<1.000€ 50 18.12%
1.000 € to <2.000€ 51 18.58%
2.000 € to <3.000€ 42 15.22%
3.000 € to <4.500€ 42 15.22%
4.500 € to <6.000€ 26 9.42%

More than 6.000€ 12 4.35%

Not stated 53 19.20%
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Group M £ SD t (df)
Belief in climate High 9.18 £0.89 24.65 (841.85) <0.001
change
Low 757124
Belief in human High 865+ 1.06 | 22.64(847.08) | <0.001
causation
Low 6.89 £ 146
Climate change High 8.83+ 1.01 30.34 (862.15) <0.001
worry
Low 6714137
Risk perceptions High 8834084 | 29.49(90029) | <0.001
of climate change
Low. 7.11% 1.07
Discussions High 7.32+£192 11.79 (1167) <0.001
Low 5944207
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Gender —0.02 0.15 0.56 —0.02 0.12 0.44 —0.01 0.08 0.54
Age 0.03 0.01 0.46 0.01 0.01 0.77 0.00 0.01 0.94
Place of residence 0.00 0.25 0.96 0.00 0.20 0.99 0.00 0.14 0.95
Income 1 —0.27 0.47 0.00 —0.14 0.38 0.01 0.04 0.27 0.30
Income 2 —0.12 0.41 0.17 —0.10 0.33 0.14 0.06 0.24 0.26
Income 3 —0.14 0.39 0.17 —0.13 0.32 0.10 0.04 022 0.54
Income 4 —0.10 0.41 0.23 —0.07 0.33 0.31 0.05 0.23 0.34
Education 1 0.12 0.60 0.01 0.05 0.48 0.16 0.03 0.34 0.25
Education 2 0.14 0.37 0.02 0.06 0.30 0.16 0.04 0.21 0.19
Education 3 0.18 0.28 0.00 0.09 0.22 0.05 0.07 0.16 0.02
Personal response efficacy 0.29 0.07 0.00 0.13 0.05 0.00
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Variables (1) (2) (3) (4) (5) (6)

Pro- Pro- Pro- Pro- Pro- Pro-
environmental environmental environmental environmental environmental environmental
behaviors behaviors behaviors behaviors behaviors behaviors
Attitudes toward 0.280* 0.139** 0.292* 0.162*
the environment
(0.0464) (0.0357) (0.0476) (0.035)
Awareness of 0.120% 0.159* 0.485*
environmental
problem (0.107) (0.0805) (0.068)
Cognitive control 1.426 2562 1.823 2294 1.356 2341
(0222) (0.432) (0.302) (0.592) (0.142) (0322)
Attitudes toward 0.365%"* 0.373**
the environment x
cognitive control (0.0994) (0.0763)
Awareness of 17347 1.935%*
environmental
problle}'n X (0.264) (0.192)
cognitive control
Education 0.290%* 0.328%* 0324
(0.0237) (0.0224) (0.030)
Age —0.0184** —0.0176"* —0.040***
(0.00295) (0.00282) (0.0038)
Gender (1= 0.517*+* 0.394*** 0.478"*
female)
(0.0413) (0.0402) (0.0614)
Preference toward 0.536** 0.595%* 0.453"*
spending time
outdoors (0.0552) (0.0540) (0.0418)
Self-rated health 0.0551 0.0394 0.1081
status
(0.0276) (0.0263) (0.0337)
Sedentary activities —0.760"* —0.883" —0.720"
(1= yes; otherwise
=0) (0.0623) (0.0625) (0.0621)
Constant 3.726" 4158 4.135% 4.158"* 3.726" 46507
(0.185) (0.348) (0.311) (0.348) (0.185) (0.351)
Observations 309 309 309 309 309 309
Re-squared 0.098 0.109 0258 0255 0.091 0.260

The variables for the Attitudes, Awareness and Cognitive control are mean-centered. Note that in a regression model with an interaction, the other predictors’ estimates are only valid for the
case that the interaction is zero. Thus, the effect of “Attitude toward the environment” and “Awareness of environmental problem” are only valid if “Cognitive control” is zero (and vice versa).
The important aspect of this model, however, is the significant interaction between the awareness and cognitive control as well as between attitudes and cognitive capacity. Standard errors in
parentheses; ***p < 0.01, **p < 0.05,*p < 0.1.
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Variables (&) ()

Cognitive Cognitive
control control
Mean PET index —0.0500"*
(0.00210)
Mean WBGT index —0.0224**
(0.00750)
Education 0.0113 0.00497
(0.00623) (0.00625)
Age —0.00751*** —0.00786***
(0.000787) (0.000851)
Gender (1 = female) 0.0248 0.0214
(0.0113) (0.0175)
Preference toward 0.0211*** 0.0173***
spending time outdoors
(0.004) (0.0050)
Self-rated health status 0.0249** 0.0215"*
(0.00713) (0.00708)
Sedentary activities (1 = —0.0887** —0.0961***
yes; otherwise = 0)
(0.0134) (0.0148)
Constant 0.254* 0.164™*
(0.106) (0.0212)
Observations 309 309
R-squared 0.133 0.169

Standard errors in parentheses ***p < 0.01, *p < 0.05,*p < 0.1.
PET, Physiological Equivalent Temperature; WBGT, Wet Bulb Globe Temperature.
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Variable df TLI CFI RMSEA (9

(el)}
Measurement model
One factor model 343341 405 848 0.64 0.67 0.15 (0.14, 0.15) 0.09
Two factor model 3,370.69 404 834 0.65 0.67 0.15 (0.14, 0.15) 0.09
Three factor model 3,112.48 402 7.74 0.68 0.70 0.14 (0.14, 0.14) 0.08
Proposed first order model 793.97 360 221 0.94 0.95 0.06 (0.05, 0.07) 0.05
Structural model
Proposed 993.27 391 2.54 0.93 0.93 0.07 (0.06, 0.07) 0.07
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Characteristic Socio-demographic Freque
Gender Male 621 (53.1%)
Female 548 (46.9%)
Place of residence Rural 130 (11.1%)
Urban 1,039 (88.9%)
Income (RMB Under 2,000 160 (13.7%)
Yuan/Month)
2,000-4,999 260 (22.2%)
5,000-9,999 517 (44.2%)
10,000-19,999 195 (16.7%)
Above 20,000 37 (3.2%)
Education Middle school and below 21 (1.8%)
High school/secondary 106 (9.1%)
Bachelor’s degree/junior 952 (81.4%)

college

Graduate students

90 (7.7%)
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Scale

ltem

Perceived corporate environmental responsibility (PCER)

PCER 1 Environmental issues are integral to the strategy of the organization. 0.82

PCER 2 This organization takes great care that our work does not hurt the environment. 091

PCER 3 The organization achieves its short-term goals while staying focused on its impact on the environment. 0.94

Pro-environmental job resources (P-E JRes)

Pro-environmental involvement

P-Elnv1 I get enough opportunities to be involved in initiatives aimed at improving our environmental impact. 0.70

P-Elnv2 I have opportunities to suggest ways to improve our environmental sustainability and environmental impact. 0.96

P-Elnv3 1 have opportunities to offer ideas about how to improve our environmental performance. 097

Pro-environmental information

P-E Info 1 Iam clearly informed about the reasons underlying proposed environmental sustainability initiatives. 0.85

P-E Info 2 Tam informed about our organization’s environmental objectives. 0.88

P-EInfo 3 Information I receive adequately answers any questions I may have regarding the impact our organization has on the 0.83
environment.

Pro-environmental supervisor support

P-ESS1 The person I report to is supportive of environmental sustainability. 075

P-ESS2 The person I report to is helpful to me in learning about how to work in a more environmentally sustainable way. 096

P-ESS3 The person I report to actively encourages me to come up with ways to work in a more environmentally sustainable way. 0.93

Co-worker support

P-E CoSup 1 My co-workers are helpful to me in learning about how to work in a more environmentally sustainable way. 092

P-E CoSup 2 My co-workers actively encourage me to come up with ways to work in a more environmentally sustainable way. 0.90

P-E CoSup 3 My co-workers believe it is important that our work is as environmentally sustainable as possible. 0.74

Pro-environmental psychological capital (P-E PsyCap)

Pro-environmental hope

P-EHope 1 There are lots of ways around any environmental sustainability problems that I am now facing. 0.74

P-E Hope 2 Right now, I see myselfas being pretty successful at environmental sustainability. 0.79

P-E Hope 3 1 can think of many ways to reach my goals for environmental sustainability. 076

Pro-environmental optimism

P-E Opt 1 I usually feel positive when thinking about environmental sustainability and this organization. 091

P-E Opt 2 I think things will work out well regarding environmental sustainability in this organization. 0.94

P-EOpt 3 T am optimistic about environmental sustainability in this organization. 0.92

Pro-environmental resilience

P-E Res 1 Dealing with difficult environmental sustainability issues at work enables me to learn and develop. 0.80

P-E Res 2 I find ways to handle any difficulties associated with environmental sustainability at work 0.83

P-ERes 3 I bounce back when I confront environmental setbacks at work. 071

Pro-environmental self-efficacy

P-E SEff 1 Tam confident of my ability to implement any environmental initiatives that the organization promotes. 0.81

P-E SEff 2 1 feel confident I can work through problems at work to find solutions regarding environmental sustainability. 0.93

P-E SEff 3 I feel confident contributing to discussions about environmental sustainability. 073

Pro-environmental engagement (P-E Eng)

P-EEng1 Tam enthusiastic about environmental sustainability initiatives in this organization. 076

P-EEng2 I feel positive about the environmental sustainability implications of my job. 0.87

P-EEng3 I strive as hard as I can to contribute positively to environmental sustainability initiatives in this organization. 0.67
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Variable M SD a

1. PCorpEnvResp 4.07 162 0.92

2. P-E Super Spt 4.07 155 0.63 0.91

3. P-E Cowkr Spt 417 146 052 0.68 0.89

4.P-E Involvement 3.68 161 0.60 0.67 0.60 0.90

5. P-E Information 392 158 0.69 0.63 055 0.68 0.89

6.P-E Hope 448 116 045 051 043 043 045 0.81

7.P-E Resilience 4.63 116 052 059 053 0.49 050 0.60 0.82

8. P-E Optimism 432 161 078 0.66 0.60 0.67 0.72 0.49 0.61 0.95

9. P-E Self-Efficacy 478 130 0.40 0.45 045 0.42 0.44 053 0.56 0.48 0.86
10. P-E Engagement | 4.48 139 0.66 0.62 059 0.56 0.60 0.56 0.69 0.75 047 0.82

Cronbach’s alpha reliabilities are shown in bold on the diagonal.
All correlations are significant at p < 0.01.

P-E, Pro-Environmental; PCorpEnvResp, Perceived Corporate Environment Responsibility; Super Spt, Supervisor Support; Cowkr Spt, Co-worker Support.
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Regression on PEBS-conservation (total R?

Demographics (R*=0.03) | Age ~010
Gender ~025
Personality traits BIG-5 Conscientiousness. 007
BIG-5 Openness 009
BIG-5 Neuroticism 007
BIG-5 Extraversion -0.10
BIG-5 Agreeableness 006
Environment-related Nature connectedness 020
dispositions (R*=0.04) ' Ayjtude to explore 0.04
Spatial anxiety ~0.09
Regression on PEBS-citizenship (total R? = 0.11)
Demographics (R*=0.00) | Age 001
Gender ~0.02
Personality traits BIG-5 Conscientiousness ~005
BIG-5 Openness o1
BIG-5 Neuroticism 009
BIG-5 Extraversion 004
BIG-5 Agreeableness ~001
Environment-related Nature connectedness 022
dispositions (R*=006) | Aytude to explore 018
Spatial anxiety 008

Regression on PEBS-food (total R? = 0.12)

Demographics (R*=0.07) | Age 003
Gender ~054
Personality traits BIG-5 Conscientiousness ~0.02
BIG-5 Openness 012
BIG-5 Neuroticism 008
BIG-5 Extraversion ~0.07
BIG-5 Agreeableness 0.08
Environment-related Nature connectedness 004
dispositions (R =0.01) | Aqitude to explore 0.10
Spatial anxiety 000

Regression on PEBS-transportation (total R? = 0.10)

Demographics (R =0.03) | Age —0.13
Gender —0.05
Personaliy traits BIG-5 Conscientiousness ~0.14
BIG-5 Openness 013
BIG-5 Neuroticism ~0.10
BIG-5 Extraversion ~001
BIG-5 Agrecableness ~004
Environment-related Nature connectedness 0.03
dispositions (R*=0.02) | Autude to explore 013
Spatial anxiety 0.00

Regression on PEBS-purchasing (total R? = 0.18)

Demographics (R* =0.05) | Age 0.00
Gender —0.42
Personaliy traits BIG-5 Conscientiousness 002
BIG-5 Openness 0.19
BIG-5 Neuroticism 0.08
BIG-5 Extraversion ~004
BIG-5 Agreeableness ~0.01
Environment-related Nature connectedness 0.19
dispositions (R*=0.06)  Argitude to explore 018
Spatial anxiety 0.02

Coefficients significant with p < 0.001 in bold type.
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Variable name Variable sy

Green total factor . Enterprise green total factor productivity measured by GML index on the basis of the SBM directional distance
productivity function
Word frequency of words involving digital transformation feature words in corporate annual reports plus one to take
Digital transformation | DCG
logarithms
Enterprise size Size ed assets are taken as the logarithm
Enterprise age Age Observed year minus establishment year plus one is taken as the logarithm
Asset-liability ratio Lev Total liabilities/Total assets
Profitabilty Net profit/Total assets

Capital expenditure Cash paid by enterprises for purchasing fixed assets, intangible assets, and other long-term assets/Total assets

Operating cost ratio Cost Total operating costs/Total operating revenues

Shareholding

concentration

Share Shareholding ratio of top ten shareholders

Nature of ownership SOE State-owned enterprises are 1, otherwise take 0
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3,107 1133 0.192 0511 2771

3,107 0392 0.727 0.000 4111

Size 3,107 21816 1598 13.755 26921
Age 3,107 2822 0325 109 3738
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Variable

DCG 0.0569%* 00539+ ~0.0038%++ ~00177%%+
(0.0265) (0.0229) (0.0010) (0.0031)

_cons —4.1967%%% 34651 0.1893%#% ~0.2637%++
(0.4337) (0.3661) (0.0213) (0.0689)

Control variables YES YES YES YES

FE YES YES YES YES

Observations 3,107 3,107 3,107 3,107

AdjR 04036 03201 04772 05726
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Variable (1) (2) (3)

4 (5) (6)
State-owned Non-state- High-tech Non-high- Eastern Central and
enterprises owned industries tech industries region western
enterprises regions
DCG 0.0196%* 00297+ 00156+ 0.0307%+ 0.0344%% 0.0088
(0.0079) (0.0074) (0.0064) 00116 (0.0070) (0.0093)
_cons 17120%%% 12172%%% 12091%%% 241590+ 13609+ 176067
(0.1146) (0.1545) (0.1088) (0.1751) (0.1223) (0.1470)
Control variables YES YES YES YES YES YES
FE YES YES YES YES YES YES
Observations 2107 1,000 1840 1267 1,617 1490
AdiR 0.4096 05042

03787 0.4647 0.4008 0.4084
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0.0426*

(0.0248)
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(0.0916)
YES
YES
3,107

0.3861

00710

(0.0734)

1.6060%+*
(0.0916)
YES
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00613
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Variable

DCG 00681+ 0023455 0.0230%%%
(0.0060) (0.0061) (0.0058)
~00225%+
(0.0034)
Age 00261
(0.0136)
Lev 0.0547%%
(0.0219)
ROA 0.0982
(0.0902)
Capital ~02591%%
(0.0562)
Cost ~0.1576%*
(0.0514)
Share 0.0007%%
(0.0003)
SOE 0.0093
(0.0072)
_cons 11060+ 112350+ 1.6282%%%
(0.0036) (0.0034) (0.0904)
Province FE NO YES YES
Industry FE NO YES YES
Year FE NO YES YES
Observations 3,107 3,107 3,107
AdjR® 0.0662 03694 03903

k%, #% % represent significant at the 1%, 5%, and 10% levels, respectively; robust standard errors are in parenthesis; same below.
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Variable

0,046+
DCG
(0.0145)
07103+
DCG_IV
(0.0498)
Control variables YES YES
FE YES YES
Observations 3,107 3,107
1690574+
Kleibergen-Paap rk LM statistic
[0.000]
2544474+
Cragg-Donald Wald F statistic
{16380}

Same as Table 3. The value in (] is p value, and the value in {} is the critical value corresponding to the Stock-Yogo test at the 10% level.
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Variable (2) (2) (3) (4) (5)

Replacing the Replacing Explanatory Replacing the Adjusting the
explanatory explained variable lagged  estimation model estimation
variable variable treatment sample
0.0900%*
DIG
(0.0385)
002164+ 0.0094%% 00609+
DCG
(0.0059) (0.0036) (0.0112)
0019955
LDCG
(0.0065)
15896+ 1.7956++% 1.6990%+% 08219+ 16939%+%
_cons
©.0915) (0.0896) (0.1020) (0.1232) (0.2347)
Control variables YES YES YES YES YES
FE YES YES YES YES YES
Observations 3,107 3107 2,868 3,107 885

AdjR® 0.3860 04169 03780 0.3867
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