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This paper presents a Google Cardboard VR simulation to raise awareness among
participants aged 11 to 16 aboutmarine ecosystemprotection. Focusingon the impact
of everyday pollutants on sea turtles, a user study (N = 12) gauged the VR sessions’
impact on studentmotivation. Mixed-effectsmodelingwas conducted on Likert scale
ratings on both the pre- and post-session surveys, finding scores for motivation to
learn about nature- and VR-related topics to be significantly higher than 3 (“Neither
agree or disagree”) after the VR simulation, while also showing that the simulation had
some impact on increasing participant interest across both environmental and VR
topics. Qualitative feedback emphasized the desire for more interactivity, improved
graphics, and enhanced authenticity. Despite these suggestions, participants
effectively grasped the educational message, highlighting VR’s potential in
environmental conservation education. This study’s findings underscore the
potential of VR-based educational tools in fostering a deeper understanding and
commitment among young students towards environmental stewardship, suggesting
a promising avenue for integrating technology intoenvironmental education curricula.
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1 Introduction

The impact of litter andwaste onmarine habitat is a significant environmental issue, and its
threat is expected to grow with each passing year. In the last 2 decades, worldwide plastic
production has more than doubled to 459million tons yearly. Of this, it is estimated that one to
two million tons of new plastic waste pollute the oceans annually (Ritchie and Roser, 2018).
These plastics are documented to have affected 54% ofmarine mammal species, 56% of seabird
species, and all species of sea turtle, entangling over 30,000 animals and having been ingested by
over 13,000 more. In over 25,000 instances, entanglement or ingestion resulted in the direct
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harm or even death of an animal due to drowning, suffocation,
lacerations, gut blockage, the introduction of toxins, or other effects
(Gall and Thompson, 2015). Furthermore, plastic waste can facilitate
the spread of invasive species, leading to even more ecological issues
(García-Gómez et al., 2021). It is essential that we take action to
decrease our use of plastics and find more sustainable alternatives to
safeguard our planet and its inhabitants (Shi, 2023).

Even though environmental pollution is a widely discussed issue,
many people find it challenging to connect small daily choices about
plastic consumption to their significant cumulative effects on marine
habitats. However, the food packaging, grocery bags, beverage bottles,
and disposable hygiene products people use every day are what become
marine pollutants (OECD, 2022). Since plastic consumption begins at
the individual level, educating people about the consequences of their
plastic waste is crucial to addressing the ecological threat of plastics
through behavior change (Straßmann et al., 2020).

Virtual reality (VR) simulations have been successfully applied
to education and awareness campaigns (Pellas et al., 2020). In K-12
education, VR has been used to improve learning outcomes and
student engagement in mathematics (Roussou et al., 2006), (Xu and
Ke, 2016), chemistry (Limniou et al., 2008), (Ucar et al., 2017), and
physics (Slater and Wilbur, 1997). In industry, VR provides training
simulations for auto manufacturing plants (Stork et al., 2012),
(Parmar, 2017), mining operations (Bertrand et al., 2017), and
aviation maintenance (Gómez-Cambronero et al., 2023). In
awareness campaigns, VR has been effectively used to influence
behavioral changes (Grace Ahn, 2015) that helped addiction
recovery (Segawa et al., 2020), phobia treatment (Segawa et al.,
2020), (Rothbaum et al., 1995), and weight management (Grace
Ahn, 2015). The primary reason for using VR in all these settings is
its unique combination of both immersive and interactive elements,
something that is missing in static learning materials such as 360-
degree videos and in traditional interactive experiences such as
computer video games.

This paper describes the design, development, and educational
effectiveness of a Google Cardboard Virtual Reality application
(“JellyBean”) in raising awareness about the impact of everyday
pollutants on marine ecosystems. We conducted a user study with
this simulation and the purpose of this study is to (1) demonstrate the
viability of low-end, affordable VR in education and (2) introduce a
framework for fully remote VR usability studies. This study’s findings
underscore the potential of VR for fostering a deeper understanding and
commitment towards environmental stewardship, and its technologies
suggest that VR-based educational tools can be affordable and easily
accessible to researchers, educators, and individuals. Additionally, with
the study being conducted during the COVID-19 pandemic, our results
show that VR studies can be conducted sanitarily and not limited to
researchers’ locations. This opens the door to future VR studies over a
larger geographic area and under a wider variety of circumstances.

2 Background

2.1 Virtual reality simulations

Virtual reality (VR) simulations have been extensively used
in several educational and awareness-related settings (Pellas
et al., 2020).

VR has been used to engage K-12 students in different areas of
sciences. In mathematics, Xu and Ke used their VR environment to
teach fractions (Roussou et al., 2006), (Xu and Ke, 2016). In
chemistry, Ucar et al. and Limniou et al. proved that virtual
reality lessons increased student motivation and engagement
(Limniou et al., 2008), (Ucar et al., 2017). In physics, Pirker and
Guetl found that students found both room size and mobile VR
more engaging and effective than traditional lessons (Pirker et al.,
2018). VR has also been a powerful tool in industry training
simulations for auto manufacturing plants (Stork et al., 2012),
(Parmar, 2017), mining operations (Bertrand et al., 2017), and
aviation maintenance (EDIIIE, 2002). The primary reason for
using VR in learning environments in K12, industry training,
and other specialized professional settings is VR’s ability to
provide an immersive and interactive environment, which is
missing in other digital learning mediums such as interactive
video games, YouTube videos, or 360-degree experience videos.

Head-mounted displays (HMD) are classified as tethered
headsets (e.g., Oculus Rift S), stand-alone headsets (e.g., Oculus
Quest 2), and smartphone VR or handheld VR viewers/headsets
(“Types of VR headsets). Immersion and presence in VR, as defined
by Slater et al., are the abilities of a technology to envelop a player in
a multisensory environment and to allow for interaction with that
environment (Slater and Wilbur, 1997), (Draper et al., 1998). Both
immersion and presence are central to creating engaging
experiences, and the hardware capabilities of HMDs impact both
these factors.

In the world of awareness campaigns, VR has effectively been
used to influence behavior change in the form of a persuasive
technology (Ahn, 2015). Examples of such campaigns can be
found in healthcare settings to aid in addiction recovery (Weser
et al., 2021), creating exposure environments for phobia treatments
(Rothbaum et al., 1995), (Anderson et al., 2001), and helping change
attitudes toward long-term health goals such as weight management
(Ahn, 2015). All these simulations engage players by exposing them
to scenarios in a controlled environment and commonly incorporate
gamification techniques to engage them.

2.2 Environmental awareness and VR

In the application of VR to environmental campaigns, it is
crucial to create experiences that resonate on an organic level,
fostering innate emotional responses that drive behavioral
change. Research suggests that experiential visualization and
emotional engagement are critical factors in increasing
engagement and awareness levels regarding strategies used for
environmental awareness programs (Bailey et al., 2015).
Particularly, approaches that use the “window to the future”
(Sheppard et al., 2008) and the “shock and awe” approach have
been impactful. Mixed reality visualizations in weather channels that
use these two strategies have helped viewers understand the impact
of rapid weather phenomena like flash floods and wind strength
during hurricanes (Branston, 2007). VR (tethered and wireless
HMDs) had also been used to educate and raise awareness about
environmental issues. Chirico et al. conducted a study to determine
how to present statistical evidence about plastic consumption using
3 VR modalities. Numerical modality, concrete modality of using
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heaps of 3D plastic objects to make information more tangible, and a
mixed modality were used. Preliminary results indicated that concrete
and mixed modalities can promote pro-environmental attitudes and
behaviors. In the realm of climate change education, VR has been used
to teach ocean acidification (OA), demonstrating how VR can address
issues that other learning environments cannot. The issues they
focused on were students’ inability to understand the chemistry of
OA, its magnitude, and their personal connection to the issue. The
inability to understand chemical equations prevented students from
grasping the causes and impacts of OA. Additionally, the invisible
nature of OA made it impossible for educators to convey the
magnitude of impact using other learning frameworks such as
YouTube videos and video games. Lack of a personal connection
to these geographical areas also challenged the learning outcomes. VR
was impactful in addressing these three challenges to some degree
(Fauville et al., 2021), (Markowitz et al., 2018). Strassman et al.’s work
emphasized using physical movement via an ICAROS device and VR
application to raise awareness about underwater plastic pollution. The
study concluded that participants in a plastic-polluted underwater
environment in VR expressed stronger feelings on the PANAS scale
and engaged with content related to ecology conservation
(Strassmann et al., 2020).

Virtual reality (VR) simulations in general serve as a fertile
ground for organic creativity in educational landscapes, enabling K-
12 students to naturally explore and engage with scientific concepts
in a manner that traditional learning environments might not
facilitate. In the realm of environmental awareness, VR’s
immersive nature allows for a more intuitive understanding of
ecosystems, making abstract concepts like marine ecology
tangibly impactful. By simulating environments and scenarios
that students can manipulate and explore, VR catalyzes a
spontaneous connection with the subject matter, fostering a more
profound and personal understanding of environmental issues.

While previous research studies predominantly used tethered
VR headsets, the advent of the Oculus Quest 2 like wireless headsets
has marked a transition towards wireless technology (Aniwaa,
2018). Across all studies, the common design themes that arise
are that immersion and engagement help nudge players towards
behavioral and attitude changes. Although our current work focuses
on handheld or smartphone VR technology (Google Cardboard),
these themes were still relevant to our design process. The extensive
use of VR in educational settings, as demonstrated in the literature
discussed above, highlights VR’s potential for immersive learning
experiences. This aligns with our study’s objective to investigate
VR’s efficacy in teaching complex environmental concepts.
Moreover, studies showing VR’s impact on enhancing
environmental awareness reinforce the relevance of our research
in exploring how VR can be leveraged to cultivate a deeper
understanding and concern for marine ecology among students.
Thus, the existing body of work not only provides a foundation for
our study but also underscores the significance of our investigation
in the broader context of innovative educational technologies.

2.3 Communication strategies

Shome et al., in their work on communication strategies for
climate change, presented several theories such as “promotion vs.

prevention focus,” “bringing the message close to home framing,”
and the “matter now vs. future frame” (Shome and Marx, 2009). We
incorporated the following strategies in our design and development
process: a) immersive, b) time-bound, c) prevention-focused, and d)
“bring the message close to home”. Everyday plastic pollution
impacts communities around the world; however, for this case
study, the emphasis was to create a digital game-based learning
environment (Araujo-Junior et al., 2021) that focused on 1)
particular species of marine life local to the area, 2) playing
environments such as small to mid-sized boats that are
omnipresent in the area, 3) underwater flora and fauna that is
native to the area, and 4) four everyday pollutants and their impacts.

The target audience for this application is middle and high
school students, as there has been documented evidence that
engaging younger community members in activities related to
sustainability programs has the potential to have broader reach
(Mitchell et al., 2015). The application created in this study has been
designed in a modular fashion, which will enable us to adapt the text
to engage other age groups. Our study builds upon these concepts,
harnessing the naturalistic engagement of VR to educate about
marine ecology. By focusing on local marine life and pollution,
we aim to stimulate the innate curiosity and creativity of middle and
high school students, encouraging them to explore and understand
their local environment’s ecological challenges. This approach not
only educates but also inspires creative solutions and personal
investment in environmental preservation. The following sections
in the paper describe our choice of development platform,
simulation features, methodology of user study, and findings.

3 Barriers leading to mobile VR

Our project began at the onset of 2020 amidst the COVID-19
pandemic outbreak. The restrictions on face-to-face interactions and
in-person user studies necessitated a remote study, presenting a new
set of challenges not experienced by past in-person studies and thus
requiring a more versatile and accessible virtual reality solution.

3.1 Access to technology

In a traditional remote study, participants must either already
own the VR device used by the study or be provided one.
Unfortunately, the traditional VR devices (wireless and tethered)
used in past studies have prices starting at $300 and running
upwards of $1000. This makes VR costly for research institutions
and future deployment locations (Ex. K12 schools) requiring bulk
purchases and an unaffordable luxury for most families.
Additionally, chip shortages due to supply chain issues brought
on by the pandemic led to retailers running out of stock.

The Google Cardboard (“Quickstart for Google Cardboard for)
headset addresses these pricing and availability issues with its low
cost (~$20) and low requirements (a smartphone). It is a lightweight
VR platform for mobile devices that works on most phones,
including older ones such as the iPhone 5 from 2012 and
Android devices on Android 4.4 “KitKat” from 2013. Although
smartphones are not cheap, they are a versatile purchase that most
students and families can access or already have. For research teams,
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the affordability of Google Cardboard and low-end smartphones
allow for more devices to be purchased, making the study more
scalable (Google developers, 2019).

3.2 Addressing constraints regarding
user studies

In remote studies, the research team cannot set up the VR device
and “play area” in advance, leaving it to the participant to properly
set up. Traditional tethered and wireless headsets present
impractical login requirements and setups, such as outlining the
“play area”. With the research team unable to verify the participant’s
setup in-person, this complexity is a significant barrier to
reproduceable and consistent study environments.

The Google Cardboard headset’s simple setup solves this
problem. Participants only need to download the Google
Cardboard app, scan a QR code on their headset, and
download the study’s app. These three steps are familiar to
smartphone users and, to further reduce the setup burden,
participants were sent a video demonstrating the headset’s
controls and usage before the study began. This simplicity
made setup a non-issue.

The study was conducted during the COVID-19 pandemic,
making sanitization of the headsets a major concern. Fortunately,
Google Cardboard’s low cost allowed a separate headset to be
purchased for each participant, removing the need for
sanitization and its associated risks.

4 Simulation design

4.1 Design foundations from prior research

Shome et al., in their work on communication strategies for
climate change, emphasized the importance of framing messages in
a context that is emotionally resonant with its audience. Informed by
their work, our overall design goal became to create a VR simulation
that framed the issue of marine pollution in “close to home,”
“promotion,” “prevention,” and “matters now” contexts (Shome
and Marx, 2009) (Shome et al., 2009). To make plastic pollution a
“close to home” issue, we planned our simulation to feature the
personal boats and marine life native to the participants’ area. We
also chose to focus on four everyday pollutants participants were
likely to use: plastic bottles, soda cans, soda rings, and plastic grocery
bags. For the “promotion” and “prevention” contexts, we planned to
show the health of marine life before and after pollution so that
participants would be encouraged to both preserve the present
environment and to prevent damage to it. Finally, to make the
issue “matter now,” we planned to immerse participants in the
consequences of pollution: a dying coral reef and a sea turtle choking
on a plastic bag.

After identifying our strategies and focus, we grouped them into
three lessons:

1. Marine debris can come from anyone.
2. Marine debris damages habitats.
3. Marine debris harms animals.

We realized these lessons in virtual reality by building on the
design practices for virtual reality knowledge demonstration
proposed by Horst and Dörner (Horst and Dörner, 2019a).
Specifically, we applied the design practices for dynamic
structure, puzzle, show-and-tell, and setting. We used setting to
leverage the unique immersive capacity of virtual reality by
transporting participants to where pollution happens, and we
used dynamic structure to show the impact of that pollution.
Puzzle was used to add interactivity to the second lesson by
having participants locate and remove trash. For all lessons,
show-and-tell was implemented as billboards that provided
additional information on the lessons and marked where
interactable objects were.

As our target user group included middle school students, we
kept the text concise and the reading comprehension level to fifth
grade. Additionally, we followed the usability guidelines of Dingler
et al. (2018) for text in virtual reality: show-and-tell billboards were
kept within 4.5–7 m of participants, paragraphs were no more than
39 characters wide, and text used a 60 pt sans-serif font for a body
height of 23–37 mm per meter of distance from the participant.
Additionally, we made our billboards taller than recommended for
readability and used a dark font on a light background to stand out
from the underwater virtual reality environment. While the dark
font on a light background is the opposite of Dingler et al.‘s findings,
their study used a dark virtual reality environment while ours uses a
brighter environment.

4.2 Simulation development in unity

Once our simulation was designed, we developed the playable
version using Unity 2019.4.7f1. Unity is a professional game
engine that can create VR applications. Its games consist of
playable “scenes” made up of visual and audio “assets”
manipulated by “component” scripts. We created separate
scenes for the three lessons so that each could have unique
visuals and behavior tailored to the lesson. Having separate
scenes also allowed participants to “move” between locations
despite the limitations of Google Cardboard. Between lessons,
participants stand on a boat (Figure 1), where they can select one
of the three lessons by gazing at the option and pressing the
headset trigger:

FIGURE 1
(Left): Initial menu scene on a boat where the player chooses a
Scene to interact with.
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Boating (Figure 2): The participant moves to the bow of the boat
and faces a billboard explaining how litter can enter the ocean. Next
to the billboard is a bottle, a soda can, and a plastic bag. When the
participant is done reading the billboard, they are instructed to gaze
at the items and press the trigger on their headset. This causes the
trash to shake and fall into the ocean, acting out what was just read.
After this, the participant returns to the boat’s stern to select the
next scenario.

Sea Floor (Figures 3, 4, 5): The participant is taken to a coral reef
on the ocean floor, where a sea turtle swims overhead. The three
pieces of trash from the “Boating” scenario (Lesson 1) are lodged in
the ocean floor and tangled in coral next to billboards explaining
how trash damages marine habitat. The participant is instructed to
gaze at the trash and press the trigger on the headset to pick up the
trash, turning it into bubbles. Once the participant has done this for
all three pieces of trash, they are returned to the stern of the boat to
select the next scene.

Plastic Bag (Figures 6, 7): The participant is taken to an open
area on the ocean floor. A plastic bag floats above a rock. Beside it is a
billboard explaining why loggerhead sea turtles eat plastic bags and
how this harms them. The participant is instructed to gaze at the
plastic bag and press the headset trigger. At this point, the sea turtle
from the “Sea Floor” scene (Lesson 2) swims over, mistakes the bag
for a jellyfish, eats the bag, chokes for a few seconds, and finally
swims away. After the animation ends, the participant returns to the
boat’s stern.

To prevent disorientation when transitioning between scenes,
the participant’s view fades to black over the course of a second
before loading the scenario, and, once the scenario loads, the
participant’s view returns to normal over the course of a second.
Additionally, several visual cues tell the player where they are and
create a connection with the previous scenes. Examples of visual cues
are the boat visible in the menu and first two lessons, the trash
present in the first and second lesson, and the sea turtle in the second
and third lesson.

Within these scenes, we attempted to reduce information into
“information nuggets” with a “functional coating,” as was suggested
by Horst and Dörner (Horst and Dörner, 2019b). Generally, an
“information nugget” is a reusable combination of Unity assets,
whereas a “functional coating” is a component that gives the nugget
some behavior or interactivity. For reusability across scenes, nuggets
and functional coatings can be combined into a Unity “prefab.” In
particular, the show-and-tell (billboards) and puzzle (interactable
trash) patterns worked well as reusable, independent prefabs.
However, unlike Horst and Dörner, we found that some
knowledge dissemination patterns did not translate well into
reusable Unity prefabs. The dynamic structure and setting
patterns require several coordinated unique models, animations,
and sound effects that were neither reusable across scenes nor self-
contained enough for a single prefab. Despite this, we felt that the

FIGURE 2
(Right): In Lesson 1, we depict unintentional littering as trash falls
from a boat into the ocean.

FIGURE 3
(Left) In Lesson 2, the player spots and collects the trash dropped
in Lesson 1 by pressing the trigger button. When collected, the trash
transforms into bubbles, signifying task completion.

FIGURE 4
[(A)-Center and (B)_Right] Lesson 2 showcase more trash items with coral and sea grass as environmental markers.
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hand-crafted animations contributed to immersion during lessons
and were worth the additional effort.

5 Remote user study framework

5.1 Simulation development in unity

Game telemetry, information on how the simulation is running
and how the participant is interacting with it, can provide additional
quantitative data to studies and help improve and optimize
simulations (Hullett et al., 2012). During traditional in-person
studies using a VR headset, game telemetry is stored on the
attached computer or in the headset and retrieved after the
research session has concluded (Mottelson and Hornbæk, 2017),
(Steed et al., 2016). However, in our remote study using mobile VR,
it was unreasonable to ask participants to send us their smartphones.
Instead, during the simulation, we stream the game telemetry to a

research server in near real-time (Figure 8). Not only is this
streaming convenient for researchers and participants, but it also
allows the simulation to recover from intermittent internet outages
and unexpected application exits.

In our framework (Figure 9), telemetry consists of a user ID,
session ID, and specific measure sent via HTTP Post to an API
endpoint on the research server. The endpoint was implemented
using ASP.NET Core, and the server stores the received telemetry in a
MySQL database. The user ID is generated once when the simulation
connects to the research server for the first time, and it is shared across
all research sessions. In contrast, the session ID is regenerated each
session. Together, these allow telemetry to be linked to a session and
an anonymized participant. We chose to capture three measures that
allowed us to “observe” participants’ patterns and verify their reported
experiences after the session concluded. These measures were: “scene
loading,” “reading duration,” and “user input” (Table 1).

In the study, we used the “scene loaded” measure to verify the
lessons participants experienced and the “reading duration”
measure to support qualitative information about the time
participants spent reading text.

FIGURE 5
(Left): Scene 3 showcasing a plastic bag and JellyBean the turtle
in the background approaching.

FIGURE 6
(Left): Scene 3 showcasing a plastic bag and JellyBean the turtle
in the background approaching.

FIGURE 7
(Center) Scene 3 depicts JellyBean consuming a plastic bag.

FIGURE 8
(Left): Visualization of the application’s data flow.
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While it was unused for this study, the “input” measure can
be used to replay the research session on researchers’ machines.
A prototype of this worked by queueing up the “input”measures
for a specific user ID–session ID pair and updating the
simulation’s camera orientation and internal trigger-pressed
state to match the telemetry. Not only does this allow
researchers to watch the session as if it was in-person, but
new measures can be generated from the replay. For example,
the same “reading duration”measures can be generated from the
replayed session.

5.2 Consent and security

To ensure the informed consent of participants, the simulation
begins with a prompt to read and agree to the following data being
collected during the research session:

• “Phone orientation/rotation”
• “What [scenario] is loaded.”
• “If a specific interaction (picking up trash) occurred.”

The participant can consent by pressing the trigger on the
cardboard headset, and it is only after this that the VR
application attempts to connect to the research server.
Additionally, the API endpoint is only enabled during the
research session, preventing accidental data collection when a
researcher is not present.

To ensure the anonymity of a participant, user IDs and session
IDs are randomly generated and no personal identifiers are stored.
While it is possible to link a user ID to a particular research
participant, it requires an intimate knowledge of the original
research session that only the participant and researcher have.
Furthermore, the MySQL database storing this data is maintained
and only accessible by the research team.

After the development of the VR simulation and data collection
framework, we conducted a user study for evaluation and feedback.

6 Methodology

6.1 Participants

A user study was conducted with 12 middle and high school
students with an average age of 13.5 years, including six female
and six male participants, who were part of a STEM summer
program hosted by our institution. Most of these students came
from underserved communities, attending public school in two
neighboring counties. The program focused on engaging students
in activities that connect health of the Sarasota Bay to their
personal wellbeing. Many students came from households
where English was a second language and had reported
challenges with science subjects in school. The summer
program also aimed to support future first-time-in-college
(FTIC) students and their families familiarizing them with
college life and the admissions process.

FIGURE 9
(Right): Visualization of the system architecture.

TABLE 1 Measures captured by the server for game telemetry related data.

Type Format Frequency

Scene Loading The internal name of the scenario Once when the scenario is changed

Reading
Duration

The time in seconds the participant’s gaze was within 20 degrees of the text Each time the angle between the participant’s gaze and
text exceeded 20°

Input The time in seconds since the start of the simulation, the name of the current scenario, the
orientation of the headset, and if the trigger is pressed

Every second or when the headset trigger is pressed
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Of the total 16 camp participants, all were involved in this study;
however, only 12 were considered viable participants due to
language barriers. The remaining four were primarily Spanish
speakers still learning English and needed substantial assistance
to read the simulation prompts. This study was conducted in 2022, a
time when the community was transitioning out of hybrid learning
for K-12 students, limiting participation in the in-person camp and
our overall sample size.

6.2 Pilot user study design

Figure 10 illustrates the study protocol approved by NCF’s Full
IRB board. As the participants were all minors, parental consent for
data collection and participation was obtained in addition to the
participant’s consent during the study. We conducted an interview
study with pre-post simulation questionnaire in addition to open-
ended questions. Participants were brought to the study location and
asked to sit in front of a computer for audio recording. The study
started after a brief introduction to Google Cardboard and mobile
VR controls. Throughout the study, we obtained game telemetry
data using the framework detailed in Section 5 of the paper.
Additionally, we recorded audio throughout the entire study
session to capture comments made during or after the study.

Throughout the duration of the study, a “think aloud protocol”
(Fonteyn et al., 1993) was implemented to capture participants’
responses while they engaged with the simulation. Table 1 illustrates
the questions which were asked for both pre and post surveys,
questions asked only during post survey.

For the post-study survey, we employed a modified version of
Slater et al.’s presence, immersion, and engagement questionnaire
(Slater, 1999). To avoid potential comprehension difficulties that
could lead to inaccurate responses, we chose not to administer the
full questionnaire. Instead of using the complete Simulator Sickness
Questionnaire (SSQ) (Kennedy et al., 1993), we opted to ask
participants only about nausea and motion sickness during the
simulation, requesting a simple thumbs-up or thumbs-down
response. Additionally, we conducted open-ended interview
questions that expanded upon these survey responses, with the
thematic analysis provided in Section 6.2. Alongside questions on
presence and engagement, we sought to understand participants’
interest in, and prior exposure to, technology and environmental
topics, as shown in Table 2.

Our study followed a mixed-methods approach to assess the
effectiveness of a Google Cardboard VR simulation in fostering
motivation, interest, and awareness about environmental
issues—specifically marine pollution—and participants’
perceptions of VR as a tool for education.

7 Quantitative results

7.1 Pre and post survey data analysis

We collected and analyzed the pre and post survey data (Table 2) to
demonstrate the effectiveness of the Google Cardboard VR simulation.
First, we decided on eight topics that addressed students’ interest and
motivation about 1) environmental issues and 2) virtual reality. In

FIGURE 10
Flowchart illustrating the user study process.

TABLE 2 Likert scale and open-ended questions presented during the user study sessions.

Survey Type Question No.

Pre-study questions 1 How often do you use the following 1) Smartphone 2) Computer or laptop 3 )VR headset

2 How interested are you in these topics?
1) Nature 2) The Ocean 3) Ocean Wildlife 4) Protecting Wildlife 5) Causes of pollution 6) Computers 7) Video games 8) VR

3 What do you want to be when you grow up?

Study 4 Think aloud protocol indicate if you feel nauseous by a thumb up or down sign ( For every scene)

Post-study questions 1 How interested are you in these topics? Same as pre-study Q2

2 The VR experience that I had motivated me to learn more about: Same as pre-study Q2

3 Is there anything you would like to add to the game you played?

4 Tell us how you felt when you played the game?

5 Is there anything you did not like about playing the game?

6 What do you want to be when you grow up?
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particular, the first five topics focus on the environment (nature, ocean,
marine life, pollution), while the last three pertain to VR and technology
(computer, video games, virtual reality).

With those topics in mind, to infer the causal impact of the VR
simulation on students’motivation post completion, we asked them
to use the Likert scale from one to five to rate their response to the
following statement for each of the eight main topics: ‘The VR
experience I had inspired me to delve deeper into [Pre-study
Q2 from Table 2].’ To model these responses, we used an item-
subject mixed-effects statistical approach (Baayen et al., 2008),
subjects are equivalent to study participants, while items are the
topics mentioned earlier. More specifically, we used the following
formula: Lij = μ + itemi + subjj + εij, where Lij represents the Likert
score for the jth subject (study participant) when answering about
ith item (topic), μ is the average Likert score across all subjects and
items, itemi is the random effect of the ith item, subjj is the random
effect of the jth subject, and εij is the modeling error term. The
random effects (itemi, subjj) allow us to carefully capture the
dependence between responses for the same topics and from the
same subjects. We used the ‘lmer package’ in the R Statistical package
(“lmer function”) to fit that model (Lmer function, 2009).

We ran the same model (Baayen et al., 2008) separately for the
environmental topics (Table 2 pre-study Q2.1- Q2.5) and the VR/
technology-related pre-study question (Table 2 pre-study Q2.6- Q2.8)
to distinguish between the impact the VR session might have on
students’ motivation towards learning more about the content
presented via VR (environmental issues) as opposed to the VR
medium itself. Subsequently, we conducted statistical inference to
find out whether a typical Likert response was higher than the average
Likert category of 3 (“Neither agree nor disagree”). In particular, we
conducted a statistical test for the hypothesis H0:μ = 3, obtaining a
p-value to gauge statistical significance. We also calculated a 95%
confidence interval for μ, thereby providing the entire range of
plausible values for the typical Likert score.

Results for the above-mentioned motivation questions are
presented in the “1. Motivation: Content” and “2. Motivation:
VR/Tech” entries of Figure 11. The Likert scores for motivation
questions being significantly above three for both the environment/
nature content and VR medium itself (with p-values of <0.05). The
corresponding 95% confidence intervals indicate a stronger
motivation for nature related content, where the lower bound of
the confidence interval (3.4) is noticeably higher than for the
motivation to learn more about VR/Tech itself (3.2).

In addition to the motivation questions, we asked six questions
on a five-point Likert Scale post-completion of the VR session
shown in Table 3.

In particular, the first question (#Q1) evaluated how engaging
the game was, questions #Q1, #Q2 & #Q6 address how real the VR
experience felt, and questions #Q4 and #Q5 (Table 3) focused on
whether the students felt surrounded or immersed in the scene.

For the first question (#Q1), the median score of 4 and average of
3.6 indicated an above-average rating for the engagement level of the
game. However, the small sample size (with one question, we only
have 12 observations) does not allow us to make a definitive
conclusion for that hypothesis. For the questions pertaining to
realism (Table 3. #Q2, #Q3, #Q6) and whether students felt part
of the scene (#Q4, #Q5), we carried out the same subject-itemmixed-

FIGURE 11
Graphical representation of the fitted item subject mixed-effects models to estimate the typical Likert score μ provided after simulation for topics
pertaining to a specific research question. The bands correspond to 95% confidence intervals for that score μ, while small points represent subject-level
random effect estimates. The dashed line indicates the null hypothesis value of 3 (“neither agree nor disagree”).

TABLE 3 Post-study Likert scale questionnaire to measure engagement,
realism and presence.

#Q1 The game was engaging

#Q2 The underwater scene was real

#Q3 The sea turtle felt real

#Q4 I felt surrounded by the scene I saw

#Q5 I felt I was part of the scene I saw

#Q6 The turtle needed my help
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modeling framework as discussed above to calculate statistical
inference on whether the average Likert score was above 3
(“Neither agree nor disagree”) (Baayen et al., 2008). Figure 11
shows the results of the analysis, demonstrating statistically
significant evidence towards above-average responses to the
questions about the VR scene feeling real.

The “3. VR: Feels real” and “4. VR: Feel surrounded” entries of
Figure 11 show the results of the analysis, demonstrating statistically
significant evidence towards above-average responses to the
questions about the VR scene feeling real (p-value <0.05),
although the 95% confidence interval indicates a relatively low
range of plausible values (lower bound of 3.11, upper bound of
3.99). As for students feeling surrounded or a part of the scene, there
was not enough statistical evidence to claim significance (p-value of
0.354), with the 95% confidence interval of plausible values for the
average Likert score being (2.55, 4.2), with the score of three being
well within the interval. One could also notice that the interval for “4.
VR: Feel surrounded” is much wider than for “3. VR: Feels real”,
which could be a byproduct of having only two questions (as
opposed to three for “3. VR: Feels real”), and a larger sample size
would typically be preferred to yield more conclusive evidence at a
set significance level.

Lastly, we also conducted a pre-and post-study survey that
consisted of the same question to be answered on the Likert scale
concerning each of the eight topics mentioned Table 2 above: “How
interested are you in this topic?”. To analyze the potential change in
interest, we added a fixed treatment effect parameter to the mixed-
effects item-subject model from (Baayen et al., 2008) to represent the
difference in scores between the post- and pre-session surveys. Our
modeling formula became: Lijk = μ +β trtijk + itemi + subjj + εijk, k =
1,2, where k = 1 indicates the pre survey answers, k = 2 - post survey
answers, trtijk is an indicator variable (it is 0 when k = 1, and one
when k = 2), and β is the fixed treatment effect to represent the
impact of the VR session on student interest in respective topics.

We conducted statistical tests for the hypothesis H0:β = 0,
obtaining p-values to gauge statistical significance of VR session’s
impact. We also calculated 95% confidence intervals for β, thereby
providing the entire range of plausible values for that effect. Results are
presented in Table 4, including separate models for interest in content
and in VR/technology, respectively, as well as a model that combines
the data from both categories. Results for separate models do not show
a statistically significant effect at the typical level of 0.05 for either the
environment or technology interest (p-values of 0.126 and 0.109,
respectively), but still present some evidence for the increased
interest in topics after the VR session due to most of the plausible
values being above 0 for both the content- and VR-related topics. The
model which included all questions, on the other hand, showed
statistical significance at the 0.05 level (p-value of 0.048). That goes

to confirm the intuition of the VR session having an impact on student
interest in topics, and how it helps to borrow strength across multiple
questions given the small sample size of student participants.

7.2 In-game data analysis

Our in-game telemetry data (Figure 12), collected during the
study, revealed that some participants spent longer reading
informational text inside the game than others. In the trash
pickup scene (Lesson 1), participants spent an average of 34.49 s
looking at each information panel about pollution and littering.
Between the three written information panels in Scene 2 (Figure 11),
participants spent an average of 59.24 s reading written information
in the trash collection scene. Participants spent an average of 83 s
inside the game scene, picking up trash. On average, participants
spent a total of 95 s reading written information in the game,
compared to an average of 260 s spent in the game total, which is
around 36% of their total game time reading written information,
suggesting that the content needed to be optimized and participants
voiced that during the discussion phase.

7.3 Qualitative data analysis

The qualitative responses collected were audio recorded and
then transcribed to generate reoccurring themes, and this section
elaborates on the responses and themes (Guest et al., 2011). Our
qualitative data analysis follows a tiered approach and an inductive
methodology (Planning a qualitative study, 2018) to generate themes.
In Tier 1, the initial coder examined the transcript identifying
recurring themes, clustering them based on similarity and using
the descriptive coding methodology to label them. This clustering
formed the foundation for subsequent analysis. Moving to Tier 2, a
second coder independently reviewed the clustered themes and
descriptive terms associated with them, providing validation by
either corroborating existing clusters or proposing new ones as
necessary. Finally, Tier 3 involved collaborative discussions
between both coders to assess the relevance and significance of
the clustered themes and descriptive terms associated with them.
Through iterative deliberations and consensus-building, the final
classification of themes was determined.

Career Interests and Environmental Awareness - Participants
showed a common interest in careers related to arts and healthcare.
Their passion for environmental protection was notable. One
participant mentioned how art in public spaces can showcase the
dangers of ecological challenges, and another participant stressed
the importance of clean air and how both plants and humans depend

TABLE 4 Summaries of estimated Likert scores for topic interest questions before and after the VR session and confidence interval for those changes.

Question Type Likert
score (pre)

Liker score
(post)

95% Confidence interval for
score increase

P-value for hypothesis testing for
presence of a score increase

Interest in
content(environment)

4.32 4.48 (-0.046,0.379) 0.126

Interest in VR /Technology 4.17 4.39 (-0.047,0.492) 0.109

All questions 4.26 4.45 (0.003,0.372) 0.0478*
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on it. These participants were also passionate about helping others in
their community and globally. They also recognized how their career
interests relate to environmental protection. Participant [PID
060603] mentioned how, as an artist, they could make a
“drawing to represent helping/supporting sealife” to “help some
people understand about the situation going on”. Another
participant, [PID 060703], wanted their future career to focus on
“mak(ing) people (become) more aware of different disparities like
global warming” and “(not) focus on the wrong (but also) bring
solutions.” The desire to help humans and animals placed
participants in a pivotal position to relate to the game’s mission
to educate the audience on the importance of marine ecosystem
protection and conservation.

Realism and engagement through action items- Participants
were satisfied with the game but believed that the game could be
more engaging. This theme is consistent with the post-study survey
response regarding engagement and realism (Figure 11), where
participants, although providing mostly positive feedback on the
VR simulation feeling real (the effect was found to be statistically
significant at 0.05 level), had mixed responses regarding the
engagement aspect and feeling part of the scene (not statistically
significant). Participants suggested adding more interactive
elements, enhanced graphics, and action items. Environmental
markers, such as more marine animals or trash and action items
(i.e., moving more, grabbing the bag before the sea turtle did, etc.) or
improving the graphics in the game, would make participants feel
more immersed in the game. However, one participant commented
that “(there was) nothing they did not like” and that the “game was
self-explanatory” (and) successfully conveyed the intended message.
This dichotomy between wanting to add more interaction and

having an easy-to-navigate simulation is insightful for
educational VR developers, particularly ones focused on low-cost
VR applications. For the survey question related to engagement,
realism, and their desire to help the turtle (Table 2), participants
suggested adding more items in the surrounding areas in the
underwater and boat scenes. [PID 060705] proposed an
improvement for the game where there would be “a little bit
more garbage” and “birds in the air and garbage in the water.”
during the boat scene. Several participants, including [PID 060702],
wanted to” grab. the plastic bag” before the turtle choked. In
addition to increasing the readability of the text information in
the simulation, participants wanted increased interactivity by trying
to make it more interactive by adding, “more trash. to pick up more
trash. [and to] see the turtle eat more trash and how they react to it”
[PID 060722]. The same participant wanted to add amore “engaging
font,” such as “bubble letters. [or] bold letters [to] make it pop out
more”. [PID 060705] mentioned they liked the game because “it
spreads. awareness towards that cause of pollution. Plastic bottles
and bags. to save the turtles and stuff.” [PID 060607] wanted to learn
more about pollution and wanted “more information on different
types of pollution.” [PID 060606] brainstormed ways to incorporate
environmental awareness into their careers, such as creating art
depicting the ocean and coral bleaching. Overall, the participants
connected with the simulation’s message, and there were strong
indicators that they wanted to incorporate these into their daily and
future lives.

Educational simulations vs. games, expectation challenges: An
additional noteworthy finding emerged from the open-ended
responses, shedding light on the stark contrast in participants’
expectations between a “VR game” and an “Educational VR

FIGURE 12
illustrating average time spent in seconds across Scene 1, Scene 2 and Scene 3 along with average time spent reading text UI in Scene 1 and Scene 2.
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simulation.” These responses underscored the significance of
framing and categorization in virtual reality experiences.
Participants approached this simulation as a game created solely
for entertainment. For the pre-study question on how often they
interact with smartphones and computers, most responded
affirmatively to the option “few times a week.” Responding to the
question, “How interested are you in the topic of video games?” nine
out of the 12 participants expressed a range of interest from
“strongly interested” to simply “interested.” A traditional VR
gaming experience expectation does not align with the goal of
our awareness simulation, where the focus is not on competition
or challenges but on immersive learning and informational value.

This expectation disparity suggests that the choice of
terminology and the context in which VR experiences are
presented can significantly influence participants’ perceptions and
engagement. This finding underscores the importance of effectively
communicating VR simulations’ educational intent and benefits to
participants. It highlights the need for clear and accurate labeling
and marketing of VR content to ensure that users have appropriate
expectations and can fully appreciate the educational value that VR
simulations can offer. Additionally, it emphasizes the potential for
optimizing the design and presentation of educational VR
experiences to align with users’ educational objectives and
preferences, ultimately enhancing the effectiveness of VR-based
learning tools.

Emotional connection and awareness goals: A central topic of
interest shared by many participants was the interaction between the
sea turtle and the plastic bag in the underwater scene. While some
participants wanted the opportunity to save the sea turtle, others
were introduced to or learned more about the issue of turtles eating
plastic bags, mistaking them for jellyfish. It is essential that
participants were focused on the underwater scene because it
connects directly to the message and overall purpose of the
game: to educate the audience on common obstacles created by
plastic pollution and to encourage additional environmental actions
once the player concludes playing the game. In addition, participant
data reveals that nine (out of twelve) agree on a five-point scale that
the turtle is real. This is also consistent with the results illustrated
in Figure 11.

Acknowledging the Limitations of Google Cardboard VR:
Participants recognized the limitations of Google Cardboard VR,
including lower-quality graphics and limited interactivity. However,
as most could grasp the study’s goal, it is feasible to work within
realistic expectations of the platform and leverage the educational
value and accessibility of Google Cardboard VR for wider reach.

In the study’s conclusions, participants demonstrated an
alignment between their career interests and environmental
awareness, indicating a fertile ground for integrating
environmental education within various professional fields. The
desire for more dynamic and graphically immersive elements in
VR suggests a need for educational simulations that balance
interactivity with informative content. The study also highlights
the importance of setting clear expectations for VR experiences to
enhance educational engagement. Emotional connections,
particularly through realistic simulations, emerged as key to
deepening environmental understanding. Finally, despite its
limitations, the Google Cardboard VR’s accessibility suggests its
potential for broadening educational outreach and impact.

8 Discussion

Here, we discuss the insights drawn from both data analyses,
emphasizing the implications for educational VR design and the
potential of VR-based environmental education.

Motivational Impact of VR on Environmental Awareness: The
results demonstrate that the VR simulation positively influenced
students’motivation to learn more about environmental topics. The
student responses for the Likert scale ratings related to
environmental motivation were significantly above the neutral
score of 3, with a lower bound of the confidence interval at 3.4.
This statistically significant finding suggests that the VR experience
engaged students and increased their interest in environmental
issues, including topics such as marine life, pollution, and
conservation. This engagement was evident in students’ feedback.
For example, Participant [PID 060607] expressed a desire to “learn
more about different types of pollution”. These responses
underscore the potential of VR to evoke a strong interest in
environmental protection, suggesting that VR-based simulations
can be powerful tools to foster environmental stewardship among
young audiences.

Realism, Presence, and Engagement in the VR Experience: The
study revealed nuanced perceptions regarding the realism and
immersive quality of the VR simulation. The quantitative data
indicated that students rated the VR environment as moderately
realistic, with average scores significantly above 3. However,
responses related to feeling “surrounded” or “immersed” did not
reach statistical significance, with a wide confidence interval that
included the neutral score. This suggests that while students found
the simulation visually realistic, they did not feel fully immersed in
the environment—a limitation likely tied to the low-fidelity, single-
sensory nature of Google Cardboard VR. Qualitative feedback
corroborates these findings, highlighting both positive reactions
and limitations in perceived immersion. Participant [PID 060705]
suggested the simulation would feel more immersive if there were
“birds in the air” or more visible garbage in the water during the boat
scene, adding that “grabbing the plastic bag” before the turtle choked
could increase interactivity. This feedback emphasizes the
importance of balancing realism with interactivity in educational
VR, especially when using low-cost VR tools like Google Cardboard.

For future environmental educational simulations, it would be
advantageous to incorporate these analogies and encourage
participants to actively engage in conservation as responsible
citizens and motivate them to pursue careers in environmental
preservation.

Emotional Engagement and Connection to Environmental
Issues: The VR simulation’s emotional impact emerged as a
central theme in students’ responses, particularly concerning
scenes depicting marine pollution’s impact on wildlife. The
underwater scene where a sea turtle mistakes plastic for food
resonated deeply with students. Likert scale responses showed
that students felt a connection to the turtle and the
environmental issues presented, with high ratings in motivation
to learn more about environmental protection. Participants’
comments reflected this too, where several expressed a desire to
help the turtle or engage more deeply with the scene. For instance,
some participants voiced disappointment at not being able to “save
the turtle,” suggesting a desire for more direct involvement in the
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scenario. The focus on this scene highlights how VR can elicit
empathy and raise awareness about environmental challenges. By
creating emotionally impactful scenarios, VR simulations may
inspire young audiences to think critically about environmental
issues and consider personal actions or future careers that contribute
to conservation (Springer, 2008).

Balancing Accessibility and Quality in VR for Education: The
Google Cardboard VR platform, while accessible and affordable,
introduced limitations that affected the perceived quality and
realism of the experience. Although the participants rated the
simulation as relatively realistic, impact of limited immersion due
to the single-sensory and low-fidelity display was evident. Several
participants commented on these limitations, with several
mentioning that the graphics were “blurry” or that the simulation
lacked detail in certain scenes. Despite these critiques, many
participants recognized the accessibility advantages of Google
Cardboard, with one participant noting that the VR experience
“spread awareness toward pollution” effectively despite the
limitations in graphic quality.

This feedback underscores a key consideration for educational VR
design: while high-fidelity VR systems offer greater immersion, they
may be inaccessible for resource-constrained settings. Google
Cardboard VR provides a feasible alternative for wider educational
outreach, but developers may need to compensate for its limitations by
carefully designing engaging content that leverages the platform’s
strengths. For instance, increasing interactive elements and
optimizing text readability within the simulation could improve
engagement without requiring higher-resolution displays.
Additionally, the pandemic demonstrated the need for cost-effective
technologies solutions when reusing headsets is not feasible, Google
Cardboard VR provides a suitable alternative solution where we want
to reach a broader community to have meaningful long-lasting impact.

9 Conclusion, limitations, and
future work

Our pilot study highlights the potential of Google Cardboard
VR, as an effective and accessible tool for raising awareness about
environmental issues and engaging participants in a meaningful way
however there were several limitations to this study.

The remote data collection framework introduced in Section 5
represents a step towards real-time game analytcs data collection for
handeld or smartphone based VR viewers. However, our framework
was unable to clearly distinguish time spent reading billboards if the
player looked around the environement too frequently and we were
also unable to collect granular data on the time spent on observing
objects in the environment. These challenges in fine-grain telemetry
data analysis, such as tracking participants’ reaction times and gaze
behavior are limitations of our current framework that require
future work. Moreover, the possibility of replaying the simulation
remains an avenue for future investigation and development.

Frame rate constraints, particularly the challenges of deploying
this app across diverse mobile devices, led to a design decision to
reduce the fidelity of the graphic elements in the game. Slower frame
rates cause severe issues with engaging users, but creating a realistic
simulation causes the simulation to have longer loading times.
Although Google Cardboard platform addressed the challenges of

a remote VR study, Google Cardboard is designed for a regular
mobile device, it cannot produce photorealistic real-time
environments, limiting any VR simulation to a more cartoon
style and mostly static environment. Google Cardboard also lacks
a controller and does not have positional headtracking, limiting
player interaction to looking around the environment from a sitting
position and pressing a button on their headset. We plan to
investigate ways to further optimize our simulation and balance
fidelity and engagement.

The small sample size of our participant pool is also a limitation.
As we conducted this study when our school system was still
transitioning out of hybrid learning we were unable to recruit
more participants at that time. For future work we propose
expanding this study to include more participants to get
robust feedback.

As we navigate the post-COVID-19 landscape, it is evident that
some practices, like remote learning, are here to stay, and Google
Cardboard VR can play a vital role in engaging students in
immersive, time-bound virtual experiences. Our findings indicate
a promising strategy to utilize the platform’s accessibility for broader
community outreach, extending the environmental message beyond
the confines of the classroom to achieve a more substantial and
enduring impact.

For future work, we also plan to incorporate participants’ requests
for the expansion of our existing simulation, by addingmore items for
trash collection. One such scenario can be to addres the pressing
concern of pandemic-related waste products in the ocean highlighting
the importance of more interactable elements. From a development
perspective, expanding any application is greatly aided by reusable
assets and, while some of the design patterns we followed produced
these, just as often we had to handcraft “one-off” animations and
interactions (Table 5). Participants expressed an interests in both
reusable (trash collection) and one-off assets (choking sea turtle),
showing that both have value. “One-off” assets require considerable
time to produce compared to their limited use, so future work is
needed to create new techniques for efficiently adapting “one-off”
assets to new scenarios and expanding their use. Additionally, future
investigations into which design patterns best achieve learning and
advocacy goals is needed to help researchers focus their design and
development, improve outcomes, and reduce the development
burden. We believe this future work to be important because the
simplicity and reach of Google Cardboard VR offers promising
prospects for public engagement in environmental challenges.

In conclusion, Google carboard VR as an educational tool, with
its accessibility and versatility, presents an exciting avenue for
raising awareness about environmental challenges and engaging
the public. Our research has laid the groundwork, and future
work will focus on refining data collection, enhancing
simulations, and addressing emerging environmental concerns.
Our current simulation design emphasizes that VR can be a
powerful catalyst for organic creativity, particularly in the context
of environmental education. By creating experiences that align with
natural human instincts and emotions, we aim to foster an innate
connection with the environment and stimulate the emotional
connection necessary for innovative problem-solving and
environmental stewardship. An adaptive approach such as this,
can be instrumental in developing educational content that is not
only accessible but also rich in experiential learning, preparing a
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blueprint for future educational technologies that are inclusive and
effective across various learning settings.
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