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Abstract. XR technology is increasingly being used in environmental, sustainability, and nature 
education, promising immersion, agency and engagement for learners. Applications of XR in the 
field have used many different technologies, approaches, and methods and have provided a number 
of outcomes concerning knowledge, attitudes, and behaviors. However, in a systematic review of 
the field, identifying the characteristics of the research studies, many gaps were found. This 
participatory special session at iLRN2025 combines a panel and community discussion session in 
order to discuss these review results, including the state of the art of the research field, gaps in the 
field, and potential ways to address them in future research, development, and on a policy level. To 
start the discussion through a panel discussion, researchers from the iLRN community who were 
involved in the systematic review and do relevant research and application in the field will be invited 
to participate. In the next step, the discussion will be given over to the community, to hear more 
voices and perspectives on the issues. In the final outcome of the session, the participants will come 
together to collect questions for research on XR-based environmental education, leading to the co-
creation of a foundation for future studies, developments and applications. 
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1 Introduction 

In order to develop an informed and engaged society capable of making sustainable decisions and addressing 
environmental challenges, environmental education is essential [1]. Effective environmental education hinges on 
the interplay between knowledge, attitudes, and behaviors, driving sustained ecological actions. Knowledge of 
sustainability and conservation fosters environmental stewardship and understanding of human impact on natural 
systems, but knowledge is not enough to inspire pro-environmental behavior [2, 3]. Environmental attitudes, 
including values, beliefs, and perceptions, are important to enable the transformation of knowledge into behavior 
[4]. These attitudes reflect concern for environmental issues and motivation to protect the environment [5]. 

A key challenge within environmental education is identifying the most effective strategies to build knowledge 
and support the development of pro-environmental attitudes that inspire long-term sustainable actions. The 
integration of Virtual Reality (VR) and other Extended Reality (XR) technologies has recently emerged as a novel 
approach within environmental education, promising to deliver alternative experiences that heighten 
environmental knowledge, attitudes, and behaviors. Studies show VR's potential to increase nature connectedness 
[6–8], empathy, compassion [9], and pro-environmental attitudes by illustrating human impact on the environment 
[10]. Virtual field trips enhance learning objectives and support knowledge retention [11], while triggering 
empathetic responses towards environmental concerns [12]. Experiential learning in virtual environments deepens 
environmental knowledge and increases willingness to engage in sustainable behavior [13, 14]. However, 
integrating XR into environmental education presents challenges such as high costs of VR headsets and the need 
for pedagogically sound experiences [15]. 
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As these technologies are relatively new in the field, it is crucial to explore interventions and assess their 
efficacy in fostering critical outcomes. In order to get a systematic overview of the field, a systematic review was 
executed and published recently [16]. Based on the results from this systematic review, a special session including 
an interdisciplinary panel discussion and a community discussion will be executed at the International Conference 
of the Immersive Learning Research Network (iLRN2025). In the following, a short summary of the systematic 
review will be provided, to describe the basis of the discussion. Then, the structure of the special session will be 
described, describing the execution plan concerning the panel discussion and the community discussion. 

1.1 Results from a Systematic Review on XR-Based Environmental Education 

The discussion in the special session will be based on a recent systematic review of the literature on XR-based 
environmental education. This review explored the current state of the research field, focusing on research 
concerning actual implementations of an XR system in the field and examining the studies based on different 
research questions [16]. It sought to understand how XR systems are implemented in environmental education 
(RQ1), identify the unique technological features and affordances of these systems (RQ2), examine the research 
methods employed to study XR-based environmental education (RQ3), and evaluate the reported attitudinal, 
behavioral, and knowledge outcomes (RQ4). Through this review, evidence-based recommendations for 
embedding XR technologies into environmental education were developed, hoping to guide educators, 
practitioners, and technologists in enriching environmental education through innovative technology. 

More information about the method and results of the review can be found in the paper [16], but we will give 
a short overview here to describe the basis for and relevance of the discussions in the special session. A total of 
29 papers were retrieved through a systematic process and analyzed on the basis of the previously mentioned 
research questions. The outcomes show a diverse field of research including different XR technologies, topics, 
educational contexts and pedagogical approaches. The core findings show gaps in the literature concerning the 
implementation, the technological features, the research methods and the outcomes of the studies. 
Recommendations for the instructional design based on the results include the more systematic usage and 
intentional design of specific pedagogical practices, embedding XR experiences within curricula leaning on 
learning goals and multidisciplinary foci, connecting the usage of XR technologies with well-articulated 
educational theories and instructional design principles, and focusing on the enhancement of self-efficacy and 
emotional engagement. Furthermore, when writing up research, more information should be given about the 
pedagogical strategies and XR technologies including hardware and software information. For study design, it is 
important to examine not only short- but also long-term implementations and follow-up measurements for long-
term effects like knowledge retention, measure behavioral change through actual real-world behavior and not only 
intentions, and involve more affective variables in research. These insights and conclusions show that there is still 
a lot of work to be done to improve research on and implementation of XR-based environmental education. To 
continue the discussion, bring in multiple perspectives, and develop central task descriptions, the current special 
session will be executed. The outcomes from this systematic review will be used as a basis for the panel discussion. 
The panelists are asked to prepare for the panel by reading about these results and will bring their own perspectives 
to the discussion. Central questions that the panel moderator asks are formulated based on the insights from the 
systematic review. For the community discussion, central questions will be prepared and pre-structured based on 
the systematic review and novel insights from the different perspectives of the panel discussion. 

2 Special Session Proposal 

2.1 Goals for the Special Session 

For the special session proposed in this paper, there are different goals. Firstly, the session aims at starting a more 
systematic discussion on XR-based environmental education within the iLRN community through the panel 
discussion. At iLRN2024, the establishment of a special track on immersive learning for sustainability showed 
the relevance of the topic for the iLRN community, so that many participants are expected for the session. 
Secondly, the session is supposed to help iLRN participants with similar interests to network during the session. 
A platform to share contact details will be provided. Thirdly, the outcomes of the session will involve a collection 
of impressions, experiences, open questions and innovative strategies and ideas from the community, which can 
be further used to build the foundation for future design, implementation and research. After the session, the 
results from the brainstorming will be reviewed by the session organizers. We expect to be able to form clusters 
from the types of impressions and experiences the participants bring to the table, make a list of open questions 
from the community, and formulate statements concerning innovative and actionable strategies that can be used 



 

 

to approach the issues and answer the open questions in this field. A submission of the results is planned for a 
following iLRN conference, so that beyond the session, the insights can be used to inform the research on and 
development of XR-supported environmental education within and beyond the iLRN community.  

2.2 Activities During the Special Session 

The session will be open for everyone who is interested in environmental education with XR systems. For an 
interdisciplinary and participatory session, we would like to encourage participation of a very diverse audience, 
including both researchers and practitioners. As part of the session, different activities will be executed (see 
Table 1), In order to start off the discussion, the special session will begin with a panel discussion of about 30 
minutes. In this discussion, interdisciplinary and international researchers who participated in the systematic 
review will be included. Additionally, researchers who work in in the field of XR-based environmental education 
research and development and bring in perspectives beyond the involved researchers are invited. Perspectives and 
scientific backgrounds of panelists include educational and learning sciences, environmental psychology, 
instructional design, XR development, and sociopolitical perspectives to ensure an interdisciplinary discussion. 

After the panel discussion, the discussion will be opened up to the community, starting with a 30 minutes 
brainstorming session in small groups of participants based on the topics of the systematic review and topics 
brought up in the panel. For collaborative brainstorming in the groups, a digital writing tool is provided, e.g., 
Google Docs, Padlet, or Miro. The session organizers share pre-structured documents with the groups, so that 
they have guidance to think about the topics. These documents will be shared with all participants and the session 
organizers. After the brainstorming time, another 30 minutes will be available to share the results of the 
brainstorming with the whole group, which will be facilitated by the structure of the written output. Participants 
are also provided with links to a mailing list and a group on a communication platform (e.g., Discord, Slack, or 
Mattermost) for future communication. They are asked to share these with their networks. 

Table 1. Activities planned for the session and their duration. 

Session part Duration Activities 
Panel 
discussion 

30 min. Panelists discuss the gaps in the literature based on the results from the systematic review and 
their own experiences. Different perspectives will be brought into the discussion based on 
different panelists backgrounds. The topics will include: 
• Instructional design 

- systematic usage and intentional design of specific pedagogical practices 
- embedding XR experiences within curricula 
- formulation of learning goals 
- implementation of multidisciplinary foci 
- connection of the usage of XR technologies with well-articulated educational theories 

and instructional design principles 
- long-term implementations 
- focus on the enhancement of self-efficacy and emotional engagement 

• Manuscript writing 
- more concrete information about the pedagogical strategies 
- more concrete information XR technologies including hardware and software 

• Study design 
- follow-up measurements for long-term effects like knowledge retention 
- measurement of behavioral change through actual real-world behavior 
- involvement of more affective variables 

 
Small group 
discussions 

30 min. Based on the topics brought up in the discussion, small groups are asked to brainstorm 
• their impression of the research and implementation gaps 
• their own experiences in the field, researching and/or implementing 
• open questions that they see based on the panel discussion and their own experience 
• strategies for the future, for improving implementations and research 

A digital writing tool will be provided for participants to write down their brainstorming 
results. A pre-structured document will help with sharing the ideas. 
 

Presenting 
outcomes 

30 min. The groups share their ideas with the whole group. They can use their written notes for this. A 
discussion will be facilitated by the session organizers. 



 

 

3 Future Steps 

The outcomes from the discussion will be made available to all session participants. The research community in 
the field of XR-based environmental education is in need of more systematic approaches to design, 
implementation and research. While the systematic review gives first insights into what is missing, the special 
session will go beyond the literature and to the people. The outcomes of the session are used as a basis for the 
formulation of future plans for the field, including open questions, potential strategies, innovative ideas and 
actionable recommendations. The session will also be used to network and connect with other researchers and 
practitioners within the field. We hope that this session can push the topic towards being present as a constant 
track within future iLRN conferences. The session organizers will submit the results to a following iLRN 
conference so that the insights can be used to inform research and development in the field. 

References 

1. Intergovernmental Panel on Climate Change: Climate Change 2014: Synthesis Report. Contribution of Working Groups 
I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. IPCC, Geneva, Switzerland 
(2014) 

2. Otto, S., Pensini, P.: Nature-based environmental education of children: Environmental knowledge and connectedness to 
nature, together, are related to ecological behaviour. Global Environmental Change. 47, 88–94 (2017). 
https://doi.org/10.1016/j.gloenvcha.2017.09.009 

3. Roczen, N., Kaiser, F.G., Bogner, F.X., Wilson, M.: A Competence Model for Environmental Education. Environment 
and Behavior. 46, 972–992 (2014). https://doi.org/10.1177/0013916513492416 

4. Milfont, T.L., Duckitt, J.: The environmental attitudes inventory: A valid and reliable measure to assess the structure of 
environmental attitudes. Journal of Environmental Psychology. 30, 80–94 (2010). 
https://doi.org/10.1016/j.jenvp.2009.09.001 

5. Schultz, P.W., Shriver, C., Tabanico, J.J., Khazian, A.M.: Implicit connections with nature. Journal of Environmental 
Psychology. 24, 31–42 (2004). https://doi.org/10.1016/S0272-4944(03)00022-7 

6. Meidenbauer, K.L., Stenfors, C.U.D., Bratman, G.N., Gross, J.J., Schertz, K.E., Choe, K.W., Berman, M.G.: The affective 
benefits of nature exposure: What’s nature got to do with it? Journal of Environmental Psychology. 72, 101498 (2020). 
https://doi.org/10.1016/j.jenvp.2020.101498 

7. Spangenberger, P., Freytag, S.-C., Geiger, S.M.: Embodying nature in immersive virtual reality: Are multisensory stimuli 
vital to affect nature connectedness and pro-environmental behaviour? Computers & Education. 212, 104964 (2024). 
https://doi.org/10.1016/j.compedu.2023.104964 

8. Spangenberger, P., Geiger, S.M., Freytag, S.-C.: Becoming nature: effects of embodying a tree in immersive virtual reality 
on nature relatedness. Sci Rep. 12, 1311 (2022). https://doi.org/10.1038/s41598-022-05184-0 

9. Spangenberger, P., Krüger, J., Geiger, S.M., Reuth, G.F., Baumann, L., Nebel, S.: Compassion is key: how virtually 
embodying nature increases connectedness to nature. Journal of Environmental Psychology. 102521 (2025). 
https://doi.org/10.1016/j.jenvp.2025.102521 

10. Markowitz, D.M., Laha, R., Perone, B.P., Pea, R.D., Bailenson, J.N.: Immersive Virtual Reality Field Trips Facilitate 
Learning About Climate Change. Frontiers in Psychology. 9, (2018) 

11. Mead, C., Buxner, S., Bruce, G., Taylor, W., Semken, S., Anbar, A.D.: Immersive, interactive virtual field trips promote 
science learning. Journal of Geoscience Education. 67, 131–142 (2019). https://doi.org/10.1080/10899995.2019.1565285 

12. Martingano, A.J., Hererra, F., Konrath, S.: Virtual reality improves emotional but not cognitive empathy: A meta-analysis. 
Technology, Mind, and Behavior. 2, (2021). https://doi.org/10.1037/tmb0000034 

13. Ahn, S.J. (Grace), Bostick, J., Ogle, E., Nowak, K.L., McGillicuddy, K.T., Bailenson, J.N.: Experiencing Nature: 
Embodying Animals in Immersive Virtual Environments Increases Inclusion of Nature in Self and Involvement with 
Nature. Journal of Computer-Mediated Communication. 21, 399–419 (2016). https://doi.org/10.1111/jcc4.12173 

14. Zelenski, J.M., Dopko, R.L., Capaldi, C.A.: Cooperation is in our nature: Nature exposure may promote cooperative and 
environmentally sustainable behavior. Journal of Environmental Psychology. 42, 24–31 (2015). 
https://doi.org/10.1016/j.jenvp.2015.01.005 

15. Klippel, A., Zhao, J., Jackson, K.L., La Femina, P., Stubbs, C., Wetzel, R., Blair, J., Wallgrün, J.O., Oprean, D.: 
Transforming Earth Science Education Through Immersive Experiences: Delivering on a Long Held Promise. Journal of 
Educational Computing Research. 57, 1745–1771 (2019). https://doi.org/10.1177/0735633119854025 

16. Rende Mendoza, K., Glaser, N., Krüger, J.M., Yang, M., Moeller, K.: A systematic literature review on the impact of XR 
on pro-environmental knowledge, attitudes, and behaviors. The Journal of Environmental Education. Advance online 
publication. (2025). https://doi.org/10.1080/00958964.2025.2471299 

 

https://doi.org/10.1016/j.gloenvcha.2017.09.009
https://doi.org/10.1177/0013916513492416
https://doi.org/10.1016/j.jenvp.2009.09.001
https://doi.org/10.1016/S0272-4944(03)00022-7
https://doi.org/10.1016/j.jenvp.2020.101498
https://doi.org/10.1016/j.compedu.2023.104964
https://doi.org/10.1038/s41598-022-05184-0
https://doi.org/10.1016/j.jenvp.2025.102521
https://doi.org/10.1080/10899995.2019.1565285
https://doi.org/10.1037/tmb0000034
https://doi.org/10.1111/jcc4.12173
https://doi.org/10.1016/j.jenvp.2015.01.005
https://doi.org/10.1177/0735633119854025

