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ABSTRACT

Nature has found a way to make itself heard. Disasters like floods, heatwaves, and the extinction of flora and
wildlife should serve as a wake-up call for humanity to act more sustainable in the climate crisis. However,
far-off occurrences in both space and time, along with disconnectedness from nature, appear to preclude effective
responses. This review explores how Virtual Reality (VR) technology can be used to circumvent those limitations
as a vital method to inspiring people. VR has the ability to enhance reality by allowing users to see their
environmental impact, immerse themselves in different worlds, or change the passage of time. On the other
hand, a paucity of longitudinal designs and energy-intensive online data storage may undermine its usefulness
in fighting climate change. This narrative review therefore examines relevant approaches using VR, including
self-efficacy and immersion, their impact on individuals, and potential implications for society.
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“The perennial cry to “Save Earth" is odd. Planet Earth
survives massive asteroid strikes — it'll survive anything
we throw at it. But Life on Earth will not" (deCrasse
Tyson, 2018). Reports about flood disasters, wildfires, and
increasing spreads of deadly diseases, are piling up in the
news. Sadly enough, the unemotional nature with which
people often are confronted with such is reminiscent of
listening to the weather forecast. Strategies are needed
that circumvent natural defense mechanisms of the human
brain with which we cradle ourselves at the cost of our
home planet. This review critically questions whether Vir-
tual Reality (VR) technology can support the fight against
climate change. VR can allow glimpses into the future to
discover impacts on the environment by offering vivid, dan-
gerous, or simply impossible scenarios. The current work
reviews empirical studies that used VR setups to estimate
whether VR can enhance the motivation for and the exe-
cution of pro-environmental behavior. The outcomes will
be discussed in the light of relevant theories to evaluate
their usefulness and implications for future research. Fi-
nally, drawbacks and blind spots of VR technology will be
discussed to enhance the sustainability and safety of the
method.

1. Part One: Open Your Eyes

Humanity's interference with climate is flooding fam-
ilies out of their houses, acidifying the oceans, and is
destroying essential forests. For the longest time, gov-
ernments silently observed how the global West is pol-
luting the atmosphere, without having to carry the final

consequences. Lower levels of income and infrastructural
disadvantages due to dark histories of colonialism pro-
vide less chances for vulnerable populations in the Global
South to protect themselves against the tremendous con-
sequences of climate change (Ngcamu, 2023). Nonetheless,
impactful behavioral and lifestyle changes are still miss-
ing as one passive climate discussion moves on to the next.
After the Intergovernmental Panel on Climate (IPCC) re-
vealed that human activity is responsible for the majority
of greenhouse gas emissions, human inactivity cannot be
the answer (Calvin et al, 2023). Albeit an implementation
of economic and governmental changes is pivotal for the
reduction of large-scale impacts on the climate (Nielsen et
al,, 2020), individual behaviors must be considered as one
dimension through which we can collectively contribute to
reaching the goal of limiting global warming to 1.5 de-
grees Celsius (IPCC et al, 2018). A lack of engagement,
knowledge, and imagination, impedes international energy
agreements (Huang et al,, 2021) and reduces public pres-
sure that can motivate the prioritization of environmental
protective measurements (Agnone, 2007).

1.1 How to Push Pro-Environmental Action?

Perceiving the immediate character of the problems
at hand drives motivations to address pro-environmental
choices (Raja & Carrico, 2021). Sheppard (2012) further
identified three major principles to foster engagement with
climate change. He proposed the use of localized instead
of geographically distant scenarios, visualizations instead
of abstract graphs, and the connection between past and
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Figure 1: Effects of Detrimental and Sustainable Visions
of Human-Nature Relationships. Figure depicts Barragan-
Jason et al's (2022) illustrated reflection on the conse-
quence of a worldview in which humans are separated
from nature. A vicious circle is initiated on the left (detri-
mental vision) side impacting individual and societal levels.

future. In reality, urbanization is increasing globally, which
is expected to separate 55 to 68% of the world's popula-
tion from living in nature-rich environments by 2050 (The
World's Cities in 2018). Figure 1 (adapted from Barragan-
Jason et al., 2022) underlines the detachment between hu-
mans and nature. The rigid dualist notion of this separa-
tion fuels a detrimental vision ultimately impeding sustain-
able developments (Braidotti, 2019; Giaccardi et al., 2024).
Western ontologies reinforced this narrative by ignoring
alternative, indigenous human-nature relations (Dema et
al, 2019). One rather counterintuitive method of moving to-
wards an interconnected, non-anthropocentric view is the
use of virtual environments.

1.2 What 'Virtual’ Adds to Reality

VR encompasses computer-generated 3D-environments
in which individuals or groups can interact. Besides a
fleld of view covering 360 degrees as perceived through
head-mounted displays (HMD), VR comes with accurate
stereoscopic sound. These, and other optional features,
e.g., haptic feedback in form of vibrating controls, create
immersive, multisensory, thus create vivid experiences (Fox
et al, 2009). People frequently claim to forget about the
experience’s mediated nature, which is known as presence
(feeling of being there; Markowitz et al, 2018). Albeit
the impact of VR on individuals cannot be fully explained
by the level of realism (e.g., Thoma et al, 2023; see also
Gisbergen et al, 2019), it has the potential to meet Shep-
pard's (2012) engagement principles by providing localized
experiences at chosen moments in time.

1.3 Ways in Which VR Affects Individuals

Rather than just provoking imagination, VR can alter
bodily perceptions. Participants who experienced a virtual
earthquake scenario dropped to their knees to hide un-
derneath a virtual table (Bailenson, 2018). In a simulation
to overcome vertigo (Richie's Plank Experience), people
lose balance when standing on a plank that exceeds a
skyscraper without safety precautions. They breath heav-
ily, vocalize fear, show increased heartrate levels, and
eventually, are likely to fall over while jumping off the
fictitious plank (Aspiotis et al., 2022).

VR exhibits memory benefits in comparison to traditional
media. Memories are reconstructed (i.e., autobiographical
recall) for which the brain uses spatially and temporally
bound information (Spreng et al., 2009). This process can
elicit strong emotions, enable self-projection, and influ-
ence them in the future, which is referred to as prospection.
When presenting a two- dimensional video depicting a mo-
torcycle ride vs. a 360-degree VR experience of the same,
participants show significantly greater memory retrieval in
the VR condition two days after exposure (Schone et al,
2019). The authors concluded these findings to evidence
an integration of the experience into the autobiographical
associative network, and thus, a memory benefit for encod-
ing sensory stimult in VR. Adding other sensory informa-
tion to the experience (e.g., scent) can enhance recognition
memory even further (Tortell et al., 2007). Virtual experi-
ences, therefore, appear to impact individuals in a way
that resembles real-life processing.

2. Part Two: VR for Change

One goal of VR applications used in social or envi-
ronmental psychology is to heighten environmental lit-
eracy (see Fauville et al, 2020). This encompasses the
dimensions: knowledge (about physical and economical
systems), competencies (identifying, analyzing, evaluat-
ing), dispositions, and environmentally responsible behav-
ior. Investigating all of those dimensions is crucial for
the implementation of pro-environmental behaviors. In the
here reported narrative review, | therefore focused on the
disposition and behavioral dimension to highlight how VR
is implemented to enhance pro-environmental self-efficacy,
attitudes, motivation, and behaviors. A list of the reviewed
literature, including sample and effect sizes, can be found
in Appendix A.

2.1 Self-Efficacy and Pro-Environmental Outcomes
Work suggests that one's perceptions of self-efficacy

cannot be changed through cognitive processes (Hornsey

et al, 2021). Rather, to heighten environmental self-



efficacy (‘I am able to exert certain behaviors”), and re-
sponse efficacy ("My actions have an impact!”), emotion-
ally engaging experiences are needed which are assumed
to drive pro- environmental behaviors (Bandura, 1977; Van
Valkengoed & Steg, 2019). Putting this to test, Ahn and
colleagues (2014) compared cutting a tree in a virtual en-
vironment with watching the same in video format. Partic-
ipants in the VR condition used less napkins directly after
the study and reported greater perceptions of an internal
locus of control, which is associated with higher levels of
self-efficacy (Bandura, 1977). No changes in self-reported
toilet paper consumption were found after one week. As
the food industry is responsible for up to 35% of the annual
greenhouse gas emissions, including land use, agricultural
production, and transport (Crippa et al,, 2021), related work
tested pop-up messages in virtual supermarkets. Learn-
ing about the impacts of their decisions, participants in
the virtual supermarket shopped more local and avoided
products containing palm oil, which was explained by per-
ceived personal response efficacy (Meijers et al, 2022).
A follow-up study disentangled response and self-efficacy
by showing that only self-efficacy significantly explained
the relationship between impact messages and behavioral
intentions (Plechatd et al, 2022).

VR can be used to increase self-efficacy in creative
ways. One method is to present the passage of time in time
machine scenarios. A recent work used this to illuminate
the impact of shopping plastic-packed products (Sungur
et al, 2022). After selecting items in a shopping simula-
tion, participants were sent into the future where piles of
plastic corresponded to the selected items. A subsequent
training to change shopping behavior increased behavioral
intentions to act more sustainable at the follow-up mea-
surement. Interviews with 6 to 13 years old children, who
participated in a virtual supermarket scenario, revealed
that personal environmental impacts and negative reac-
tions to unsustainable food choices begin around the age
of ten (Smit et al, 2021). Given that food preferences are
learned throughout childhood (Berridge, 1996), this finding
may drive the development of ecological guilt leading to
pro- environmental behaviors (Moore & Yang, 2019).

2.2 How Immersive is Enough?

How immersive an application is considered to be de-
pends on the quality of the hardware that is used. Usu-
ally, the more sensory stimuli, the higher the immersion
and perceived presence. This leads people to perceive the
experience as continuous, personal, and immediate (Cum-
mings & Bailenson, 2016). An investigation on energy con-
sumption revealed that participants in immersive scenarios
used colder water as compared to a non-vivid condition

(Bailey et al, 2014). Similarly, immersive emotional video
material, such as VR vs. desktop videos, resulted in higher
selections of a vegetarian pizza option over meat in the
laboratory (Fonseca & Kraus, 2016). Meijers et al. (2023)
presented video material of a wildfire in VR (vs. desktop,
vs. control: written text) with higher feelings of immer-
sion elevating participants’ sense of presence including
reports of bodily feelings. Although, VR and desktop video
condition showed no differences in how they affected pro-
environmental behavior, higher immersion was accompa-
nied by higher risk perception and intentions for reduc-
ing meat and dairy consumption. In addition, the authors
showed that higher perceived risk and emotional responses
explained increased NGO donations.

In conclusion, the reported findings underline previous
inconclusive reports about how much immersion is needed
to stimulate feelings of immersion and behaviors in general,
which points to an interaction between individual differ-
ences and medium (see Cummings & Bailenson, 2016).

2.3 Changing Your Self Can Change Behaviour

Designing VR for change can put people in the shoes
of another person, the hooves of another animal, or the
trunk of another plant. This technique is called embodi-
ment illusion (Slater, 2017) and was shown to increase the
connectedness with the embodied entity.

Participants that embodied a virtual cow (but not coral)
reported greater self-nature overlap on a pictorial scale as
compared to a control video condition (Ahn et al, 2016).
Hence, breaching the dissimilarity between mental rep-
resentations (schemas) of a coral and a human may be
more effortful as compared to a cow. Even though na-
ture connectedness is supposed to influence behavior, self-
reported intentions to reduce meat consumption did not
reach significant levels. Similarly, participants who em-
bodied a coral or scuba diver indicated more positive at-
titudes towards the environment after the experience, ac-
knowledging the disruptive nature of humans (Markowitz
et al, 2018). Interestingly, there was no difference be-
tween the two embodiment conditions. The sense of con-
nectedness between a person and the avatar rather than
the quality of the avatar could thus lead to positive pro-
environmental outcomes. This points to the importance of
a felt sense of agency (or self-efficacy) in virtual environ-
ments. To strengthen the illusion, both studies included
haptic feedback in the form of touching the participant’s
body concurrently in the real and virtual environment to
strengthen the illusion. In contrast, Spangenberger et al.
(2022) embodied participants as rainforest tree without the
inclusion of haptic feedback. Higher levels of perceived im-
mersion led to higher nature connectedness. However, this



was reported irrespective of the condition. Only reflections
on the relationship between humanity and nature surfaced
after the VR but not video condition, indicating higher lev-
els of closeness to the subject when embodying the tree.
Experiencing an overlap between the self and another en-
tity has been shown to induce closeness and empathy,
leading to subsequent positive outcomes. Therefore, this
mechanism may be pivotal to enhance the feeling nature
connectedness, which, in turn, can positively influence pro-
environmental intentions (Ahn et al, 2016; Spangenberger
et al, 2022).

3. Discussion: VR for Change

Research using VR as method covers a variety of cli-
mate change related contents wherefore it can be used
to educate about scientific insights, enhance feelings of
self-efficacy, and enhance emotional responses and higher
nature connectedness. The results are higher pro- envi-
ronmental attitudes and immediate sustainable behaviors.
Such VR exposures might be most effective starting at an
age of ten when preferences can still be shaped, and habits
are not yet safequarded by complex defense mechanisms
(Berridge, 1996; Smit et al, 2021). Educational settings
like project days or field trips to museums would be cost-
effective examples of feasibility. It is important to reflect
on consequences of mediated nature encounters and their
potential to reduce playful explorations of nature. As a
consequence, children may fail to create an environmen-
tal identity (Cumbo & Iversen, 2020). The co-creation of
such VR experiences with artists and community members
would mitigate those risks (e.g., Liu, 2017).

Approaches to heighten the motivation to address cli-
mate change elicited through VR designs include ecologi-
cal guilt, the perception of risk and related emotions, but
also the extent to which people feel connected to their
virtual self-representation (avatar). All of which seems to
impact how individuals perceive their relation to climate
change.

3.1 It Happens Here and Now: Psychological Distance

Psychological Distance (PD), more accurately its reduc-
tion, played a striking role in a majority of the reviewed
literature. Originally derived from Construal Level The-
ory (Liberman et al, 2007), it encompasses multiple di-
mensions according to which individuals have difficulties
in imagining future scenarios, and vary in their general
perception of environmental issues. PD dimensions cover
spatial, social, temporal, and hypothetical ("How likely will
this happen to me?”) distance (Jones et al,, 2017). They are
assumed to contribute to the public lack of engagement in
environmental issues and behavioral change (Jones et al,

2016; Raja & Carrico, 2021). Its relation to VR is matches
the principles Sheppard (2012) raised to foster greater in-
volvement in climate change (i.e, localized scenarios, use
of visualizations, and connecting past to future). VR may
thus be one of the more effective ways for making the ab-
stract and distant consequences of climate change more
concrete and tangible. For instance, carbon emissions, or
general degradation, are invisible to the naked eye. A
sense of psychological disconnectedness is often a conse-
quence which leads to the underestimation of situation.

More importantly, first-hand experiences are crucial in
developing a sense of nature connectedness and sub-
sequently an upsurge in pro-environmental behaviors
(Klaniecki et al,, 2018). Although more investigations are
needed to see which dimensions are indeed affected by vir-
tual experiences, PD combats climate change from different
angles and should be focused on in future investigations.

3.2 What is Missing?

A lack of longitudinal designs may be a consequence
of a technology that is still too young to be particularly
user-friendly. Those are important to show that present-
ing an immersive video of how an animal is slaughtered,
which can be expected to reduce immediate reductions of
meat preferences, can be prolonged. In other words, short-
term effects might merely reveal the inability to suppress
feelings and thoughts following exposure to uncomfortable
topics. | therefore suggest the inclusion of moderators such
as 'mentalized affectivity, or 'emotion regulation ability"
This should be coupled with longitudinal designs to assess
the dissipation of effects. The reviewed studies, moreover,
did a poor job in distinguishing between agency and self-
and response-efficacy. This is understandable given that
their causal relation is still insufficiently investigated (Al-
saleh et al, 2023). Finally, feelings of immersion did not
differ between video and VR conditions in embodiment il-
lusions that did not employ haptic feedback. It should be
scrutinized whether bodily perceptions drive VR's effec-
tiveness the most, or if immersion assessments are not yet
sensitive enough.

4. General Discussion

This work reviewed empirical studies using VR designs
for the enhancement of pro- environmental motivations, at-
titudes, and behaviors. The primary goal was to infer the
utility of such designs as one strategy to reinforce the fight
against climate change. Using dimensions of environmen-
tal literacy provided a structured framework by offering
tangible starting points for research and improvements.
The reviewed studies revealed designs to enhance self-
efficacy, the level of immersion, and embodiment, as effec-



tive means to tackle climate change in VR. In addition, the
reduction of PD proved to be a major driver for circumvent-
ing peoples’ abstract perceptions on the topic to eventually
elicit pro-climate action. Accordingly, VR can expose peo-
ple to dangerous scenarios that illustrate consequences
of climate change not only vividly but without wasting
fossil fuels for traveling or on demonstrations. Through
these, and the increase of ecological validity (more realis-
tic scenarios) and replicability (higher control), VR clearly
advances traditional research designs. Whether this field
has the potential to inspire perpetuated climate activism,
or shape more sustainable habits, however, cannot be in-
ferred due to the lack of longitudinal designs.

5. Future Direction: | See What You Do

People have a strong desire to belong (Baumeister &
Leary, 1995). This can result in an unconscious alignment
of attitudes and behaviors with close friends and people
we admire. Social norms may therefore be an avenue to
focus on when assessing long-term effects of VR experi-
ences or trainings. It was shown that existing social norms
are maintained in virtual museum environments (Parker &
Saker, 2020), whereas an experience designed for preven-
tion against E-Cigarette use did not find adjustments of
existing social norms (Weser et al., 2021). It is thus more
likely that VR affects social norms through engaging in
content discussions after the experience. In a similar vein,
Gifford (2011) suggested 11 psychological barriers to ad-
dress climate change: one of them being interpersonal
relations. The fear of exclusion that is inherent to every
human being can direct attention to comparisons and so-
cial norms (Williams, 2009). Future research is advised to
assess whether individuals tend to share VR experiences
with close others, which may instantiate social pressures.
Due to the paucity of literature regarding the formation of
social norms following VR experiences, | suggest design-
ing for group settings in public spaces for examining the
extent to which they entail emotional debates.

5.1 Still a Long Way to Go

Despite the importance of understanding the feasibility
and sustainability of VR for widespread adoption, only a
small proportion of the reviewed papers addressed VR's
technological limitations such as production, cloud storage
of data and accessibility. Efforts to raise VR usability
revolve around standardization (Timmerer, 2017). That is,
the majority of applications cannot be transferred between
different types of headsets (known developers are Meta,
HTC, or Pico), because developers have to struggle with
user interface specifications.

This complicates the designing of scientific studies lead-
ing to purchases of multiple headsets that are replaced by
newer models almost twice a year (VRcompare, 2023). Not
only is this confining the accessibility of already expen-
sive VR equipment, it also contributes to the increasing
carbon footprint of the industry. In addition, not all head-
sets function without a computer but require devices that
come with high-end graphic cards and microprocessors,
for which essential resources are mined (Hamad & Jia,
2022). Recent work calls for more sustainable VR-design
creations by using game engines that demand less energy
such as Unreal Engine (Kattakinda et al, 2024). VR can
further directly affect the wellbeing of individuals. Some of
the more frequently discussed consequences are back and
neck pain (Kaplan et al,, 2021), or cybersickness including
nausea and dizziness (LaViola, 2000).

6. Concluding Remarks

Paradoxically, virtual environments seem to reinforce
connections with the world around us by presenting ver-
sions of reality that are free of physical boundaries. Indi-
vidual pro- environmental actions can be influenced more
profoundly than with traditional, less immersive designs,
and processes such as PD reductions may be essential
in explaining and predicting comparable findings. The
method's broader applications could be explored by looking
into how social norms influence the propagation of bene-
ficial impacts after VR encounters. Although VR advances
behavioral science approaches to tackle climate change,
we also need to focus on group dynamics and systemic
challenges, for which VR seems to only play one small
part in the whole problem-solving process.

7. Acknowledgments

This work has been supported by the German Academic
Exchange Service (DAAD).

8. Bibliography

1. Agnone, J. (2007).  Amplifying Public Opin-
ton:  The Policy Impact of the US. Environmen-
tal Movement. Social Forces, 85(4), 1593-1620.

https://dot.org/10.1353/s0f.2007.0059

2. Ahn, S. J. (Grace), Bailenson, J. N., & Park, D. (2014).
Short- and long-term effects of embodied experiences in
immersive virtual environments on environmental locus of
control and behavior. Computers in Human Behavior, 39,
235-245. https://doi.org/10.1016/j.chb.2014.07.025

3. Ahn, S. J. (Grace), Bostick, J., Ogle, E., Nowak, K. L,
McGillicuddy, K. T, & Bailenson, J. N. (2016). Experiencing
Nature: Embodying Animals in Immersive Virtual Environ-



ments Increases Inclusion of Nature in Self and Involvement
with Nature. Journal of Computer-Mediated Communica-
tion, 21(6), 399-419. https://doi.org/10.1111/jcc4.12173

4. Alsaleh, A, Schubert, M., & Endres, D. (2023). The
Effect of Sense of Agency on Self Efficacy Beliefs: A Virtual
Reality Paradigm. ACM Symposium on Applied Perception
2023, 1-11. https://doi.org/10.1145/3605495.3605795

5. Aspiotis, V, Miltiadous, A, Kalafatakis, K., Tzimourta,
K. D, Giannakeas, N., Tsipouras, M. G., Peschos, D., Glavas,
E., & Tzallas, A. T. (2022). Assessing Electroencephalog-
raphy as a Stress Indicator: A VR High-Altitude Scenario
Monitored through EEG and ECG. Sensors, 22(15), Article
15. https://doi.org/10.3390/s22155792

0. Bailenson, J. (2018). Experience on demand: What
virtual reality is, how it works, and what it can do (p. 290).
W. W. Norton & Company.

7. Bailey, ], Bailenson, J., Flora, J, Armel, K., Voelker,
D, & Reeves, B. (2014). The Impact of Vivid Mes-
sages on Reducing Energy Consumption Related to Hot
Water Use. Environment and Behavior, 47, 570-592.
https://dot.org/10.1177/0013916514551604

8. Bandura, A. (1977). Self-efficacy: Toward a unifying
theory of behavioral change. Psychological Review, 84(2),
191-215. https://doi.org/10.1037/0033-295X.84.2.191

9. Barragan-Jason, G. De Mazancourt, C, Parme-
san, C, Singer, M. C, & Lloreau, M. (2022). Hu-
man—nature connectedness as a pathway to sustainabil-
ity: A global meta-analysis. Conservation Letters, 15(1),
e12852. https://doi.org/10.1111/conl.12852

10. Baumeister, R F., & Leary, M. R (1995). The need to
belong: Desire for interpersonal attachments as a funda-
mental human motivation. Psychological Bulletin, 117(3),
497-529. https://doi.org/10.1037/0033-2909.117.3.497

11. Berridge, K. C. (1996). Food reward: Brain sub-
strates of wanting and liking. Neuroscience and Biobehav-
ioral Reviews, 20(1), 1-25. https://doi.org/10.1016/0149-
7634(95)00033-b

12.  Blackwell, L, Ellison, N. Elliott-Deflo, N., &
Schwartz, R. (2019). Harassment in Social Virtual Re-
ality: Challenges for Platform Governance. Proceedings of
the ACM on Human-Computer Interaction, 3(CSCW), 100:1-
100:25. https://doi.org/10.1145/3359202

13. Braidotti, R. (2019). Posthuman Knowledge.

14. Calvin, K, Dasqupta, D., Krinner, G., Mukherji, A,
Thorne, P. W, Trisos, C., Romero, J., Aldunce, P, Barrett,
K., Blanco, G., Cheung, W. W. L., Connors, S., Denton, F,
Diongue-Niang, A, Dodman, D., Garschagen, M., Geden,
0. Hayward, B., Jones, C, ... Péan, C. (2023). IPCC, 2023:
Climate Change 2023: Synthesis Report. Contribution of

Working Groups |, Il and Il to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change [Core
Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva,
Switzerland.  (First). Intergovernmental Panel on Cli-
mate Change (IPCC). https://doi.org/10.59327/IPCC/ARG-
9789291691647

15. Crippa, M., Solazzo, E. Guizzardi, D, Monforti-
Ferrario, F., Tubiello, F. N, & Leip, A. (2021). Food
systems are responsible for a third of global anthro-

pogenic GHG emissions.  Nature Food, 2(3), Article 3.
https://dot.org/10.1038/s43016-021-002259

16.  Cumbo, B. J, & lversen, O. S. (2020). CCl
in the wild: Designing for environmental stewardship
through children’s nature-play. ~ Proceedings of the
Interaction Design and Children Conference, 335-348.

https://dot.org/10.1145/3392063.3394398

17. Cummings, J. J, & Bailenson, J. N.
(2016). How Immersive Is Enough? A Meta-
Analysis of the FEffect of Immersive Technology on
User Presence.  Media Psychology, 19(2), 272-309.
https://dot.org/10.1080/15213269.2015.1015740

18. deCrasse Tyson, N [@neiltyson]. (2018, April 22).
The perennial cry to “Save Earth" is odd. Planet Earth
survives massive asteroid strikes — it'll survive anything
we throw at it. But Life on Earth will not [Tweet] X
https://tinyurl.com/muubuac’

19. Dema, T, Brereton, M., & Roe, P. (2019). Design-
ing Participatory Sensing with Remote Communities to
Conserve Endangered Species. Proceedings of the 2019
CHI Conference on Human Factors in Computing Systems,
1-16. https://doi.org/10.1145/3290605.3300894

20. Fauville, G., Queiroz, A. C. M., & Bailenson, J. N.
(2020). Virtual reality as a promising tool to promote
climate change awareness. In Technology and Health
(pp.  91-108). Elsevier. https://doi.org/10.1016/B978-0-
12-816958-2.00005-8

21, Fonseca, D, & Kraus, M. (2016). A com-
parison of head-mounted and hand-held displays for
360° videos with focus on attitude and behavior change:
Academic Mindtrek 2016.  Proceedings of the 20th
International Academic Mindtrek Conference, 287-296.

https://dot.org/10.1145/2994310.2994334
22. Fox, ], Arena, D.,, & Bailenson, J. (2009). Virtual Re-
ality: A Survival Guide for the Social Scientist. Journal of

Media Psychology: Theories, Methods, and Applications,
21, 95-113. https://doi.org/10.1027/1864-1105.21.3.95



23.  Giaccardi, E., Redstrom, J, & Nicenboim, I.
(2024).  The making(s) of more-than-human design: In-
troduction to the special issue on more-than-human
design and HCI. Human—Computer Interaction, 1-16.
https://doi.org/10.1080/07370024.2024.2353357

24. Gifford, R. (2011). The dragons of inaction: Psycho-
logical barriers that limit climate change mitigation and
adaptation. The American Psychologist, 66(4), 290-302.
https://doi.org/10.1037/a0023566

25. Gisbergen, M., Kovacs, M., Campos, F., Heeft, M,
& Vugts, V. (2019). What We Don't Know. The Effect of

Realism in Virtual Reality on Experience and Behaviour
(pp. 45-59). https://doi.org/10.1007/978-3-030-06246-0_4

26. Hamad, A, & Jia, B. (2022). How Virtual Reality
Technology Has Changed Our Lives: An Overview of the
Current and Potential Applications and Limitations. In-

ternational Journal of Environmental Research and Public
Health, 19, 11278. https://doi.org/10.3390/ijerph191811278

27. Hornsey, M, Chapman, C, & Oelrichs, D. (2021).
Why it is so hard to teach people they can make a
difference:  Climate change efficacy as a non-analytic

form of reasoning. Thinking & Reasoning, 28, 1-19.
https://doi.org/10.1080/13546783.2021.1893222

28.  Huang, J, Lucash, M. S, Scheller, R M, &
Klippel, A. (2021).  Walking through the forests of
the future: Using data-driven virtual reality to visual-
ize forests under climate change. International Journal
of Geographical Information Science, 35(6), 1155— 1178.
https://doi.org/10.1080/13658816.2020.1830997

29. IPCC, Masson-Delmotte, V., Zhai, P, Portner, H-O.,
Roberts, D., Skea, J, Shukla, P, Pirani, A, Moufouma-
Okia, W, Péan, C, Pidcock, R, Connors, S. Matthews,
R., Chen, Y. Zhou, X, Gomis, M, Lonnoy, E., Maycock, T,
Tignor, M., & Tabatabaei, M. (2018). Global warming of
15°C. An IPCC Special Report on the impacts of global
warming of 1.5°C above pre-industrial levels and related
global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate

change, sustainable development, and efforts to eradicate
poverty. https://doi.org/10.1017/9781009157940

30. Jones, C, Hine, D. W, & Marks, A. D. G. (2017).
The Future is Now: Reducing Psychological Distance to
Increase Public Engagement with Climate Change. Risk

Analysis: An Official Publication of the Society for Risk
Analysis, 37(2), 331-341. https://doi.org/10.1111/risa.12601

31.  Kaplan, A. D, Cruit, J, Endsley, M, Beers,
S. M, Sawyer, B. D, & Hancock, P. A (2021).
The Effects of Virtual Reality, Augmented Reality,

and Mixed Reality as Training Enhancement Meth-
ods: A Meta-Analysis. Human Factors, 63(4), 706—726.
https://dot.org/10.1177/0018720820904229

32. Kattakinda, J. P, Dhananjaya, S., Mojzis, S., Nadif,
A, Hanna, M, Apsan, R, & Malavolta, I. (2024). To-
wards Understanding the Energy Consumption of Virtual
Reality Applications in Gaming, Education, and Entertain-
ment. Proceedings of the ACM/IEEE 8th International
Workshop on CGames and Software Engineering, 50-57.
https://doi.org/10.1145/3643658.3643922

33. Klaniecki, K. Leventon, J., & Abson, D.
(2018). Human—nature connectedness as a ‘treat-
ment’ for pro-environmental behavior: Making the case
for spatial considerations.  Sustainability Science, 13.
https://dot.org/10.1007/s11625-018-0578-x

34. LaViola, J. J. (2000). A discussion of cybersickness in
virtual environments. ACM SIGCHI Bulletin, 32(1), 47-56.
https://doi.org/10.1145/333329.333344

35. Liberman, N., Trope, Y., & Stephan, E. (2007). Psy-
chological distance. In Social psychology: Handbook of
basic principles, 2nd ed (pp. 353-381). The Guilford Press.

36. Liu, X (2017). Inward to outward
[Thesis,  Massachusetts  Institute  of  Technology].
https://dspace.mit.edu/handle/1721.1/114069

37. Markowitz, D. M, Laha, R, Perone, B. P,
Pea, R D, & Bailenson, J. N. (2018). Immer-
sive Virtual Reality Field Trips Facilitate Learning
About Climate Change.  Frontiers in Psychology, 9.
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.02364

38.  Meijers, M. H. C, Smit, E. S, de Wildt, K,
Karvonen, S. G, van der Plas, D, & van der Laan, L.
N. (2022). Stimulating Sustainable Food Choices Us-
ing Virtual Reality: Taking an Environmental vs Health
Communication Perspective on Enhancing Response Effi-
cacy Beliefs. Environmental Communication, 16(1), 1-22.
https://doi.org/10.1080/17524032.2021.1943700

39. Meijers, M. H. C, Torfadéttir, R. “Heather,” Won-
neberger, A, & Maslowska, E. (2023). Experiencing Cli-
mate Change Virtually: The Effects of Virtual Reality on
Climate Change Related Cognitions, Emotions, and Be-

havior.  Environmental Communication, 17(6), 581-601.
https://dot.org/10.1080/17524032.2023.2229043

40. Moore, M., & Yang, J. (2019). Us-
ing Eco-Guilt to Motivate Environmental Behavior
Change. Environmental Communication, 14, 1-15.

https://dot.org/10.1080/17524032.2019.1692889



41. Ngcamu, B. S. (2023). Climate change ef-
fects on vulnerable populations in the Global South: A
systematic review. Natural Hazards, 118(2), 977-991.
https://dot.org/10.1007/s11069-023-06070-2

42. Nielsen, K, Clayton, S., Stern, P, Dietz, T, Cap-
stick, S, & Whitmarsh, L. (2020). How Psychology Can

Help Limit Climate Change. American Psychologist, 76.
https://dot.org/10.1037/amp0000624

43. Parker, E., & Saker, M. (2020). Art museums and
the incorporation of virtual reality: Examining the impact

of VR on spatial and social norms. Convergence, 26(5-6),
1159-1173. https://doi.org/10.1177/1354856519897251

44 Plechatd, A, Morton, T, Perez-Cueto, F. J. A,
& Makransky, G. (2022). Why Just Experience the Fu-
ture When You Can Change It: Virtual Reality Can In-
crease Pro-Environmental Food Choices Through Self-
Efficacy. Technology, Mind, and Behavior, 3(4: Winter).
https://tmb.apaopen.org/pub/s7ulgq9uy/release/1

45. Quesnel, D, Stepanova, E. R, Aguilar, I. A, Pen-
nefather, P, & Riecke, B. E. (2018). Creating AWE: Artis-
tic and Scientific Practices in Research-Based Design for
Exploring a Profound Immersive Installation. 2018 IEEE
Games, Entertainment, Media Conference (GEM), 1-207.
https://doi.org/10.1109/GEM.2018.8516463

46.  Raja, U, & Carrico, A. (2021). A Qualita-
tive Exploration of Individual Experiences of Environ-
mental Virtual Reality Through the Lens of Psycholog-
ical Distance. Environmental Communication, 15, 1-16.
https://doi.org/10.1080/17524032.2020.1871052

47.  Schone, B, Wessels, M, & Gruber, T. (2019).
Experiences in Virtual Reality: A Window to Autobio-
graphical Memory. Current Psychology, 38(3), 715-719.
https://dot.org/10.1007/s12144-017-9648-y

48. Scurati, G. W, Dozio, N, Ferrise, F., & Bertoni,
M. (2023). Beyond the Overview Effect: A Virtual Real-
ity Experience For Sustainability Awareness in Decision-
Making. Proceedings of the Design Society, 3, 777— 786.
https://doi.org/10.1017/pds.2023.78

49.  Sheppard, S. R J. (2012). Visualizing Climate
Change: A Cuide to Visual Communication of Climate
Change and Developing Local Solutions.  Routledge.
https://doi.org/10.4324/9781849776882

50.  Slater, M. (2017).  Implicit Learning Through
Embodiment in Immersive Virtual Reality (pp. 19-33).
https://doi.org/10.1007/978-981-10-5490-7_2

51. Smit, E. S, Meijers, M. H. C, & van der Laan,
L. N. (2021). Using virtual reality to stimulate healthy
and environmentally friendly food consumption among chil-

International Journal of En-

1-13.

dren: An interview study.
vironmental Research and Public Health, 18(3),
https://dot.org/10.3390/ijerph18031088

52. Spangenberger, P, Geiger, S. M., & Freytag, S-C.
(2022). Becoming nature: Effects of embodying a tree in
immersive virtual reality on nature relatedness. Scientific
Reports, 12(1), Article 1. https://doi.org/10.1038/s41598-
022-05184-0

53. Spreng, R N, Mar, R A, & Kim, A. S. N.
(2009).  The common neural basis of autobiographi-
cal memory, prospection, navigation, theory of mind,
and the default mode: A quantitative meta-analysis.
Journal of Cognitive Neuroscience, 21(3), 489— 510.
https://dot.org/10.1162/jocn.2008.21029

54. Sungur, H., Van Berlo, Z. M. C, Hegyiova, H., &
Hartman, T. (2022). Designing effective VR experiences
for pro-environmental outcomes: Enhancing self-efficacy
through mastering solutions.

55. (2018). The World's Cities in 2018. Statistical
Papers - United Nations (Ser. A), Population and Vital
Statistics Report.

56.  Timmerer, C. (2017).  Immersive Media De-
livery:  Overview of Ongoing Standardization Activities.
IEEE Communications Standards Magazine, 1(4), 71-74.
https://dot.org/10.1109/MCOMSTD.2017.1700038

57. Tortell, R, Luigi, D. P, Dozois, A, Bouchard, S,
Morie, J. F., & Ilan, D. (2007). The effects of scent and game
play experience on memory of a virtual environment. Vir-
tual Reality, 11(1), 61-68. https://doi.org/10.1007/s10055-
006-0056-0

58. Thoma, S, Hartmann, M., Christen, |,
Mayer, B, Mast, F, & Weibel, D. (2023).
ing awareness of climate change with immersive vir-
tual reality.  Frontiers in Virtual Reality, 4, 897034.
https://dot.org/10.3389/frvir.2023.897034

59. Van Valkengoed, A. M., & Steg, L. (2019). Meta-
analyses of factors motivating climate change adapta-
tion behaviour. Nature Climate Change, 9(2), 158-163.
https://dot.org/10.1038/s41558-018-0371-y

060. VRcompare—The Internet's Largest VR & AR Head-
set Database. (2023). https://www.vrcompare.com/

61. Weser, V. U, Duncan, L. R, Pendergrass, T. M., Fer-
nandes, C-S,, Fiellin, L. E., & Hieftje, K. D. (2021). A quasi-
experimental test of a virtual reality game prototype for

adolescent E-Cigarette prevention. Addictive Behaviors,
112, 106639. https://doi.org/10.1016/j.addbeh.2020.106639

Increas-



02. Williams, K. D. (2009). Chapter 6 Ostracism: A
Temporal Need-Threat Model. In Advances in Experimen-
tal Social Psychology (Vol. 41, pp. 275-314). Academic
Press. https://doi.org/10.1016/S0065-2601(08)00406-1

03. Yaden, D, lwry, J,, Slack, K., Eichstaedt, J., Zhao, Y,
Vaillant, G, & Newberg, A. (2016). The Overview Effect:
Awe and Self-Transcendent Experience in Space Flight.
Psychology of Consciousness: Theory, Research, and Prac-
tice, 3, 1-11. https://doi.org/10.1037/cns0000086



Table 1: Overview of the reviewed literature and relevant effect sizes. Not significant results are marked as ns and
lacking effect sizes with n/a (not available). If provided, effect sizes were transformed into eta square (n2) or kept as
partial eta square (nZp).

Reference Purpose Research Method Sample Size  Effect Size
[N]

Ahn et al, 2014 Investigated short- and long-term effects ~ Experiment 60 n2 =1
of embodied experiences in VR on envi-
ronmental locus of control and behavior.

Ahn et al, 2016 Examined in experiment 1 the impact of  Experiment 49 n2 = .156
embodying a cow VR on the inclusion of
nature in self.

Aspiotis et al., 2022 Assessed stress induced by VR high-  Experiment w/ physiological 16 n/a
altitude scenario using EEG and ECG  measures
measurements.

Bailey et al, 2014 Studied effect of vivid messages in re-  Field experiment 70 n2p = .10
ducing energy consumption.

Fonseca and Kraus, Compared HMD and hand-held displays ~ Experiment 52 n/a

2016 for 360° videos focusing on attitude and
behavior change.

Markowitz et al, 2018  Investigated VR embodiment illusions for  Experiment 47 n2p = .63
climate education and attitude change.

Meijers et al,, 2022 Explored VR's role in sustainable food  Experiment 229 n2 = .053
choices; effects mediated by response ef-
ficacy.

Meijers et al, 2023 Analyzed VR's effects on climate-related ~ Experiment 277 Spatial  presence:
cognition, emotion, and behavior. n2p = .46; Behav-

or: ns

Parker & Saker, 2020 Examined VR's impact on spatial and so-  Interviews 19 n/a
cial norms in art museums.

Plechatd et al., 2022 Investigated VR's effect on pro-  Experiment 90 n2p = .024; ns
environmental food choices.

Schéne et al, 2019 Explored VR experiences as triggers for ~ Experiment 43 n2p =113
autobiographical memory.

Smit et al, 2021 Studied VR's influence on eco-friendly Interview 22 n/a
food consumption in children.

Spangenberger et al,  Examined tree embodiment in VR on na-  Experiment 28 n2p = .176

2022 ture relatedness.

Sungur et al. (2022) Designed VR experiences aimed at en-  Experiment n/a n/a
hancing self-efficacy.

Weser et al., 2021 Tested VR game prototype for e-cigarette  Quasi-experiment 285 ns

prevention in teens.
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