[image: image1]Using nature-based citizen science initiatives to enhance nature connection and mental health

		ORIGINAL RESEARCH
published: 18 February 2025
doi: 10.3389/fenvs.2025.1461601


[image: image2]
Using nature-based citizen science initiatives to enhance nature connection and mental health
Rachel R. Y. Oh1,2*, Andres F. Suarez-Castro3, Richard A. Fuller4, Michael Tervo5, Kevin Rozario1,2,6,7, Birte Peters1,2, Shawan Chowdhury1,2,6,8, Julia von Gönner1,2,6, Martin Friedrichs-Manthey1,2,6, Ambros Berger9, Tracy Schultz4, Angela J. Dean4,10, Ayesha Tulloch11 and Aletta Bonn1,2,6
1Helmholtz Centre for Environmental Research – UFZ, Department of Biodiversity and People, Leipzig, Germany
2Department of Biodiversity and People, German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Leipzig, Germany
3School of Environment and Science, Australian Rivers Institute, Griffith University, Nathan, QLD, Australia
4School of the Environment, The University of Queensland, Brisbane, QLD, Australia
5Queensland Trust for Nature, Brisbane, QLD, Australia
6Institute of Biodiversity, Friedrich Schiller University Jena, Jena, Germany
7Wilhelm Wundt Institute for Psychology, Leipzig University, Leipzig, Germany
8Faculty of Environmental Sciences, Czech University of Life Sciences Prague, Prague, Czechia
9Department of Landscape, Spatial and Infrastructure Science, Institute of Statistics, University of Natural Resources and Life Sciences, Vienna, Vienna, Austria
10School of Agriculture and Food Sustainability, The University of Queensland, Brisbane, QLD, Australia
11School of Biology and Environmental Science and Resilience Centre, Queensland University of Technology, Brisbane, QLD, Australia
Edited by:
Rui Leandro Maia, Fernando Pessoa Energy, Environment and Health Research Unit (FP-ENAS), Portugal
Reviewed by:
Diogo Guedes Vidal, University of Coimbra, Portugal
Marina Prieto Afonso Lencastre, Fernando Pessoa University, Portugal
* Correspondence: Rachel R. Y. Oh, r.oh@uq.edu.au
Received: 08 July 2024
Accepted: 13 January 2025
Published: 18 February 2025
Citation: Oh RRY, Suarez-Castro AF, Fuller RA, Tervo M, Rozario K, Peters B, Chowdhury S, von Gönner J, Friedrichs-Manthey M, Berger A, Schultz T, Dean AJ, Tulloch A and Bonn A (2025) Using nature-based citizen science initiatives to enhance nature connection and mental health. Front. Environ. Sci. 13:1461601. doi: 10.3389/fenvs.2025.1461601

The global rise in mental health issues underscores the critical importance of assessing the mental health benefits of engaging with nature. Beyond their primary aim of involving citizens in scientific data collection, nature-based citizen science initiatives offer significant potential for enhancing outcomes related to conservation (e.g., connection to nature) and human health and wellbeing (e.g., emotions, depression, stress, anxiety). However, the effectiveness of various types of initiatives in achieving specific outcomes remain unclear. This study evaluates changes in eight outcomes related to nature connection and health and wellbeing before and after participation in five initiatives in Australia and Germany. These initiatives varied in ecosystem type (urban parks, terrestrial forests and freshwater streams) and the participation duration (from 15 min to 48 h). We assessed three dimensions of connection to nature (Self, Experience and Perspective) measured by the Nature-Relatedness scale, mental health outcomes (symptoms of depression, stress and anxiety) using the DASS-21 scale, and emotional states (positive and negative emotions) using the Scale of Positive and Negative Experience (SPANE). We found that while participants generally reported improvements across all measured outcomes, only participation in the Queensland Trust for Nature initiative, characterized by its extended duration and social interactions, demonstrated statistically significant enhancements in mental health and emotions after controlling for socio-economic confounders. These findings suggest that while short-term nature-based interventions can effectively alleviate anxiety and stress symptoms and boost emotions, significant changes in nature connection and depression may require more intensive interventions than what is available through typical citizen science experiences. We advocate for reframing nature-based initiatives as integral components of broader health-promoting strategies. By aligning citizen science efforts with health promotion frameworks, these initiatives can achieve greater impact and simultaneously advance scientific understanding, support conservation strategies while improving human health.
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1 INTRODUCTION
In recent decades, citizen science initiatives aimed at crowd-sourcing biodiversity data have expanded in scale and scope. These initiatives engage the public in scientific research and knowledge production, and have become a well-developed and valued approach with global applicability across various scientific disciplines (Fraisl et al., 2020; Kullenberg and Kasperowski, 2016). Advancements in digital technologies and increasing literacy rates have played a pivotal role in empowering individuals to contribute to scientific knowledge creation, fostering the growth of citizen science initiatives (Aristeidou and Herodotou, 2020). As such, citizen science data has emerged as a vital source of biodiversity information (Fritz et al., 2019) as they bridge important temporal and spatial knowledge gaps (Bradter et al., 2018; La Sorte and Somveille, 2020). These data are widely used to monitor biodiversity changes (Forister et al., 2021), inform on-the-ground species management strategies (Beninde et al., 2023), and to understand ecological processes and species interactions (Groom et al., 2021). For example, eBird, a global citizen science initiative has provided bird biodiversity data instrumental in modelling species’ distributions, abundances, and temporal changes (Fink et al., 2020).
Beyond contributing valuable biodiversity data, engagement in biodiversity citizen science initiatives also offers benefits for participants’ personal wellbeing and indirectly strengthens conservation outcomes. For instance, participation has been associated with enhanced wellbeing through enjoyment of the activity, improved scientific literacy and opportunities for social connection with like-minded individuals (Peter et al., 2021). These activities have been shown to increase environmental and/or scientific knowledge in both adults (Peter et al., 2021) and children (Kelemen-Finan et al., 2018), and strengthen collective action to conserve natural ecosystems (Dean A. J. et al., 2018; Von Gönner et al., 2024). Engagement could also strengthen participants’ connection to nature (Pocock et al., 2023), which is an important driver of active participation in conservation efforts (Whitburn et al., 2020).
From a health perspective, biodiversity citizen science initiatives can be considered a form of nature-based health intervention―programs or strategies designed to enhance health and wellbeing through engagement with natural elements such as vegetation and water bodies (Shanahan et al., 2019). These initiatives encompass a diverse range of activities, ranging from horticulture and sea swimming, to wilderness programs (Hunter et al., 2019) and have shown great potential for improving mental health (Coventry et al., 2021). In fact, the growing interest in nature-based interventions reflects the global mental health crisis (Van Den Bosch and Ode Sang, 2017), and the substantial healthcare cost savings provided by nature areas, estimated at US$6 trillion annually (Buckley et al., 2019). Urban and public health authorities increasingly recognized the importance of accessible green and blue spaces as proactive health measures (Maller et al., 2006). For example, England’s Environmental Improvement Plan aims to ensure everyone lives within a 15-min’ walk of a green or blue space (Natural England, 2024), while Belgium’s “Green Deal for Sustainable Healthcare” promotes integrating nature into healthcare infrastructure (Department of Omgeving, 2024). However, biodiversity citizen science initiatives differ from general nature-based interventions in their objectives and outcomes. While both leverage the benefits of natural environments, biodiversity citizen science initiatives actively engage participants in contributing data and generating scientific knowledge that advances research. In contrast, nature-based interventions priortize experiential engagement with nature, focusing on wellbeing without producing scientific outputs.
Given that most biodiversity citizen science initiatives require outdoor participation for data collection, they typically foster health-promoting behaviors in nature such as physical exercise through walking and hiking (Biddle et al., 2019; Warburton et al., 2006) or help reduce stress and enhance cognitive function (Jimenez et al., 2021). The inherently social and collaborative nature of these initiatives further fosters social connections, reducing social isolation―an essential component of building long-term mental resilience and health (Jordan et al., 2011). These characteristics position biodiversity citizen science initiatives as a valuable opportunity for healthcare systems—including organizations, resources, and professionals—to broaden their range of lifestyle interventions to integrate nature-based solutions to promote human health (Britton et al., 2020). The dual benefits of supporting conservation and enhancing wellbeing have gained recognition from conservation organizations (Carr and Hughes, 2023) and global biodiversity and human health policy platforms (IPBES, 2019), highlighting the potential of these initiatives to advance both biodiversity and societal health objectives. By emphasizing health and wellbeing in their recruitment strategies, citizen science initiatives can attract a broader demographic, engaging individuals beyond those already interested in environmental conservation, thus amplifying their societal impact.
There is a pressing need to comprehensively investigate whether engagement in citizen science initiatives influence nature connection and associated health outcomes, given the weak evidence base (Oh et al., 2024). While prior studies have identified potential benefits, the specific components (of initiatives) driving these outcomes remain unclear because of variations in duration of nature exposure, and the use of different tools to assess outcomes. For instance, participation in a 10-min activity, repeated five times over 8 days, was linked to strengthened nature connection, increased happiness, and greater life satisfaction (Pocock et al., 2023) while a 15-min butterfly count was associated with strengthened nature connection and reduced anxiety (Butler et al., 2024). In contrast, no significant changes in nature connection was observed following a 30-min bee count (Ganzevoort & Van Den Born, 2021), or 8 months engagement (Eichholtzer et al., 2023), suggesting that outcomes may depend on factors beyond activity duration, such as social interactions and depth of engagement (Ganzevoort & Van Den Born, 2021; Lynch et al., 2018).
In this study, we employed a before-and-after design to evaluate how participation in five distinct nature-based citizen science initiatives―varying in duration and intensity of participants’ engagement, and ecological focus―affects outcomes related to nature connection and mental health. Understanding which aspects of citizen science initiatives enhance nature connection and health outcomes is crucial for designing initiatives that achieve dual objectives: promoting human wellbeing while advancing biodiversity research and conservation.
2 MATERIALS AND METHODS
2.1 The five nature-based citizen science initiatives
We compared five nature-based citizen science initiatives (Figure 1), comprising four initiatives based in Germany (Exploring Streams, Creating Knowledge Together―FLOW; Freshwater Detectives; VielFalterGarten―Many Butterfly Gardens; and Pflanze KlimaKultur!―Plant Climate Culture!) and one from Australia (Queensland Trust for Nature―QTFN). Each initiative featured distinct characteristics in participant engagement and data collection approaches. Data collection events varied in average duration, ranging from 15 min to 48 h, with participants engaging in only one initiative. Biodiversity data for all initiatives was collected individually, except for FLOW and QTFN, where the data was collected collaboratively as a group. Additional details of these variations are presented in Figure 1 and Supplementary Table S1. Despite a shared focus on collecting biodiversity and environmental data using standardized methods across diverse ecosystems such as unmanaged nature, freshwater streams, canals and urban greenspaces, each initiative is unique in how the collected data are used to inform conservation efforts (Figure 1; Supplementary Table S1). For example, biodiversity data from the Germany-based initiatives were submitted directly to researchers via tailored apps and recording schemes, while the Australian-based initiative used iNaturalist as the reporting platform (Supplementary Table S1).
[image: Figure 1]FIGURE 1 | An overview of the five nature-based citizen science initiatives, encompassing four initiatives based in Germany (Exploring Streams, Creating Knowledge Together―FLOW; Freshwater Detectives; VielFalterGarten―Many Butterfly Gardens; and Pflanze KlimaKultur!―Plant Climate Culture!) and one from Australia (Queensland Trust for Nature―QTFN). Each data collection event (depicted by the white ring) varied in average duration, ranging from 15 min to 48 h. Each initiative is unique in the ecosystem and taxa studied, which varied from freshwater streams and canals, to unmanaged and urban greenspaces, and how the collected data is used to inform conservation efforts (innermost circle). The biodiversity data contributions from initiatives are detailed in Supplementary Table S1.
2.2 Participant recruitment and study design
Participants were recruited through public outreach by research and initiative partners, supplemented by social media promotion. Participation was open to all adults aged 18 years and above, with no screening criteria or prerequisites. This study was conducted in accordance with the Declaration of Helsinki, ethical guidelines provided by the University of Griffith Institutional Human Research Ethics (Reference Number: 2023/190) and the UFZ Datenschutz (Data Protection Committee) at the Helmholtz-Zentrum für Umweltforschung GmbH–UFZ (Approval: 08132024).
Surveys were administrated across five nature-based citizen science initiatives in Australia and Germany between March and November 2023. In-person surveys were administered immediately before participants began their participation in the initiative, and again immediately afterward, prior to their departure from the venue. Each participant provided informed consent by ticking a consent box before survey commencement. The full surveys administrated included the Nature-Relatedness scale (Nisbet et al., 2009), the Depression, Anxiety and Stress Scale (DASS-21; Lovibond and Lovibond, 1995), the Scale of Positive and Negative Experience (SPANE; Diener et al., 2009) and additional questions on individual nature experiences and socio-economic status. We describe these measures in more detail in Section 2.3, while the full surveys are available in the Supplementary Material (Supplementary Appendices B, C).
2.3 Response variables (nature connection and mental health and wellbeing)
We assessed outcomes related to individuals’ nature connection and mental health and wellbeing, described in detail below.
2.3.1 Connection to nature
Participants assessed their connection to nature using the Nature-Relatedness scale (Nisbet et al., 2009). Participants were invited to rate a set of 21 statements using a five-point Likert scale ranging from 1 (disagree strongly) to 5 (agree strongly). This scale captures three dimensions of an individual’s relationship with nature―experiential (NR-Experience), which indicates physical familiarity with, and attraction to, nature (e.g., “I enjoy being outdoors, even in unpleasant weather”; affective (NR-Self), which assesses how strongly one identifies with nature (e.g., “My relationship to nature is an important part of who I am”); and cognitive (NR-Perspective), which indicates one’s personal attitude and behaviors towards the environment (e.g., “Conservation is unnecessary because nature is strong enough to recover from any human impact”).
While a composite score across all 21 statements provides an overall measure of nature connection, we analyzed these dimensions separately to better understand how participation could shape three different elements of connection, such as physical proximity to nature (e.g., by being outside and physically immerse in nature) or a deeper psychological connection (e.g., a sense of feeling as part of nature; Butler et al., 2024). Moreover, a meta-analysis has suggested that while physical exposure to nature can enhance indicators of mental wellbeing, it is the psychological connection with nature that has a stronger influence on conservation behaviors (Barragan-Jason et al., 2023).
2.3.2 Mental health
We assessed the severity of depression, anxiety and stress symptoms experienced before and after engagement using the Depression, Anxiety and Stress Scale (DASS-21), a standardized global self-reporting questionnaire (Lovibond and Lovibond, 1995). Participants rated 21 statements on a four-point Likert scale (‘0 – Not applicable to me’, ‘1 = Applicable some of the time’, ‘2 = Applicable for a good part of time’, and ‘3 = Applicable for most of the time’). Within these statements, three sets of seven statements measured symptoms of depression such as feelings of disinterest and inertia, anxiety such as situational anxiety and subjective experiences of anxious effects and stress such as having difficulty relaxing, nervous arousal, and irritability. While the DASS-21 is typically used to assess mental health symptoms over extended periods (weeks or months), our choice to employ it in this context was deliberate. We intend to evaluate through a follow-up study, the cumulative benefits of repeated participation in initiatives to understand if brief interventions could foster incremental and sustained positive changes. Moreover, prior studies have demonstrated the sensitivity of DASS-21 in detecting short-term changes within similar nature-based interventions (e.g., Raman et al., 2021).
2.3.3 Wellbeing (positive and negative affect)
We assessed participants’ broad range of experiences and feelings using the Scale of Positive and Negative Experience (SPANE; Diener et al., 2009)). Participants were invited to indicate the frequency with which they experienced six positive (e.g., happy, contented) and six negative emotions (e.g., angry, sad) before and after participating in the citizen science initiative. There were five response options for each emotion, ranging from “very rarely or never” to “very often or always. We chose the SPANE over the Positive and Negative Affect Scale (PANAS; Watson et al., 1988) as it offered a more balanced range of emotions in terms of arousal, and is sensitive to differences across cultures and contexts (Diener et al., 2009). Prior studies such as White et al. (2019) and Souter-Brown et al. (2021) have demonstrated that even brief nature-based interventions, such as reading a paragraph or spending 30-min in nature, can elicit notable changes in emotions, supporting our use of SPANE.
2.4 Predictor variables (socio-demographic variables)
We collected socio-demographic covariates including age, gender, number of hours worked per week and number of hours spent in greenspaces in the past week, as these have been tied to mental health outcomes and experiences of nature in previous studies (Elliott et al., 2023; Shanahan et al., 2016; White M. E et al., 2023).
2.5 Statistical analyses
We conducted all analyses using R version 4.4.1 (R Core Team, 2024). After excluding incomplete surveys, our analyses included data from 253 completed surveys, representing 91% of 278 received surveys. This comprised 49 surveys (19.4%) from QTFN, 68 surveys (26.9%) from FLOW, 35 surveys (13.8%) from Freshwater Detectives, eight surveys from VielFalterGarten―Many Butterfly Gardens (3.2%) and 93 surveys (36.7%) from Pflanze KlimaKultur!―Plant Climate Culture!
We developed eight global models to assess the relationship between each outcome and its predictor variables. We used cumulative link mixed models (CLMM; ordinal package in R; Christensen, 2023) for eight outcomes―three dimensions of connection to nature (NR-Self, NR-Experience, NR-Perspective); depression, stress and anxiety symptoms (DASS-21); and positive and negative affect (SPANE). We did so as the response variable was ordered, and defined as the change in rating for each statement, which was computed as the rating of statement after participation minus rating of statement before participation. This change could range from −4 to 4 for the dimensions of nature relatedness (NR-Self, NR-Experience, NR-Perspective); −3 to 3 for symptoms of depression, anxiety and stress measured using the DASS-21, and −4 to 4 for positive and negative affect. An improvement after engagement in the nature-based citizen science initiatives was defined as an enhanced connection to nature, a reduction in symptoms of depression, anxiety and stress, fewer negative emotions, and more positive emotions. We chose mixed-effects models as they are well-suited for analyzing longitudinal (pre- and post-measures of outcomes) and clustered (by citizen science initiative) data, and allows the specification of random effects to model variation at different levels (e.g., between participants).
For all models, the predictor variables specified were initiative, age, gender, number of hours worked and number of hours spent in greenspaces, which are summarized in Table 1. All continuous predictors were standardized. For the CLMMs, each respondent was additionally specified as a random intercept. We assessed the goodness-of-fit for CLMMs using the Hessian condition number as per Christensen (2023). Prior to all analyses, multicollinearity was assessed in each global model using the vif function from the car package in R (Fox and Weisberg, 2023), and found no such issues (VIF <3).
TABLE 1 | Description of the response and predictor variables specified in the global models.
[image: Table 1]As it was possible that a different statistical treatment of the response variables (from ordered to continuous) might result in a different set of significant predictors, we then conducted an additional analysis that used generalized linear models instead of CLMMs. We aggregated the responses for each outcome to form a continuous score that provided a measure of an individual’s connection to nature, mental health and wellbeing (as per Diener et al., 2009; Lovibond and Lovibond, 1995; Nisbet et al., 2009). We report these results in the Supplementary Material (Supplementary Table S2; Supplementary Figure S2) given that the significant predictors and direction of relationships with response variables of generalized linear models were generally consistent with the CLMMs.
3 RESULTS
3.1 Overall change in nature connection and mental health and wellbeing
Across all eight outcomes related to nature connection and mental health and wellbeing, the highest percentage of change (in ratings) was observed for negative and positive affect, as well as symptoms of stress (Figure 2, but see Supplementary Figure S1 for a detailed distribution of change in ratings for each citizen science initiative). 55.8% of participants reported lower negative affect, while 42% reported greater positive affect (Figure 2). 47.7% of participants reported lesser symptoms of stress (Figure 2). These results indicate that participants experienced improved mental health and wellbeing outcomes after participating in the nature-based citizen science initiatives. Regardless of whether participants reported a change in mental health and wellbeing, there were consistently more improvements than worsened outcomes, ranging from 1.3 times more improved versus worsened outcomes for NR-Self and NR-Experience (which also had the highest percentage of outcomes categorized as worsened: 13.1% and 12.3%, respectively) to 11.6 times more reports of improved versus worsened outcomes for negative affect. Anxiety exhibited the lowest percentage of outcomes classified as worsened (3.2%).
[image: Figure 2]FIGURE 2 | The percentage change in ratings for each outcome was categorized as improved (colored blue), worsened (colored gold), or remained unchanged (colored grey). The ratings in the improved and worsened categories have been aggregated; to illustrate, changes in ratings under the DASS-21 scale have been aggregated as follows: negative changes (−3, −2, −1) are categorized as “improved,” positive changes (+3, +2, +1) are categorized as “worsened,” and no change (0) is categorized as “unchanged” and refers to no variation in ratings or scores.
3.2 Relationship between citizen science participation and outcome measures
After adjusting for socio-demographic variables, we found that engagement in citizen science initiatives was not consistently associated with an enhanced connection to nature or improved health and wellbeing. Significant predictors were observed for only six outcomes (Figure 3). First, a stronger connection to nature (NR-Experience) was associated with increased time spent in greenspaces (Figure 3A). Second, reductions in depression, anxiety and stress symptoms was associated with participation in the QTFN initiative, while reduced stress symptoms was associated with participation in the FLOW initiative. Reductions in anxiety symptoms was also reported in older participants (Figure 3B). Third, greater positive emotions and lesser negative emotions were linked to QTFN participation, but male participants reported lower positive emotions than female participants (Figure 3C).
[image: Figure 3]FIGURE 3 | The model outputs from the CLMMs, showing the effect sizes and standard errors for predictor variables across the following outcomes: (A) the three dimensions of nature connection (NR-Experience, NR-Self and NR-Perspective); (B) depression, anxiety and stress as measured using the DASS-21; and (C) negative and positive affect. While the effect sizes and standard errors for all predictor variables are presented, only statistically significant predictors (p-value ≤0.05) are marked with a red asterisk (e.g., Age for Anxiety). Effect sizes and standard errors for categorical variables are presented relative to their reference levels: Project (Plant Climate Culture) and Gender (Female).
4 DISCUSSION
4.1 Mental health and wellbeing outcomes vary in size of response to short-term nature-based interventions
Using a consistent assessment method across five nature-based citizen science initiatives, we found that the magnitude of effects varied across the eight measured outcomes. Participants generally reported enhanced nature connection and improved mental health and wellbeing, with the most substantial changes observed in negative and positive emotions, as well as stress symptoms (Figure 2). This suggests that changes in emotions and stress symptoms are more responsive to short-term nature-based intervention than other indicators of wellbeing. This finding aligns with studies suggesting that emotions are preconditions to human behaviors, and shape how we process and responds to external situations (Brosch, 2021; Fredrickson, 2004). As such, emotions and stress outcomes are more responsive to short-term changes compared to other health outcomes such as depression and anxiety, which are influenced by cumulative life experiences, and may persist over time (Kessler and Bromet, 2013). Observing positive influences on depression and anxiety symptoms is therefore likely to require more intensive interventions or lifestyle changes than what is available through typical citizen science experiences (Sarris et al., 2020; Shorey et al., 2022).
Therefore, at the individual level, the efficacy of nature-based (health) interventions is likely maximized when (i) targeting outcomes responsive to short-term interventions such as emotions and stress; and (ii) engaging in these interventions regularly, rather than as one-off events, to ensure sustained benefits over time. At the society or population level, the efficacy of such nature-based interventions is likely better suited to foster and amplify health-promoting behaviors (rather than treating disorders per se), such as increased positive emotions and physical activity, and stronger social connections. These are fundamental building blocks that cultivate resilience (sensu Southwick et al., 2014), vitality and life satisfaction and which contribute to a suite of long-term, tangible and positive physical and mental health outcomes (Alexander et al., 2021; Diener et al., 2017; Fredrickson and Joiner, 2018).
4.2 Nature connection exhibited a ceiling effect
Engagement in citizen science initiatives is often proposed as a means to strengthen individuals’ connection with, and concern for nature (Schuttler et al., 2018). However, our study found significant improvement only in experiential nature connection (NR-Experience; Figure 3A). This could be attributed to two factors. First, a ceiling effect stemming from self-selection bias among participants may have constrained further improvements. As participation was entirely voluntary, it likely attracted individuals with inherently high baseline nature connection. Indeed, the average baseline values observed in our study for NR-Self, NR-Experience and NR-Perspective were 4.1, 4.0 and 4.1, respectively (on a scale of 1–5; Supplementary Table S2). These were notably higher than average population scores reported in prior studies from Australia and Hungary (3.29–3.67, 3.24–3.48 and 3.60–3.87, respectively; Dean J. H. et al., 2018; Zsido et al., 2022). To optimize the impact of citizen science initiative as an intervention, it would be strategic to target individuals with baseline scores below the population average. This approach is likely to maximize the potential for measurable gains in participants’ connection to nature (or other targeted outcomes).
Second, the relationship between people and nature is theorized to mirror personality traits, which exhibit individual variation but remain relatively stable over time and across contexts (Mayer and Frantz, 2004; Nisbet et al., 2009). Consequently, substantial changes in nature connection may require more intensive interventions, such as prolonged and repeated exposure to nature which could be achieved through regular participation in citizen science initiatives. While Whitburn et al. (2023) demonstrated that environmental education fieldtrips can enhance children’s connection to nature, this enhancement was greater for those with higher baseline connection. Given there is a general lack of studies that explicitly assess interventions and demonstrate their effectiveness in strengthening nature connection, we recommend that future studies could consider two approaches: (i) adopting a randomized controlled study design to mitigate self-selection bias to more accurately determine the effects of nature exposure, notwithstanding potentially small effect sizes; and (ii) monitor longitudinal changes in nature connection through repeated assessments of individuals’ connection with nature.
Our findings on nature connection contrast recent quasi-experimental studies that report increased levels of nature connectedness following short-term engagement in citizen science initiatives. For example, Pocock et al. (2023) observed enhanced nature connection and wellbeing among 500 participants who engaged in 10-min citizen science and nature-noticing activities at least five times over 8 days. However, it remains unclear whether these changes were due to engagement in citizen science itself, or simply from being outside the home, as the study was conducted during the 2020 COVID-19 restrictions―a period characterized by high levels of uncertainty, stress, indoor confinement and social isolation. Similarly, White M. P et al. (2023) reported improved nature connection and wellbeing among participants who interacted with birds in their gardens for at least 30 min, while Butler et al. (2024) found comparable results for those who engaged in a 15-min butterfly count. However, both analyses did not fully control for potential confounding effects from demographic differences, despite known variations in nature connection and wellbeing across factors such as age and gender (Dean A. J. et al., 2018; Oh R. R. Y. et al., 2021).
4.3 Trade-offs and synergies in measured outcomes across citizen science initiatives
After controlling for potential socio-demographic confounders, we found significant mental health and wellbeing improvements through engagement in the QTFN initiative (Figures 3B, C), but only reduced stress through participating in the FLOW initiative (Figure 3B). This finding suggests the existence of a critical “threshold” of nature exposure, such as duration, below which health and wellbeing benefits are not realized, but above which tangible benefits become apparent. Engagement in the QTFN initiative lasted 48 h, while that for the other initiatives ranged from 15 min to 4 h. To gain deeper insights into this threshold effect, future studies could therefore employ longitudinal study designs where the same group of participants is exposed to progressive increases in durations of engagement. However, it is essential to recognize that any identified thresholds will likely vary within and between populations (Cox et al., 2017; Oh R. Y. R. et al., 2021; Shanahan et al., 2016; White et al., 2019), influenced by individuals’ baseline levels of health and nature connection, as well as the types of nature exposure and outcomes studied (Oh et al., 2021b).
Second, the observed changes in health outcomes at the conclusion of the initiatives highlight the complex interplay (trade-offs and synergies) of various components underpinning citizen science initiatives, such as the duration and intensity of engagement, and extent of social interactions (Eichholtzer et al., 2023). For example, a 4-h engagement through the FLOW initiative may have sufficed to reduce stress. However, identifying invertebrates to the family level required sustained patience and concentration (Supplementary Appendix A), which may have been demanding for some participants and could have mitigated the activity’s overall positive impact on emotional wellbeing. Conversely, the QTFN initiative demonstrated significant positive changes, likely due to the synergies between the duration and social components inherent to the initiative. Participants in the QTFN initiative engaged with researchers and other volunteers over an entire weekend, in contrast to shorter durations and less-social components of other initiatives. This extended engagement provided greater opportunities for participants to apply acquired research skills in fieldwork, and to engage in problem-solving and idea exchange with a larger group. This aligns with studies highlighting the importance of social interactions within nature-based citizen science initiatives, and how participants’ satisfaction often hinge on fostering teamwork, a sense of community, and personal growth through interactions with like-minded others (Church et al., 2025; Day et al., 2022).
4.4 Considerations for implementation
To harness the full potential of nature-based citizen science initiatives to achieve enhanced outcomes for people and biodiversity, a thoughtful consideration of participant recruitment, and the design of engagement components is essential. Citizen science initiatives like the QTFN, which balances the duration and intensity of engagement with opportunities for extended social interaction, are more likely to yield positive health outcomes in addition to achieving their primary goals of bridging biodiversity data gaps. Rethinking of scientific data collection protocols, such as the duration and frequency of data collection, as measures of participants’ exposure to nature, can provide valuable insights into the health benefits derived from nature-based citizen science engagement (Oh et al., 2024). However, tailored approaches will be needed to assess outcomes-of-interest, and these could range from administrating pre- and post-engagement surveys, to employing holistic frameworks involving health practitioners (Skivington et al., 2021). Future studies could attempt a multi-factorial or longitudinal study design to isolate the influence of individual factors, while accounting for their potential interactions. It is crucial to select scales and tools that are sensitive to cultural and linguistic differences, as well as to the duration of the intervention. Many commonly used tools are designed for Western, high-income, English-speaking contexts, which may limit their applicability in other settings. Ensuring cultural and contextual relevance is essential to obtain valid and meaningful results.
Achieving all scientific and non-scientific project goals to a high standard may prove challenging, but integrating social and health considerations in the goals and design of these citizen science initiatives can unlock new synergies that amplify their utility and impact. Citizen science initiatives can leverage the universal appeal of human health by elevating the health and wellbeing aspects of their recruitment strategies to attract a broader subset of society and diversify participant demographics. Collaborations with health experts can facilitate targeted evaluations of health outcomes, and the processes through which these happen, since these extend beyond the scope of citizen science coordinators. For citizen science coordinators keen to commence these evaluations, the validated scales used in our study (see Supplementary Appendices B, C) provide a valuable starting point for implementation and future research endeavors. By adopting an interdisciplinary approach to evaluation and collaboration, citizen science initiatives can maximize their impact and contribute meaningfully to both scientific understanding and public health agendas.
4.5 Limitations
While we have chosen to retain responses from the VFG project for completeness, we acknowledge that their removal is unlikely to significantly affect the results due to the small sample size (n = 8). We also recommend that future studies aim for comparable sample sizes across projects, even if this may be challenging in practice. A second limitation of survey administration is the potential for social desirability bias, where participants provide responses they think are expected of them or that will be viewed favorably by others (Fisher, 1993). While this bias cannot be eliminated entirely, we have attempted to minimize it by (i) keeping responses anonymous; (ii) using neutral, non-judgmental wording; and (iii) providing clear instructions (e.g., that there are no right or wrong answers and to not overthink their responses). These instructions are clearly outlined in the full survey provided in the Supplementary Material. Lastly, our choice to anchor participants’ recall periods to each specific intervention, instead of how they felt “in the moment” might have constrained our results. As such, the use of scales designed to support momentary measures such as UWIST-MACL (Matthews et al., 1990) could be applied instead of SPANE. Alternatively, it could be combined with longer-timeframe assessment methods like DASS-21 to provide a balanced evaluation, and to better differentiate between immediate and cumulative health outcomes.
5 CONCLUSION
Our study investigated the impact of engagement across five nature-based citizen science initiatives on eight outcomes related to nature connection and human health and wellbeing. We observed overall improvements in all outcomes, with the greatest improvements in improved positive emotions and reduced anxiety and stress symptoms. These changes are crucial antecedents to long-term positive health outcomes. Conversely, improvements in nature connection, depression, and anxiety were modest, consistent with the view that these outcomes are less responsive to short-term interventions. The varying degrees of improvement could be attributed to several factors, including the type of participants recruited, the targeted outcomes, and the design of the citizen science initiatives, particularly the nature and social engagement components. We nonetheless advocate for reimaging citizen science initiatives as integral components of broader health-promoting interventions. By doing so, these nature-based citizen science initiatives can enhance their impact and relevance to scientific understanding, societal wellbeing and policy development.
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