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This study explores how immersive Virtual Reality (VR) can shape public
understanding of complex scientific processes, using Advanced Purified
Water (APW) as a case example. Using a quasi-experimental pre-test/post-
test design with independent samples, the study measures how participants
behavioral intentions change after they experience an educational VR
simulation of the water purification process. Statistical tests (Chi-square,
Fisher’s Exact, and Mann-Whitney U) compare pre- and post-test responses.
Results show that the VR experience increased participants’ willingness and
comfort with using APW, demonstrating how VR can build understanding
and trust in emerging technologies that the public will increasingly rely on.
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Introduction

Virtual reality (VR) is rapidly emerging as a transformative tool for science and environmental communication because of its
ability to generate deep psychological engagement and behavioral change (Behm-Morawitz & Shin, 2024; Fauville et al., 2020;
Breves, 2020). Drawing from the Theory of Planned Behavior (Ajzen, 1985), which posits that attitudes and perceived control
predict intentions and subsequent actions, VR uniquely influences both cognitive and affective components of behavior.
Immersion creates a powerful sense of presence, enabling audiences to experience scientific phenomena rather than merely
observe them (Behm-Morawitz & Shin, 2024; Breves, 2020). This presence enhances message credibility, emotional
connection, and empathy, producing persuasive effects (Breves & Schramm, 2021; Ahn et al., 2014). These mechanisms allow
VR to bridge the gap between abstract information and lived experience, engaging both emotional and rational pathways that
underlie behavioral intention (Behm-Morawitz & Shin, 2024; Ahn et al., 2014; Breves, 2020; Markowitz & Bailenson, 2021;
Fauville et al., 2020).

A growing body of research demonstrates that VR-based experiences can enhance environmental learning, emotional
engagement, and pro-environmental behavioral intentions. Studies show that immersive simulations reduce psychological
distance and help participants visualize the tangible impacts of environmental issues, thereby strengthening concern and
action tendencies (Markowitz & Bailenson, 2021; Luzzati et al., 2025). For example, Luzzati et al. (2025) found that participants
who explored a climate-change scenario in VR reported greater perceived urgency and stronger intentions to adopt sustainable
behaviors than those receiving text-based information. Similarly, Ahn et al. (2014) showed that embodiment in virtual
environments increased participants’ environmental locus of control, translating awareness into behavioral intentions.
Experiments using 360° and embodied simulations report comparable effects: Fauville et al. (2020) demonstrated that
participants who experienced ocean acidification through VR exhibited higher environmental concern than control groups
viewing the same content in 2D, and Shin and Lee (2024) found that immersive campaign videos prompted deeper cognitive
elaboration and alignment with pro-environmental messaging. Meta-analytic studies also substantiate these findings. Villena-
Taranilla et al. (2022) synthesized 54 studies and identified a large effect of VR on motivation and learning outcomes, while
Zhang and Bowman (2022) confirmed that interactive storytelling in VR enhanced both engagement and content retention.
Overall, these studies establish VR as a powerful experiential medium that can influence cognition, emotion, and behavior in
sustainability contexts. Furthermore, ethical design frameworks further emphasize that persuasive effectiveness depends on
user agency, narrative coherence, and representational transparency (Lambrecht et al., 2024, 2025).

While VR’s potential to change attitudes and behaviors is well established in environmental and educational contexts, little
research has explored how it might help the public understand and accept specific sustainability technologies they are being
asked to adopt. To address this gap, the current study examines VR’s persuasive impact on the environmental science topic of
APW production. Although APW systems have been proven safe and environmentally beneficial, messaging from
municipalities has failed to account for residents’ cognitive and affective barriers and has thus failed to convince a skeptical
public that returning recycled wastewater directly back to the public drinking system is safe (Annin, 2024; Dolnicar et al., 2011).
Phrases like, “toilet to tap,” for instance, have historically hindered AWP development (Annin, 2024). This makes AWP a high-
risk sustainability issue because despite it being a “viable near-term solution” for water security in Arizona, perceptual barriers
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remain and could reduce public acceptance. The psychological and perceptual hurdles that prevent people from feeling
comfortable adopting a new sustainability technology like Advanced Purified Water is just the sort of visceral challenge that
the embodied nature of VR may help overcome. By bringing people directly into the water-purification processes to
demonstrate its safety, VR can reduce perceived risk, foster understanding, and strengthen acceptance. Therefore, this study
asks whether participants’ use of VR to explore an APW system produces changes in behavioral intention, which, according to
the Theory of Planned Behavior (Ajzen, 1991), is operationalized in this study through self-reported comfort and willingness.
These measures function as theoretically informed indicators of attitudinal evaluation and perceived behavioral control
shaping intention, consistent with established TPB measurement practices.

Methods

Research Design

Guided by a Learning Engineering framework, this study employs a human-centered, evidence-driven approach to evaluate an
immersive VR learning intervention (Goodell et al., 2023). The research design represents a focused evaluation cycle
embedded within a broader design effort, consistent with nested Learning Engineering methodologies (Craig et al., 2025). The
study used a quasi-experimental pre-test/post-test design with independent samples to examine the impact of a VR
educational experience on participants’ willingness and comfort using APW. Participants played Flow Forward, a 15-minute VR
game created by members of the Arizona Water Innovation Initiative and students in ASU’'s MESH Lab (“ASU Mesh Labs,’
2025). In the game, players learn about advanced water purification, then pilot a nanosubmarine through ozonation,
ultrafiltration, reverse osmosis, and UV filtration to remove contaminants and complete the process. Participants completed a
brief online survey before (pre-test) and after (post-test) engaging in a VR experience illustrating the Advanced Water
Purification process. Because individual pre- and post-responses could not be linked, comparisons were made between two
independent groups.

Data Collection and Analysis

Researchers obtained IRB approval to work with high school students (IRB STUDY #00018372). Participants were recruited
through a convenience sample consisting of two sections of AP Environmental Science during the spring semester of 2025.
This population was particularly relevant because students were concurrently learning about water systems and
environmental sustainability, making Advanced Water Purification a familiar and meaningful topic of study. After entering the
classrooms, the project lead explained the study and administered the online pre-survey. The pre-survey defined APW as a
process “to recycle and treat wastewater so that it is clean enough to drink” and asked students to specify, on a four-point
scale from extremely uncomfortable to extremely comfortable, the extent to which they would feel comfortable drinking APW
water or using it for a variety of other purposes (see Table 2). The development lead then provided a short walkthrough of the
headset and general flow of the game before students used MetaQuest headsets to play the game from start to finish. When
done, students filled out the post-survey where they were, once again, asked to what extent they would feel comfortable
drinking APW and using it for other domestic purposes, before taking part in brief, informal group debriefs about their
experiences.

Data analysis followed a structured process to address the three research questions. For RQ1, a Chi-square test of
independence and Fisher’s Exact Test were conducted to assess differences in willingness to drink APW between pre- and
post-test groups, with Cramer’s V reported as an effect size. For RQ2, independent-samples Mann—Whitney U tests were
conducted to compare comfort ratings across the five APW uses, with effect sizes (r) calculated as Z/vN. For RQ3, effect sizes
across uses were compared to determine which APW use showed the largest change in comfort. All analyses emphasized
effect sizes and trends rather than significance alone, given the small sample size.
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Results
Willingness to Drink Advanced Purified Water (RQ 1)

Out of 32 students, two students opted not to fully participate. All other students completed the pre-survey, gameplay, and
post-survey. A cross-tabulation examined whether exposure to the VR experience influenced participants’ willingness to drink
Advanced Purified Water (APW). In the pre-test group, 26 of 30 participants (86.7%) reported 'Yes' while four (13.3%) said
‘Maybe'. In the post-test group, all 30 participants (100%) reported 'Yes'. A Chi-square test of independence indicated a
statistically significant association between group (pre vs. post) and willingness to drink APW, x2(1, N = 60) = 4.29, p = .038,
with a moderate effect size, Cramer’s V = .27. Because 50% of the cells had expected counts less than five, Fisher's Exact Test
was examined as a more conservative test. Fisher’s test was not significant on the two-sided comparison (p = .112) but
approached significance on the one-sided test (p = .056). These results suggest a positive trend toward greater willingness to
drink APW following the VR experience (see Table 1).

Table 1.

Willingness to Drink Advanced Purified Water (Pre vs. Post VR)

Group Yes Maybe No Total (n)
Pre-test 26 (86.7%) 4(13.3%) 0 (0%) 30
Post-test 30 (100%) 0 (0%) 0 (0%) 30
Total 56 (93.3%) 4(6.7%) 0 (0%) 60

Statistical Test: x2(1, N = 60) = 4.29, p = .038; Fisher’s Exact (two-sided) = .112, one-sided = .056
Effect Size: Cramer’s V = .27 (moderate)

Comfort Using Advanced Purified Water (RQ 2)

Descriptive statistics and Mann—Whitney U tests were conducted to examine whether comfort using APW increased after the
VR experience across five household purposes. Median comfort ratings were high for both groups, generally ranging between
3 and 4 on a 4-point scale. A significant difference was found for drinking, U = 586.50, Z = 2.19, p =.028, r = .28, indicating
greater comfort after the VR experience. No significant differences were found for cooking (p = .422), showering (p = .137),
laundry (p = .679), or gardening (p = .920). The moderate effect for drinking suggests that the VR experience enhanced
comfort primarily for the most personal use of APW (See Table 2).

Table 2.

Comfort with Using Advanced Purified Water Across Purposes (Pre vs. Post VR)

Purpose Pre Median Post Median u z p (2-tailed) r
Drinking 3 4 586.50 2.19 .028 .28
Cooking 4 4 496.00 0.80 422 .10
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Showering 4 4 534.00 1.49 137 .19
Laundry 4 4 473.00 0.41 .679 .05
Gardening 4 4 445.00 -0.10 .920 .01

Which APW Uses Show the Largest Change in Comfort?
(RQ3)

Effect size comparisons revealed that comfort for drinking showed the largest positive change following the VR experience (r
=.28), followed by a smaller trend for showering (r = .19). Cooking, laundry, and gardening showed negligible changes (r < .10).
This pattern indicates that the VR experience most strongly influenced comfort for direct personal uses such as drinking,
supporting the potential of immersive educational tools to promote behavioral change toward water reuse.

Discussion

This study demonstrates how VR can make complex sustainability processes like APW production understandable and
engaging. The findings suggest that comfort and willingness to incorporate APW in daily life tend to increase after the VR
experience. In particular, there was a greater willingness to drink APW (RQ 1), with fewer participants being less uncertain
about their willingness following the VR experience. Comfort using APW (RQ 2) increased, but only for drinking purposes (RQ
3), as using APW across other purposes was already largely accepted and thus did not change following the VR experience.

By combining immersion with narrative-driven interaction, the experience helped participants connect large-scale issues such
as water scarcity and climate change to their own lives (Petersen et al., 2020; Lambrecht et al., 2025). Positioning users to
“battle” contaminants through each purification stage also appeared to reduce psychological distance and foster active
engagement, echoing findings from Markowitz and Bailenson (2021). Our study team will report in future work on additional
variables, including participants’ most memorable moments and reflections from the VR experience. More broadly, future
research can examine how narrative design and emotional engagement in VR foster lasting awareness and real-world action.

Limitations

This study provides early evidence of how immersive VR can shape public perceptions, but several limitations should be noted:
(1) because individual pre- and post-test responses could not be linked, the analysis focused on group-level trends rather than
participant-specific changes; (2) the sample consisted solely of high school students from similar educational backgrounds,
limiting the generalizability of findings to broader populations.

Conclusion

Findings from this study suggest that immersive, narrative-based VR experiences can positively influence behavioral intentions
related to sustainable technologies. By situating this evaluation within a Learning Engineering framework, the study
demonstrates how iterative, human-centered design and empirical testing can inform the development of effective immersive
learning interventions for real-world sustainability challenges. Future research will extend this work by examining participants’
learning, engagement, and perceptions within the same VR environment.

Acknowledgments

366



Proceedings of the Learning Engineering Research Network Convening (LERN 2026)

The authors would like to thank ASU's MESH Lab for developing the Flow Forward VR experience. This work was supported by
Arizona State University’s Arizona Water Innovation Initiative and the Impact Water—Arizona program, courtesy of the State of
Arizona and the Virginia G. Piper Charitable Trust. Additional support was provided by the National Science Foundation (Grant
Number 2314259).

References

Arizona Department of Environmental Quality. (2025, July 8). Advanced water purification.

https:/www.azdeq.gov/water-quality-division/advanced-water-purification

Ahn, S. J. G, 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. Ajzen, Icek.
"From intentions to actions: A theory of planned behavior." Action control: From cognition to behavior. Berlin, Heidelberg:
Springer Berlin Heidelberg, 1985.11-39. Beckmann (Eds.), Action control: From cognition to behavior (pp. 11-39).
Springer.

Annin, P. (2023). Purified: How Recycled Sewage Is Transforming Our Water. Island Press.
ASU Mesh Labs students create award-winning VR experience to educate about water re-use. (2025). ASU News.

https:/news.asu.edu/b/20251031-asu-mesh-labs- students-create-awardwinning-vr-experience-educate-about-water-
reuse

Behm-Morawitz, E., & Shin, H. (2024). “Using VR for science communication: Presence, message perception, and pro-
environmental effects.” Science Comm., 46(1), 36-64.

Breves, P. (2020). “Bringing people closer: The prosocial effects of immersive media on users’ attitudes and behavior.”
Nonprofit and Voluntary Sector Quarterly, 49(5), 1015-1034.

Breves, P, & Schramm, H. (2021). “Bridging psychological distance: The impact of immersive media on distant and proximal
environmental issues.” Computers in Human Behavior, 115, 106606.

Craig, S. D., Avancha, K., Malhotra, P, Verma, V., Likamwa, R., Gary, K., Spain, R., & Goldberg, B. (2025). Using a nested learning
engineering methodology to develop a team dynamic measurement framework for a virtual training environment. In
International Consortium for Innovation and Collaboration in Learning Engineering (ICICLE) 2024 Conference
Proceedings (pp. 115-132).

Dolnicar, S., Hurlimann, A., & Griin, B. (2011). “What affects public acceptance of recycled and desalinated water?” Water
Research, 45(2), 933-943.

Fauville, G., Queiroz, A. C. M., & Bailenson, J. N. (2020). “Virtual reality as a promising tool to promote climate change
awareness.” In J. Jim & H. Song (Eds.), Technology and health: Promoting attitude and behavior change (pp. 91-108).

Goodell, J., Kessler, A., & Schatz, S. (2023). Learning engineering at a glance. Journal of Military
Learning. https://www.armyupress.army.mil/Journals/Journal-of-Military-Learning/Journal-of-Military-Learning-
Archives/Conference-Edition-2023-Journal-of-Military-Learning/Engineering-at-a-Glance/

Lambrecht, K., Carradini, S., Lauer, C., & Mara, A. (2024, October). “Developing an ethical framework for virtual reality design
and implementation in technical communication.” In Proceedings of the 42nd ACM International Conference on Design

367


https://www.google.com/url?q=https://www.azdeq.gov/water-quality-division/advanced-water-purification&sa=D&source=editors&ust=1770076207351934&usg=AOvVaw3ChRBq4TghZRLg8SQ9t2sB
https://www.google.com/url?q=https://news.asu.edu/b/20251031-asu-mesh-labs-students-create-awardwinning-vr-experience-educate-about-water-reuse?utm_source%3Dchatgpt.com&sa=D&source=editors&ust=1770076207353424&usg=AOvVaw0nkMPs6QS6PQ_7mywEwDZx
https://www.google.com/url?q=https://news.asu.edu/b/20251031-asu-mesh-labs-students-create-awardwinning-vr-experience-educate-about-water-reuse?utm_source%3Dchatgpt.com&sa=D&source=editors&ust=1770076207353424&usg=AOvVaw0nkMPs6QS6PQ_7mywEwDZx
https://www.google.com/url?q=https://www.armyupress.army.mil/Journals/Journal-of-Military-Learning/Journal-of-Military-Learning-Archives/Conference-Edition-2023-Journal-of-Military-Learning/Engineering-at-a-Glance/&sa=D&source=editors&ust=1770076207355871&usg=AOvVaw1wBNYx6__LTYp1qB-sJPLw
https://www.google.com/url?q=https://www.armyupress.army.mil/Journals/Journal-of-Military-Learning/Journal-of-Military-Learning-Archives/Conference-Edition-2023-Journal-of-Military-Learning/Engineering-at-a-Glance/&sa=D&source=editors&ust=1770076207356254&usg=AOvVaw3xT0w2UWYixh2nhO6Kv3z7
https://www.google.com/url?q=https://www.armyupress.army.mil/Journals/Journal-of-Military-Learning/Journal-of-Military-Learning-Archives/Conference-Edition-2023-Journal-of-Military-Learning/Engineering-at-a-Glance/&sa=D&source=editors&ust=1770076207356254&usg=AOvVaw3xT0w2UWYixh2nhO6Kv3z7

Proceedings of the Learning Engineering Research Network Convening (LERN 2026)

of Communication (pp. 37-44). Association for Computing Machinery. https://doi.org/10.1145/3674327.3674333

Lambrecht, K., Lauer, C., Carradini, S., & Ketkar, P. (2025). “Telling Technical Communication Stories through Virtual Reality.”
Proceedings of the 43rd ACM International Conference on Design of Communication, 114-120.
https://doi.org/10.1145/3711670.3764627

Luzzati, T., Baraldi, S., Ermini, S., Faita, C., Faralla, V., Guarnieri, P, Lusuardi, L., Santalucia, V., Scipioni, S., Sirizzotti, M., &
Innocenti, A. (2025). “Can improving climate change perception lead to more environmentally friendly choices? Evidence
from an immersive virtual environment experiment.” Ecological Economics, 229.

Markowitz, D. M., & Bailenson, J. N. (2021). “Virtual reality and the psychology of climate change.” Current Opinion in
Psychology, 42, 60-65.

Petersen, G. B., Klingenberg, S., Mayer, R. E., & Makransky, G. (2020). “The virtual field trip: Investigating how to optimize
immersive virtual learning in climate change education.” British Journal of Educational Technology, 51(6), 2099~
2115. https://doi.org/10.1111/bjet. 12991

Shin, M., & Leg, H. (2024). “Harnessing 360-degree video to prompt users to think along with pro-environmental campaign
messages.” Media and Comm., 12(2), 1-10.

Villena-Taranilla, R., Moreno-Guerrero, A. J., & Fernandez-Cerero, J. (2022). “Virtual reality as a resource for improving learning
outcomes and motivation in STEM education: A meta-analysis.” Education and Information Technologies, 27(5), 6773—
6799.

Zhang, L., & Bowman, D. A. (2022). “Exploring effect of level of storytelling richness on science learning in immersive virtual
reality.” Proceedings of the 2022 ACM International Conference on Interactive Media Experiences, 19-32.

368


https://www.google.com/url?q=https://doi.org/10.1111/bjet.12991&sa=D&source=editors&ust=1770076207358143&usg=AOvVaw2PpAi3CajIjO86aMcPGOD_
https://www.google.com/url?q=https://doi.org/10.1111/bjet.12991&sa=D&source=editors&ust=1770076207358237&usg=AOvVaw1oXmT1xe-ewizZTLVKiOM9

