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This study explores the impact of embodied experiences in Virtual Reality (VR) on individuals’ attitudes and behavior towards climate change. A total of 41 participants were divided into two groups: an embodied group that interacted with a virtual environment through full-body avatars, and a non-embodied group that observed the scenarios from an invisible observer’s point of view. The VR experience simulated the progressive consequences of climate change across three generations within a family, aiming to make the abstract and relatively distant concept of climate change a tangible and personal issue. The final scene presented an optimistic scenario of a future where humans had successfully combated climate change through collective action. The evidence suggests that there is an effect of the scenario on the carbon footprint response, even 6 weeks after the VR exposure, irrespective of condition. Additionally, increases were found in participants’ perceived influence on climate action and engagement in pro-environmental behaviors, with the embodied group showing a more pronounced response in the short term. These findings suggest that immersive VR experiences that incorporate virtual embodiment can be an effective tool in enhancing awareness and motivating pro-environmental behavior by providing a powerful and personal perspective on the impacts of climate change.
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1 INTRODUCTION
In the future metaverse, there will be many activities we can join - from entertainment to education. Some activities will be run by people connected in real-time (e.g., a drama teacher), and others will be run by entirely virtual humans (non-player characters, NPCs) in an automatic scenario (e.g., an immersive movie). Here we demonstrate a type of scenario that people can enter that could result in positive behavioral change. Our example is like an immersive movie except it includes embodiment as a person who experiences the effects of climate change first-hand - the past as a child, the present, a horrific future as an older person, and a possible positive alternate future if both individual and collective action to prevent climate change is taken now (Lee et al., 2024).
In the face of the escalating climate crisis, events such as wildfires, massive flooding, and extreme weather patterns have become more frequent and extreme (Ridder et al., 2022), and there is an increasing urgency to educate and engage the global populace as well as policymakers. While evidence that climate change is induced by human activity is unequivocal, there remains a challenge: translating this complex and abstract proposition into a tangible, personal reality for individuals, who often feel powerless (Kenis and Mathijs, 2012). Importantly, even though often seen as a task for large, international organisations and governments, shifting individual actions to a more sustainable future could profoundly impact global warming (Unsworth and McNeill, 2017; Whitmarsh et al., 2021). Therefore, empowering citizens to take climate action is one key to combating the climate crisis.
The many ways in which citizens can engage can be grouped into two broad categories: through personal environmental behaviours that directly influence greenhouse gas emissions, and collective climate action, such as support for green policies and direct political participation (Lubell et al., 2007). The first type includes lifestyle choices, such as selecting a renewable energy provider, changing diet to be more plant-based, choosing public transport or cycling instead of a motor vehicle, and more sustainable shopping (buying fewer new clothes, buying second-hand). These types of behavior can be measured as individual carbon footprints (Wright et al., 2014), defined as “a measure of the total amount of CO2 and CH4 emissions of a defined population, system or activity, considering all relevant sources, sinks and storage within the spatial and temporal boundary of the population, system or activity of interest” (Wright et al., 2014). Collective action takes various forms of exerting pressure on authorities and organizations to implement climate policies and may include participating in neighbourhood-based climate protection initiatives, engaging with climate activist groups, signing petitions, voting, or discussing climate policies with friends and neighbors.
One of the barriers to undertaking these actions is the fact that the probability that a single member of the public can influence the climate is virtually zero (Lubell et al., 2007) and thus, empowerment of citizens on a mass scale is of utmost importance (Ojala, 2023). Evidence suggests that a feeling of personal responsibility and efficacy to reduce climate change may translate into climate action (Bergquist et al., 2019; Bouman et al., 2020). Perceived personal influence refers to the belief that individual participation in global warming activism will increase the probability of supporting the collective good, and is one of the strongest predictors of such collective actions as protest behaviour and voting behaviour (Lubell et al., 2007).
Existing field interventions aimed at increasing climate engagement among individuals demonstrate small effects (Bergquist et al., 2019) and thus, new approaches are urgently needed. There is growing evidence suggesting that Virtual Reality (VR) experiences can profoundly influence environmental attitudes and behavior (Markowitz et al., 2018; Hofman et al., 2022). For example, VR-mediated natural experiences have been shown to increase connectedness to nature (Soliman et al., 2017; Spangenberger et al., 2022) and promote pro-environmental behavior as effectively as real-life (Deringer and Hanley, 2021). There is also evidence that VR can increase climate change engagement, awareness, intentions, and behavior (Queiroz et al., 2018). While VR’s impact on environmental attitudes has been studied, its impact on political engagement in climate action and the unique effect of embodied, first-person experience of climate change remains unexplored. With a wide field-of-view head-tracked and stereo head-mounted display, it is possible to substitute a person’s real body with a life-sized virtual body, which moves with their movements, and which can be reflected in a virtual mirror. This typically gives rise to the illusion of ownership over the virtual body, where the participant feels that the virtual body is their own (Slater et al., 2010; Kilteni et al., 2012). Prior research has demonstrated that this kind of experience can lead to profound psychological changes in participants through implicit learning (Slater, 2017), including changes in attitudes and behavior related to age (Hershfield et al., 2011; Banakou et al., 2013; Cowie et al., 2018) and race (Maister et al., 2015; Bedder et al., 2019; Banakou et al., 2020).
We conducted an experimental study with 41 people, where we simulated various levels of climate deterioration in VR. Half of the group had an embodied experience of the climate change consequences, and the other half observed the same scenario, but from an invisible observer’s perspective (control condition). The goal was to examine the influence of a first-person simulation of anthropogenic climate change consequences. Our VR experience includes a unique application of virtual embodiment: through the eyes of a child, and later an adult, witnessing the escalating climate change, and later still how the situation may improve if action is taken now, or in the control condition as a passive observer. We expected that an embodied (vs non-embodied) experience of time travel could increase people’s individual and collective climate action by transforming the issue of climate change from the background to the foreground and making it personal. This is an exploratory rather than a confirmatory study. However, our expectations were that after the VR scenario, participants would increase their perceived influence on the climate crisis and engagement in both individual and collective climate action as compared to before their VR scenario. We did not predict one way or the other whether this effect would still be detectable after 6 weeks. However, we did expect that participants in the embodied condition would report a larger change as compared to the observer condition.
2 METHODS
2.1 Experimental design
The experimental design was between groups with one binary factor: Observed (n = 20) and Embodied (n = 21) as described above. The 41 participants (21 female) were recruited from the campus of Goldsmiths, London University and arbitrarily assigned to the two groups. The Observed and Embodied groups were similar in gender, age, and prior VR experience (Table 1).
TABLE 1 | Demographics.
[image: Table 1]2.2 Materials
The VR experience was developed with the Unity 3D engine and the head-mounted display (HMD) used was the Oculus Quest Pro. This has resolution of 1,800 × 1,920 per eye, and weighs 722 g. It has 6 degrees of freedom head-tracking, and hand tracking was through the use of two controllers, also tracked with 6 degrees of freedom.
2.3 Ethics
Ethics approval was obtained from the Department of Computing Ethics Committee at Goldsmiths. Each participant received an Amazon voucher valued at £15 as compensation for their time.
2.4 Scenarios
The scenario spanned three generations of a parent and child witnessing the impact of climate change from within their own home. In the Embodied condition, participants saw their virtual body when looking down at themselves and its reflection in a mirror. The movements of their head and upper body were mapped to their virtual body through real-time tracking from the HMD and controllers. The participant, embodied as a child in the past, interacted with a parent that was in the same virtual room, while the TV portrayed information about climate change. The outside scene seen through the windows was a green pasture with animals grazing.
In the second phase, the participant was embodied as a teenager, with the same parent, now older, and in the same, now dilapidated, room. The program on the TV described the causes and consequences of climate change, and how it is being fought. The scene outside had deteriorated with fires in the distance.
In the third phase, the future, the participant was a parent and interacted with a child who pleaded for the future. The TV no longer worked, and the outside scene was deserted.
A final scene set 50 years in the future portrayed a more optimistic scenario, including from that future standpoint a large screen TV showing a program about history, portraying events where worldwide mass collective action had forced politicians to take climate change seriously, instigating fundamental changes that led to the positively changed scenario.
In the Observed condition, the participant observed the all same scenes but from an invisible third-person perspective. They did not have any virtual body, and they saw the two virtual characters (always parent and child) sitting on the sofa watching TV (Figure 1).
[image: Figure 1]FIGURE 1 | Evolution of the scenarios from 15 years earlier to 50 years later for the Embodied condition. Each panel shows the participant’s avatar and the virtual character with which they interact (NPC, Non-player character) which for the first three scenarios is either the parent (15 years ago and recently) or the child (15 years later). In the 50 years later scene the participant is addressed by two NPCs one of which participated in demonstrations 50 years earlier, which are shown on a documentary on a large futuristic screen.
The environment and changes were designed based on current news. In fact, the TV programs in the first two scenes were from the BBC and other TV stations reporting on wildfires and other climate change-related events from the last 3 years1. They illustrated that we can see now and sometimes personally experience very frequent heatwaves, wildfires, flooding, etc. (El Garroussi et al., 2024; Tasker and Wentworth, 2024). It is argued by scientists overwhelmingly that these are caused by human activity resulting in climate change (Lee et al., 2024). The VR scenarios provided an experience, like being in an immersive movie, but being able to move around as they wished.
To ensure that the scenario would not result in feelings of helplessness, we added the last empowering scene set 50 years in the future in virtual museum. This depicted the idea that through collective action, such as participating in massive protests (actual footage from real protests that happened recently2), climate change could be combated. Additionally, in that scene there was a virtual human who explained to the participant how positive change had been achieved. She mentioned that thanks to the collaboration of the citizens and global massive protests the world leaders and organizations had to take real action. This scene was based on the top 2 recommendations of the United Nations Environment Program: “Spreading the word” and “Keeping up the political pressure” (United Nations, 2024).
2.5 Procedure
Participants were first given an information sheet and asked to read and sign a consent form. Then they completed pre-study questionnaires. Participants were reminded they could withdraw at any point without giving reasons. They were instructed on how to use the HMD. Participants were asked to choose a virtual body to represent themselves (their avatar) aligned with the gender with which they identified. The gender of all other virtual characters in the scenario then aligned with that of the chosen avatar. The experimenter showed the participants in the embodied group how to calibrate their virtual bodies and perform several simple avatar interactions such as switching the TV on and off and grabbing small objects After starting the VR scene, those in the Embodied group were asked to warm up for 30 s in the beginning of each scene (embodiment phase). They started by standing in front of a mirror, looking at the reflection of their virtual body in a mirror and moving their bodies according to audio instructions. After 30 s, there was a voice guide in VR asking the participant to explore the room now. Their bodies changed in each scenario–from a child in the first scenario, to a younger person in the second, and to an older person (a parent with a young child) in the third. There was no special embodiment in the final future scene. In contrast, the non-embodied group did not have any body nor interactions with the virtual characters. In both conditions, participants were encouraged to explore the scene and had no particular task other than to observe what was happening. Both groups experienced the four phases mentioned above, each phase lasting about 150 s and automatically transitioning to the next one. The amount of time was fixed for each participant, since their actions would not influence what would occur in the environment. After the experiment, they removed the HMD and answered a post-VR questionnaire. Finally, the participants were thanked for their participation and were asked to complete follow-up questionnaires after two and 6 weeks. A video of the scenario is available at https://youtu.be/q53ikT_pjh0. The phrases spoken by the virtual characters are displayed in Supplementary Table S1.
2.6 Measurements
2.6.1 Primary outcome measures
We measured real-world change with respect to personal environmental behaviours after the VR experience with a carbon footprint calculator (CF) from the World Wildlife Fund United Kingdom website (WWF)3. The WWF CF is one of the most widely used CFs, and it has been specifically designed for populations in the United Kingdom, where our study was conducted. The WWF CF has gone through regular updates to ensure its accuracy (Harris, West, and Owen, 2021). A 2023 Report that included 1.1 million responses provides the largest database in this area to date4. The WWF CF is divided into four modules: food, travel, home, and stuff. The carbon footprint is a simple way of showing how people’s lifestyle leads to carbon emissions. The individual emissions are built up from the estimated personal consumption of, e.g., electricity and travel, as well as the energy that’s required to produce food and all the other items they buy. It converts all the different greenhouse gases into an equivalent impact from carbon dioxide, the most common human-caused greenhouse gas. The footprint value is an annual figure in “tonnes of carbon dioxide equivalent–or tCO2e” (Harris et al., 2021). In order to observe whether there is any impact from our VR scenario on participant’s daily real-life behavior, this was done three times: before the experiment (carbon 1), 2 weeks after the experiment to measure any potential immediate effect (carbon 2), and again 6 weeks later to measure any lasting effect (carbon 3) (Figure 2).
[image: Figure 2]FIGURE 2 | Experimental Procedure. Participants attended three different sessions that included four assessment points when data were collected, which we labelled as (1) Before VR, (2) AfterVR, (3) After 2 Weeks, and (4) After 6 Weeks.
We used selected subscales from the survey of Lubell et al. (2007) to measure a change in the perceived influence on climate change and climate action engagement. This was carried out three times - before the VR exposure, immediately after the exposure, and 6 weeks later. In particular, we measured personal influence (agency) (“I believe my actions have an influence on global warming and climate change.”), and perceived reciprocity (encourage) (“My actions to reduce the effects of global warming and climate change in my community can encourage others to reduce the effects of global warming through their own actions”) on a Likert scale from 1 – strongly disagree to 7 – strongly agree. We also included the six-item Political Participation (political) scale to measure collective climate action, where participants respond Yes/No if they carried out any of the six listed items (such as “contacting a public official about an environmental issue,” “signing an environmental/climate petition or appeal,” or “attending an environmental/climate demonstration or rally”) in the past year (pre-VR questionnaire). In the post-VR questionnaires, we reformulated the instruction. Immediately after the VR exposure, we asked whether participants planned to do them (intention) in the next 12 months (AfterVR) and in the second follow-up, whether they did any of them (actual action) in the last 6 weeks since the VR session (After 6 Weeks) (Figure 2).
2.6.2 Virtual reality experience
Embodiment. The experimental paradigm hinges on establishing a strong sense of body ownership within the Embodied group. After the experiment, participants completed questionnaires assessing the illusion that the virtual body they embodied felt like their own, using a 7-point Likert scale (1 = strongly disagree, 7 = strongly agree). The scale included three items, body ownership: “I felt that the virtual body I saw when looking down at myself was my own body, even though it did not look like me” (medown); “I felt as if it were my body when I looked toward the body reflected in the mirror, even though it did not look like me” (memirror); and agency was measured by “I felt that the movements of the virtual body were caused by my own movements” (mymovements).
Additionally, the paradigm requires a high level of presence in all embodied and non-embodied conditions. Presence encompasses the illusion of being in the virtual environment (Place Illusion, PI) and the perceived reality of the events (Plausibility Illusion, Psi) (Slater, 2009; Slater et al., 2022). Thus, the place illusion (PI) scale included two items: “I felt as if I were in the room that I saw when looking around” (there), and “I felt as if the room I was in was located in the environment that I saw outside the window” (outsidethere). The plausibility illusion (Psi) scale used “I felt as if the events that happened were really happening around me and to me” and “I felt as if the events I saw in the environment outside the window were really happening” (outsidereal). Both were rated on a Likert scale from 1 – strongly disagree to 7 – strongly agree.
The Simulator Sickness Questionnaire (SSQ) questionnaire was administered before and after the VR experience to check whether the participants experienced this during the experiment (Kennedy et al., 1993).
2.6.3 Qualitative data and control measures
To better understand the potential influence of the VR experience on participants, immediately after the exposure, we asked about their impressions during the scenarios, and what effect it had on them, if any. We asked them to comment on their experience of being in the scenario, the passing of time, the sense of realism, and its impact on their thoughts and feelings (about 200 words). We conducted a theme-based content analysis of the answers (Neale and Nichols, 2001). After reading participants’ written responses after their VR experiences, we categorized the data into initial themes, including “Perception of Time,” “Realism and Immersion,” “Emotional Impact,” and “Cognitive and Environmental Awareness,” among others. We quantified the frequency of each theme to determine how prevalent certain types of responses were among participants. We also discuss typical quotes from participants that best illustrated each theme in an effort to vividly convey participants’ experiences and emotional responses.
2.7 Statistical model
We carried out a Bayesian analysis of the response variables, [image: image] footprint, [image: image], [image: image], and [image: image]. The variable [image: image] is positive and has a right-skewed distribution as shown in Figure 3. We model [image: image] with a Gamma probability distribution. This has two parameters [image: image] (shape) and [image: image] (rate). The mean of the distribution is [image: image]. The linear predictor for the model, which shows the predictor variables for carbon, is of the form:
[image: image]
where [image: image] refers to the effect of each participant (1,2, … ,41), [image: image] refers to the periods 1,2 and 3, where,
• Period 1 refers to prior to the VR exposure.
• Period 2 refers to immediately after the VR exposure in the case of agency, encouragement and political, and 2 weeks after the VR exposure in the case of carbon footprint.
• Period 3 refers to 6 weeks after the VR exposure.
[image: Figure 3]FIGURE 3 | Carbon footprint by condition in period 1 (prior to the VR exposure) (A) For the Observed group (B) For the Embodied group.
The variable [image: image] represents the condition (Observed = 0, Embodied = 1), and the last term is the interaction between condition and period–allowing the effect of embodiment to differ between time periods. Formally the linear predictor is:
[image: image]
[image: image]
[image: image] since there are 41 participants and 3 readings on each.
[image: image] indexes the participant IDs and is therefore of the form 1,1,1,2,2,2, … , [image: image], where [image: image].
[image: image] indexes the time periods and is of the form 1,2,3,1,2,3, … ,1,2,3.
[image: image] indexes the condition, and is of the form 1,1,1,2,2,2, … ,1,1,1 (in the order determined by the condition associated with the participants, each one repeated three times because of the periods). Note that the condition indices have had 1 added to them to avoid indexing with 0.
Hence the parameters of the model are:
[image: image] accounting for variation amongst the individuals.
[image: image] accounting for the variation due to the time periods.
[image: image], with [image: image] corresponding to Observed, and [image: image] to Embodied.
[image: image] is a matrix of interaction effects [image: image] where [image: image] indexes the conditions and [image: image] the periods.
Putting all this together, the likelihood for the model is:
[image: image]
where [image: image]) = [image: image]. Hence the mean of the distribution is [image: image] and [image: image] is a parameter to be estimated. The log is necessary in order to ensure that the parameters of the Gamma distribution are always positive.
This model is very similar to a classical ANOVA model, except in Bayesian terms, and without the restriction to a normal distribution for the likelihood. As is the case in ANOVA, in order for this model to be estimable (‘identifiable’) we need further constraints on the parameters. A standard one is to set the first values of each parameter to 0: [image: image], [image: image], [image: image] and [image: image].
We use weakly informative prior distributions for the parameters (Lemoine, 2019). These are proper probability distributions but with large variance:
[image: image]
Hence, the prior 95% equal tail credible intervals are [−20, 20]. These are intervals such that the parameters are within the given ranges with 95% probability prior to incorporating the observed data.
The prior distribution for [image: image] since it is required that [image: image] The 95% credible interval is also wide [2.4, 55.7].
For personal influence (agency) and perceived reciprocity (engagement), we used an ordered logistic regression model. In this the coefficients for independent variables represent the log odds of being in a higher category of the outcome variable as opposed to all lower categories, given a one-unit increase in the independent variable, holding all other variables constant. Hence a positive coefficient for an independent variable means that higher values of this variable are associated with higher odds of the outcome variable being in a higher category. On the other hand, a negative coefficient indicates that higher values of the independent variable are associated with lower odds of the outcome variable being in a higher category. The magnitude of the coefficient shows the strength of the association between the independent variable and the odds of being in a higher category.
The linear predictors are the same as in Equation 1 and the same prior distributions are used as in Equation 2. Of course, the parameters are different for each of the two response variables, we use the same notation for convenience.
The collective action variable (political) is a count of the number of “yes” items on the 6 questions. For this we used a binomial logistic regression with the binomial parameter (number of ‘trials’) as 6. This is not strictly correct since the binomial model assumes independence between the outcomes, but we use it here as a heuristic first approximation. The linear predictor is the same Equation 1. The prior distributions for the parameters are shown in Equation 2.
Note that one overall model encompasses all of the response variables. This avoids the problem of ‘multiple comparisons’ in null hypothesis testing, where more than one test diminishes the validity of the significance levels, requiring special methods have to be used such as Bonferroni corrections.
We use the Stan probabilistic programming language (https://mc-stan.org) with the R interface rstan (https://mc-stan.org/users/interfaces/rstan). Bayesian solutions use Monte Carlo methods to find posterior distributions. We ran 4 Monte Carlo chains (different processes) each with 8,000 iterations. The results of the 4 chains mixed without problem and the solutions converged.
3 RESULTS
We present the results first descriptively, and then formally using the statistical model defined in the previous section.
3.1 Presence and body ownership
Overall, the illusion of presence was very high both with respect to being in the room, and with respect to the outside scene. There appear to be no differences between the Observed and Embodied groups. The lowest median is 5.5 and all interquartile ranges (IQR) are above 5 (Figure 4A).
[image: Figure 4]FIGURE 4 | Presence and body ownership. (A) Boxplots of presence by condition. (B) Body ownership for the Embodied condition. Each variable was measured on a Likert 1–7 scale where 1 = “strongly disagree” and 7 = “strongly agree.” The horizontal thick lines are the medians, the boxes the interquartile ranges (IQR), and the whiskers range from max (min value, 25th percentile – 1.5*IQR) to min (max value, 75th percentile +1.5*IQR). Values outside of this range are shown individually.
In the Embodied group, the scores for body ownership and agency were high with the lowest median as 5 and all interquartile ranges above the mid-point of the scale. The mymovements variable, a score on how well the movements of the virtual body followed the movements of the real body, in other words a test of the body tracking, had a median of 6 out of 7, with the whole IQR being at least 6 (Figure 4B). Additionally, simulator sickness was low (M = 2.88, SD = 3.01) and not different between the conditions, and the post-simulator sickness was not different from the baseline.
In this work we are not making inferences about presence or body ownership for the population, rather we needed to check that for this particular sample the responses are high, in other words that the experimental setup worked from this point of view.
3.2 Carbon footprint
Figure 5 shows a reduction in carbon footprint over the 3 time periods. Prior to the VR exposure the Observed and Embodied conditions have approximately the mean same scores, but after 2 weeks there is a reduction in both with a greater reduction in the Embodied condition. After 6 weeks there is a further reduction and still a difference between the conditions, though less pronounced.
[image: Figure 5]FIGURE 5 | Box plots showing the means and standard errors for carbon footprint over three time periods and by condition (Observed, Embodied). Pre refers to prior to the VR exposure, Post refers to 2 weeks after the exposures and Week 6 refers to 6 weeks after the VR exposure.
3.3 Agency, encouragement and political
Figure 6 shows the results for agency, encouragement and political. In the case of agency there appears to be an increase after 2 weeks, but then a decline at 6 weeks, at least for the Embodied group. There is a similar pattern for encouragement, though with a more pronounced decrease after 6 weeks. In the case of political there is again an increase after 2 weeks but a marked decline after 6 weeks, with no clear difference between Observed and Embodied at any time period.
[image: Figure 6]FIGURE 6 | Agency, encouragement and political by condition. (A) Box plots for agency and encouragements. (B) Bar chart showing the means and standard errors for political. Pre refers to prior to the VR exposure, Post refers to immediately after the VR exposure, and Week 6 refers to 6 weeks after the exposure.
3.4 Statistical analysis
In this section we report the results of the statistical model which will allow us to see whether the informal observations in the previous section are supported. Table 2 shows the summaries of the posterior distributions. Note that all effects are relative to the ‘Pre’ condition (period 1). Note that all the credible intervals are substantially narrower than the prior intervals of −20 to 20, indicating the effect of the observed data.
TABLE 2 | Summaries of the posterior distributions of the parameters showing the means, standard deviations and the 95% credible intervals. Prob >0 is the probability that the parameter >0.
[image: Table 2]The interaction effects for carbon footprint indicate a decrease in the Embodied condition at week 2 (prob = 1 – 0.058 = 0.942) and at week 6 (prob = 1 – 0.098 = 0.902). This supports what can be seen in Figure 5.
For agency there is an increase immediately after the VR shown by the main effect (prob = 0.992), no effect at week 6, and the interaction indicates that there is a decline at week 6 in the Embodied condition. This can be seen in Figure 6A. For encouragement there is an increase immediately after the VR (main effect prob = 0.970) and a main effect of Embodiment irrespective of the period (prob = 0.957). This may be due to the change from Pre to Post in Figure 6A, and there is some evidence of a decline in the Embodiment condition in week 6 (prob = 1 – 0.216 = 0.784) though this probability is considered low.
For political there is a clear increase immediately after the VR (prob = 1.000) and in the Embodiment condition there is an increase after the VR (prob = 0.856) and week 6 (prob = 0.966). This can be seen in Figure 6B, which shows that although there is a decline with respect to period 2, there is still a clear increase in week 6, compared to the “pre” condition.
Overall, we can conclude that there was a decrease in carbon footprint irrespective of condition, with good probability support. For agency and encouragement there is an initial increase immediately after the VR irrespective of condition. For political there is an increase immediately after the VR irrespective of condition, and also in the Embodiment conditions at week 6.
3.5 Analysis of participant essays
We found several key themes through analyzing the participants’ word responses after the VR experience:
3.5.1 Emotional impact
Many participants showed strong emotional reactions during the VR experience. The virtual environment, especially the visualization of climate change, made them concerned about the environmental issues. One participant mentioned, “Seeing the forest fire outside the window while being inside the house gave me a sense of urgency and made me feel like we should be escaping.”
3.5.2 Realism
Most of the participants rated the scenario’s realism highly. This suggests that the virtual environment was convincing enough to engage participants effectively. One participant shared, “The sense of realism in the VR environment made it even more immersive. I feel a genuine connection to the people in the scenario and their struggles.”
3.5.3 Sense of time
Participants noticed a clear transition of time (past, present and future) through different stages of climate change during the VR experience. One participant said,” I could feel the passage of time. Different scenarios, my reflection in the mirror, and the disasters outside the window all made me realize that different things are happening over time, both on a personal level and on a larger scale.” Additionally, observing how their avatars grow up and age triggered a source of additional reflection: “During the middle-age phase, I was extremely curious about my virtual body. Being in my twenties, I’d never experienced an older body, so I observed myself in the mirror for a long time.”
3.5.4 Awareness
Participants showed a high level of awareness of their actions and surroundings, indicating that they were actively engaged with the content. One participant said, “I suddenly feel that VR really has the potential to change things. The world turning terrible makes me feel helpless and consider reducing my consumption. In the last scenario, I took a deep breath and thought, ‘There’s still a chance to see the snow-capped mountains.”
3.5.5 Environmental concern
Some participants expressed a higher environmental concern after the experience. One participant said, “My thoughts on environmental protection are still quite limited, but I’ve started to concern the issue. Perhaps, I’ll pay more attention to it in my daily life.”
3.5.6 Connection with personal experience
Some of participants found the connections which related the VR scenarios to their personal experiences, such as the California wildfires and heatwaves in London. These connections deepened their emotional responses to the VR experience. One participant commented, “It was made clear to me that with each scene change, there were things that could happen and called to mind the fires California has been experiencing recently.”
3.5.7 Embodiment and interactivity
Participants in the embodied condition felt more immersed, but some reported technical issues with the avatar movements, which broke their immersion. Besides, the ability to interact with objects enhanced engagement for many participants, though some noted that bugs in the interactions occasionally disrupted the sense of realism. One said, “Most objects in the environment were interactive and felt very realistic. That is, until I threw the teddy bear onto the couch, after which my attention shifted from the environment to some small bugs.” This can be considered as a loss of Plausibility.
In any event, we observed that there was a change regardless of the previous attitudes and their baseline levels of concern. Those who had not cared about climate change before reported that the scenario made them think and pay more attention, as one participant commented, “Experiencing the scenes personally made me realize the importance of environmental protection for the first time.” While those who reported previous awareness of the problem, declared they would take more significant action, as one said, “It was impactful, and though I already take the climate emergency seriously, this made it seem even more urgent.”
4 DISCUSSION
It has been shown multiple times that VR can change people’s attitudes and behaviors, as discussed in the examples about age and racial bias above. Here we have demonstrated that this is true also for such complex phenomena as climate change-related attitudes and actions. In particular, we found that the VR experience led to a reduction in individual carbon footprint in both conditions. Importantly, perceived influence on climate change increased immediately post-VR exposure and was maintained after 6 weeks, with no differences between conditions, suggesting that merely witnessing a potentially catastrophic future and a hope-giving final message is enough to empower people.
Importantly, participants felt that their actions may encourage others to become involved in climate action. Here, immediately after the exposure, we observed a strong effect of embodiment, which was not present 6 weeks later. The baseline beliefs related to climate change and the role of anthropogenic activity in it could have influenced participant’s reactions to the scenario. Although we did not explicitly ask participants about their attitudes before the VR experience, in the open question many of them compared their pre- and post-exposure opinions. This shift in perceived influence on their own and other’s behavior seemed to translate into action, as there was an overall increase for political action immediately (which measured the willingness to take action) and 6 weeks later (which measured the actual action taken compared to pre-VR baseline). Overall, these results suggest that both conditions empowered participants, consequently leading to their active involvement in climate change-related activities, both individually and collectively. Moreover, several participants mentioned how the virtual experience reminded them of real-world events, such as the California wildfires or the heatwaves in London. These personal connections appeared to enhance the emotional impact of the VR scenario, making it feel more immediate and relevant. This suggests that incorporating real-world references or relatable scenarios can further engage participants and deepen the emotional resonance of the VR experience.
Overall, the scenarios generated high levels of presence and body ownership. Additionally, participants appreciated the ability to interact with objects (a TV, mug, teddy bear) in the virtual environment, but they reported that errors or delays in object interactions also decreased immersion. These findings emphasize the importance of smooth embodiment and interactivity to maintain the plausibility of the virtual experience.
Metaverse(s) may become an important source of entertainment and education, where participants will experience reconstructions of past events and simulations of the future in which they can actively engage. The aim of the study was to investigate the influence of such a climate change simulation on attitudes and behavior. It would be interesting to study whether the same effects would be observed in a social metaverse, where several people could jointly share such educational experiences. We speculate that participating in such simulation with others, especially those familiar or close to the participant, could have potentially much stronger impact, in particular with personalized rather than generic avatars ageing along the timeline. Participants may find the experience much more personal and effective, since personal responsibility to reduce climate change is associated with various climate actions (Bouman et al., 2020).
The experience was not an explicit tutorial. Instead of lecturing to people about climate change, we aimed at offering a first-person experience of the effects of climate change now and in the future, and the purpose was to see if this would result in a change in attitudes and behavior. The information of how to behave more pro-environmentally is easily accessible and rather well-known, while the real challenge is to change actual habits, values, and emotions (Graves and Roelich, 2021).
Climate change is a complex, multifaceted process, which cannot be mitigated without engaged and proactive citizens, political leaders, and organizations. Both individual and collective action are necessary to reduce global greenhouse gas emissions, which needs to happen urgently. Yet, there is a large gap between the proportion of the population expressing concern about climate change and those actually engaged in any form of climate change activism, due to both individual and social-contextual barriers. Latkin et al. (2023) found a clear need to make the anticipated impacts of climate change continuously salient in people’s lives, as only one in five respondents reported that the topic of climate change was “extremely important” or “very important,” while almost one-third said that climate change was not a topic that they frequently think about. Virtual reality – and the future metaverse – is an excellent tool to change this, since it makes climate change a tangible and personal experience. This has been demonstrated for explicit climate change education (Queiroz et al., 2018; Brown et al., 2021; Levy and Liu, 2022; Cho and Park, 2023). A novel aspect of our study was the demonstration of how climate change affects a person throughout their lifespan – first a child, then as a young person and then as a middle-aged adult. It is believed that “legacy thinking” may be a useful strategy to engage people in climate change mitigation (Frumkin et al., 2012) and such deliberation can enhance the capacity to consider future generations’ perspectives and motivate people to ensure their wellbeing (Kulha et al., 2021). We argue that our future-directed scenario may have strengthened this type of concern.
Climate change may trigger anxiety, especially in young people. However, participants were free to leave at any moment without giving reasons, though none did so. Importantly, the final scene in our study was intentionally optimistic and presented real-life examples of massive protests as if they had happened in the relatively distant past around the world to balance the negative experience of previous scenes (50 years ago from the perspective of the scenario but in reality, now). However, these types of environments caused by climate change in first three scenes may possibly act as negative triggers for some participants. We do not know what role the final scene played in the overall effects, but there is evidence that constructive hope drives climate advocacy (Nabi et al., 2018) and pro-environmental behavioral change, unlike hope based on denial (Ojala, 2023). Further studies are necessary to confirm which element of embodied time travel increases the engagement in climate action in the most effective way.
Participants had one exposure in our multi-generational scenario spread over several decades – from being a child or teenager interacting with a parent, through to being the parent interacting with a child, and finally far into the future interacting with an older person who had participated in climate change demonstrations. However, a single exposure may not be enough to lead to a lasting change. It is possible that the experience itself of a catastrophic future was particularly disturbing, as some people experienced the simulated climate change consequences personally. Nonetheless, there were certain short-term differences, especially for the perceived influence on others, which suggests that immediately after the exposure participants were more impacted by the embodied experience, but in the long-term they had a similar impact on real-life behavior as the non-embodied for some of the responses. It might be thought that the changes in scenario and changes in age through the experience might have acted as a distractor. However, experiencing themselves at different ages was a critical part of the experimental design. They were taken through different time periods, and their bodies had to reflect this. Additionally, the experience was hard to ignore, since it was surrounding the participant and was also reflected in the mirror so that they could see what was happening behind them.
There were two main shortcomings of the study. First, we could only measure declarative behavioral change, as no objective (external) measurements were available. We tried to mitigate this limitation by using a carbon footprint calculator, which quantifies human behavior, and by collecting post-exposure data twice. Future studies should consider exploring other measures of behavioral change, less sensitive to bias and social desirability effects. Another shortcoming was the sample, as we recruited students on the campus. Thus, the obtained results should be replicated on a larger and more heterogeneous sample. Nevertheless, we have demonstrated that the simulation of climate change scenarios can be a useful tool for increasing climate action, albeit further studies are needed to understand its effectiveness.
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FOOTNOTES
1Videos in Scene1: Wild Life Nature Documentary: https://www.youtube.com/watch?v=7jUW96CiEKA; Videos in Scene2: Climate change BBC record: https://www.youtube.com/watch?v=vdJmyhqElTc.
2Videos in Scene 4: https://www.youtube.com/watch?v=H9bc0sbqIGA, https://www.youtube.com/watch?v=AzI6Yti5aAM, https://www.youtube.com/watch?v=IQk8iXKvl_A.
3https://footprint.wwf.org.uk/questionnaire
4https://www.wwf.org.uk/our-reports/footprint-calculator-report-2023
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