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Tropical peatland ecosystems are ecologically important yet often
neglected in formal biology education due to accessibility and logistical
limitations. In Central Kalimantan, where peatland biodiversity is rich but
difficult to observe directly, students face challenges in understanding
complex ecological interactions and local environmental issues. This study
examined the effectiveness of Virtual Reality (VR) as an immersive
learning tool to enhance students’ conceptual understanding, engagement,
and ecological awareness. A mixed-methods exploratory-descriptive
design was employed involving 14 undergraduate students from the
Biology Education program at Universitas Muhammadiyah Palangka
Raya. Participants interacted with a custom-developed VR module titled

“Exploring Peatland Biodiversity” during two guided sessions over two
weeks. Data were collected through pre- and post-tests, observation
checklists, and focus group discussions (FGDs). Results showed a
significant increase in students’ learning outcomes, with average test
scores rising from 56.93 (pre-test) to 81.79 (post-test). A paired samples t-
test confirmed the improvement as statistically significant (mean
difference = 24.86, p < 0.001). Qualitative findings revealed that students
perceived the VR module as realistic and emotionally engaging. They
demonstrated improved species recognition, understanding of ecological
processes, and awareness of threats such as deforestation and peat fires.
The study concludes that VR offers an effective solution for biodiversity
learning in remote and fragile ecosystems, enhancing both knowledge and
environmental concern.

INTRODUCTION

Peatland ecosystems are among the most significant and vulnerable ecological systems on
Earth (Pratiwi et al., 2021). Characterized by water-saturated conditions and thick organic soil
layers formed over thousands of years, peatlands play a crucial role in regulating global climate
through carbon sequestration, supporting high levels of biodiversity, and sustaining hydrological
balance (Syahza et al., 2020). Indonesia, particularly the island of Kalimantan, harbors one of the
largest tropical peatland areas in the world, with Central Kalimantan recognized as a critical hotspot
for peat biodiversity (Striner & Preece, 2018). However, these ecosystems are under constant threat
from deforestation, drainage, and fires, exacerbated by low levels of environmental awareness and
education regarding their ecological importance (Taufik et al., 2019).

Palangka Raya, the capital city of Central Kalimantan, is geographically and ecologically
intertwined with peatland landscapes (McMillan et al., 2017). As such, it offers a unique
opportunity for local universities to serve as centers of excellence in peatland education and
conservation (Lo & Tsai, 2022). Universitas Muhammadiyah Palangka Raya (UMPR), through its
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Faculty of Education and Science and Biology Education undergraduate program, has made
peatland conservation one of its academic and research priorities (Rambach et al., 2020). However,
field-based learning, which is essential for understanding biodiversity in peat ecosystems, faces
several challenges ranging from limited access to peat sites, logistical constraints, safety concerns
due to peat fires, and the fragile condition of the environment itself (Sari’ani et al., 2024).

Virtual Reality (VR) has emerged as a promising innovation in science education, offering
immersive and interactive simulations that replicate real-world environments. In biodiversity
learning, VR enables students to explore complex ecosystems such as tropical peatlands without the
logistical, environmental, or safety constraints of direct fieldwork. Through 360° visualization and
user interaction, VR supports active learning by enabling learners to observe species, examine
ecological processes, and experience environmental scenarios in ways that traditional media cannot.
Several studies support its pedagogical benefits: Chang et al. (2020) and Cheng & Tsai (2021)
highlighted VR’s ability to boost student motivation and ecological empathy, while Wojciechowski
and Cellary (2013) found significant improvements in students’ conceptual retention through VR-
based instruction. Rahman et al. (2022) further emphasized how virtual laboratories contribute to
deeper understanding of biological systems (Rodriguez & Davis, 2024) Despite these promising
outcomes, most existing studies are conducted in well-resourced institutions and focus on general
environmental education topics, with limited attention to region-specific biodiversity or
marginalized ecosystems like Southeast Asian peatlands (Page, 2021).

Moreover, there is a research gap regarding the contextual implementation of VR in
underrepresented ecological zones such as Kalimantan’s peat swamp forests, especially within
regional universities. Previous studies have rarely examined how locally grounded VR content
featuring endemic species and conservation challenges unique to a specific region can influence
student learning and ecological awareness. This study addresses that gap by focusing on the
integration of VR in biodiversity education at Universitas Muhammadiyah Palangka Raya (UMPR),
leveraging immersive technology to simulate the rich yet threatened peatland ecosystems of Central
Kalimantan. By exploring how VR can be tailored to support place-based environmental education,
this research offers both practical insights and theoretical contributions to the growing discourse on
digital innovation in sustainability learning.Within the context of Palangka Raya, the application of
VR in biodiversity education aligns with both the regional environmental challenges and the
national push toward digital transformation in higher education (Mulders et al., 2025). Moreover,
the digital documentation of peatland species many of which are endemic and under threat can
contribute to a long-term virtual repository that supports both academic and conservation goals
(Rahman & Dewi, 2022). Implementing VR-based modules that simulate real peatland
environments also enables students to identify species, observe ecological interactions, and learn
conservation strategies in a safe and engaging way (Nuroniah et al., 2021). Despite the potential of
VR in enhancing biodiversity education, its implementation in Indonesian higher education,
particularly in regional universities like UMPR, remains limited. There is a lack of empirical studies
documenting the process, outcomes, and challenges of integrating VR in environmental science
curricula. Additionally, local biodiversity data are often underrepresented in educational content,
highlighting the need for context-specific virtual learning environments that reflect the richness of
Kalimantan’s peatland ecosystems (Meng et al., 2024)(Sinaga et al., 2024).

Therefore, this article seeks to explore the implementation of Virtual Reality in biodiversity
learning at Universitas Muhammadiyah Palangka Raya, focusing on the peatland ecosystem as a
case study. The study aims to examine the pedagogical impact, student perceptions, and the
potential of VR to foster ecological awareness and conservation ethics among future educators.
Through this initiative, it is expected that digital innovation can bridge the gap between ecological
theory and environmental action, while strengthening the role of local universities in preserving
Indonesia’s peatland heritage.
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MATERIALS AND METHODS
1. Time and Place of Research
The research was conducted from August to November 2024 at the Digital Learning
Laboratory, Biology Education Study Program on FBIT Muhammadiyah Palangka Raya
University (UMPR), located in Central Kalimantan, Indonesia. The site was selected due to its
ecological relevance to peatland ecosystems and the institution’s focus on environmental and
biodiversity education.
2. Type and Method of Research
This study employed a mixed-methods approach with an exploratory-descriptive design,
integrating both quantitative and qualitative data to analyze the implementation of Virtual Reality
(VR) as a learning innovation. The mixed-methods strategy allowed for in-depth analysis of
learning outcomes and student perceptions within a contextualized biodiversity learning
experience.
3. Instruments and Materials of Research
The materials and instruments used in this study included Meta Quest 2 VR headsets and a
specialized VR module entitled "Exploring Peatland Biodiversity", developed using Unity 3D.
The module simulated an immersive 360° environment of a tropical peat swamp forest in Central
Kalimantan. The interactive content included species identification (e.g., Nepenthes spp., Shorea
spp., orangutans), ecosystem interaction visualizations (e.g., food webs, carbon cycle), and
simulated conservation issues (e.g., peat fires, illegal logging). Data collection tools consisted of
a cognitive test (pre- and post-tests), observation checklists, and a Focus Group Discussion
(FGD) guide.
4. Population and Sample
The population in this study comprised students enrolled in the “Biodiversity of Tropical
Ecosystems” course at UMPR. A purposive sample of 14 undergraduate students was selected,
with the criteria that participants had no prior experience with peatland field studies. This was
intended to measure the impact of the VR module on students who were completely unfamiliar
with the peatland environment.
5. Research Procedure
Research procedure was divided into three stages: (1) preparation, (2) implementation, and
(3) evaluation. During the preparation stage, the research team developed the VR module,
constructed assessment tools, and conducted a trial to ensure technical readiness. In the
implementation stage, students first completed a pre-test to measure initial knowledge levels,
followed by an orientation session on the VR system. Subsequently, they participated in two
guided VR learning sessions (60 minutes each) over two weeks. During the sessions, students
explored the virtual environment, interacted with learning elements, completed embedded
quizzes, and made ecological observations. In the evaluation stage, students completed a post-
test and participated in FGDs to provide reflective feedback on their experiences (Figure 1.). The
sequence of implementation followed recommendations for immersive environmental learning
design, particularly in structuring cognitive engagement and reflection phases (Lo & Tsai, 2022)
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6. Data Collection Techniques
Data collection techniques included a cognitive test comprising 20 multiple-choice and 5
short-answer items on peatland biodiversity, administered before and after the intervention.
Observation checklists were completed by facilitators to record student activity, interaction, and
responses during VR sessions. Focus Group Discussions (FGDs) were used to explore students’
perceptions, emotional engagement, and suggestions for further development of the VR learning
model.
7. Data Analysis Techniques
Quantitative data were analyzed using paired sample t-tests via SPSS to identify statistically
significant differences between pre- and post-test scores. Meanwhile, qualitative data from FGDs
were examined using thematic analysis to identify recurring themes related to ecological
awareness, immersion, and usability. Triangulation was applied across test results, observational
data, and FGD responses to ensure the credibility and validity of the findings.

RESULTS AND DISCUSSION

The results of the study revealed a significant improvement in students’ understanding of
peatland biodiversity following the implementation of the VR-based learning module. Quantitative
data were obtained from 14 participants through pre-test and post-test assessments, with 25 items in
total (20 multiple-choice and 5 short-answer questions). The scores of each participant were
analyzed using SPSS 25.0 to determine the statistical significance of learning gains. The individual
pre-test and post-test scores for all participants, these findings suggest that the use of immersive
virtual environments facilitated deeper conceptual understanding and retention of biodiversity-
related knowledge, particularly regarding species identification, ecosystem interactions, and
conservation threats within peat swamp forests. Observational data collected during the VR sessions
further supported these findings. Students exhibited high levels of engagement, curiosity, and
interaction with the learning environment. Most participants actively explored the virtual forest,
revisiting hotspots such as areas containing orangutan habitats, carnivorous pitcher plants
(Nepenthes spp.), and canopy-level tree species (Shorea spp.). Notably, many students
demonstrated increased motivation to learn outside of class, with some expressing interest in
visiting real peatland areas as a follow-up to their VR experience (Zhao & Sun, 2025). This aligns
with prior studies by Chang et al. (2020) and Cheng & Tsai (2021), which found that immersive
technologies can enhance environmental attitudes and learning motivation by providing emotionally
rich, memorable experiences (Pratiwi et al., 2021).
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Figure 2. Pre-test and Post-test Scores of Participants (N = 14)

Figure 2 visually represents the individual scores of 14 student participants before and after
engaging with the VR-based biodiversity learning module. The graph clearly illustrates a consistent
and substantial improvement in post-test scores across nearly all participants. While pre-test scores
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varied and clustered in the lower range (between 50 and 60), post-test scores showed a marked
upward trend, with the majority of students scoring above 80. This distribution pattern highlights
not only the overall effectiveness of the VR module in enhancing conceptual understanding but also
the uniform benefit experienced across different learners, regardless of their initial knowledge level.
The upward trajectory across participants supports the statistical findings reported in Table 3, where
a significant mean difference of 24.86 points (p < 0.001) was observed. The visual evidence
provided in this figure aligns with previous research emphasizing the impact of immersive
technologies on learning outcomes (Chang et al., 2020; Herwidiah et al., 2024). Furthermore, the
consistently improved scores indicate that immersive VR modules can be a powerful equalizing tool
in environmental education, helping students with diverse academic backgrounds achieve
meaningful learning gains.

Tabel 1. Pre-test and Post-test Scores of Participants (N = 14)

Test Type Mean Score
Pre-test 56.93
Post-test 81.79

Table 1 shows the descriptive statistics of student learning outcomes before and after the VR-
based intervention. The increase in mean scores from 56.93 (pre-test) to 81.79 (post-test) indicates a
marked improvement in conceptual understanding of peatland biodiversity. This gain is consistent
with Chang et al. (2020), who found that immersive learning environments increase student
engagement and improve cognitive outcomes in science education. The low standard deviations in
both tests suggest that the learning gains were consistent across the sample. These results align with
Herwidiah et al. (2024), who emphasized the value of visual and spatial representations in
supporting students' ability to retain ecological knowledge, especially in abstract and complex
domains like biodiversity. This increase reflects higher conceptual retention, especially in taxonomy
and ecological interaction, as emphasized in immersive learning literature (Herwidiah et al., 2024;
Chang et al., 2020).

Tabel 2. Paired Result Sample of t-test to Pre-test and Post-test Score

Statistik Pre-test Post-test
N 14 14
Mean 56.93 81.79
Std. Deviation 1.73 2.03
Std. Error Mean 0.46 0.54

Table 2 reinforces the general trend in Table 1 by isolating the mean values, highlighting the
24.86-point improvement in learning outcomes. This improvement supports the assertion by
Rahman et al. (2022) that virtual laboratories and immersive modules can bridge gaps in field-based
experiences, especially in remote ecosystems like peatlands. The VR experience simulated key
biodiversity features—such as Nepenthes spp., orangutans, and tropical tree canopies making
ecological content more concrete and easier to grasp for students (Giesen & Waulffraat, 2018).

Tabel 3. Paired Samples Test

Test Type Mean Difference Std. Dev Std. Error Mean t df Sig. (2-tailed)

Post-test — Pre-test 24.86 1.17 0.31 80.09 13 .000*

Table 3 provides the inferential analysis confirming the significance of the learning
improvement. The t-test result (t = 80.09; p < 0.001) shows a statistically significant difference
between pre- and post-test scores. This result strengthens the conclusion that VR learning
environments are effective in improving student comprehension of complex ecological topics.
According to O’Neill (2019), immersive experiences foster a deeper cognitive and emotional
connection to content, particularly in environmental education. The very small standard error (0.31)
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and low standard deviation suggest high reliability in the intervention’s effectiveness, as also
discussed in Situmorang et al. (2019), who observed similar patterns of consistent learning gains in
immersive science learning contexts.

This study aimed to explore the pedagogical impact of Virtual Reality (VR) on biodiversity
learning in peatland ecosystems, assess students’ perceptions of immersive learning, and evaluate
its potential in fostering ecological awareness and conservation ethics among prospective biology
educators (Schaffner, n.d.). The results of the study affirm all three objectives, offering both
quantitative and qualitative evidence of VR’s effectiveness in transforming biology education
(Wulandari, 2023).

Tabel 4. VR structure Module Video

Part Module Video Explanation
Opening

Conten : Display of logos:
Muhammadiyah University of
Palangka Raya (UMPR), Faculty of
Science, Technology, and Education
(FBIT), Biology Education Program.

MM M

Bornean Orangutan (Pongo pygmaeus)

This great ape is a keystone species in the peat
swamp forest. It helps disperse seeds and maintain

Title overlay: “Exploring the Peatland
Ecosystem — A 360° Immersive

forest diversity. Orangu Iy Experience”
endangered due to hab ¢
hunting.

Explanation

Conten : Visual: Tall Shorea Orang
Utan (Spongo sp) trees, Ramin
(Gonystylus sp.), Jelutung (Dyera sp.),
Nepenthes sp, on the forest floor.

Orangutans  swinging on trees,
hornbills flying overhead, long-tailed
macaques at water edges

Closing

eatve rse Ranin Troe- Guardian Aerial 360° view of intact peat forest +
VR Exploration ki s overlay of institutional logos again

i g tr

Table 4. outlines the pedagogical design of the VR module used in this study. The structured
sequencing from institutional identity (opening), immersive biodiversity experience (main), to
conservation reflection (closing) enhances narrative coherence and emotional engagement (Lo &
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Tsai, 2022). Including iconic and endemic species of Central Kalimantan, such as Shorea spp. and
orangutans, situates the learning within a local ecological context, supporting place-based
environmental education (Aini et al., 2023; Nuroniah et al., 2021). This approach is critical in
fostering not just knowledge acquisition, but also conservation ethics and regional ecological
empathy (Sari’ani et al., 2024).

The integration of the VR-based module significantly improved students' cognitive
understanding of tropical peatland biodiversity. A total of 14 students completed both the pre- and
post-tests. The statistical analysis using a paired-sample t-test showed a significant increase in test
scores (pre-test mean = 56.93; post-test mean = 81.79; p < 0.001). This 24.86-point gain indicates
that immersive VR environments support deeper comprehension and retention, especially in
complex ecological domains that are typically abstract when taught through conventional methods.
Students were better able to identify native species such as Nepenthes spp. (pitcher plants), Shorea
spp. (tropical hardwood trees), and orangutans. They also demonstrated improved understanding of
ecological relationships, including food webs and nutrient cycles, as well as anthropogenic threats
like illegal logging and peat fires. These findings support the growing body of literature affirming
that immersive technology strengthens conceptual learning, especially when integrated within
place-based ecological contexts (Herwidiah et al., 2024)(Fauziah et al., 2018).

Focus Group Discussions (FGDs) revealed overwhelmingly positive student perceptions
toward the VR learning experience. Participants described the module as “realistic,” “engaging,”
and “educationally eye-opening,” particularly for students who had never been to a real peatland
(Leksono et al., 2021). The immersive nature of the experience elicited emotional responses
especially when encountering virtual scenes of ecosystem degradation which enhanced students’
empathy toward environmental issues (Shih et al., 2021). In alignment with the study's second
objective, students reported that the interactive and exploratory design of the VR module helped
them internalize abstract ecological concepts more meaningfully (Campos et al., 2024)(Rahmawati
et al., 2022). The opportunity to "walk through” the virtual swamp and interact with various species
made learning more memorable and personal. Several students also expressed increased motivation
to pursue further environmental learning and conservation activities outside the classroom,
highlighting VR’s motivational power (Purwanti & Ardiansyah, 2019).

One of the most significant impacts observed aligns with the study’s third objective: the
potential of VR to nurture ecological awareness and conservation-mindedness (Situmorang et al.,
2019) (Aini et al., 2023). Students reflected a newfound appreciation for the richness and fragility
of peatland ecosystems, often expressing concern for local environmental degradation (Giesen &
Woulffraat, 2018) The contextual design of the VR module which incorporated local species and
realistic conservation scenarios from Central Kalimantan played a critical role in making the
learning relevant and emotionally resonant. These findings echo previous studies (e.g., Chang et al.,
2020; Lo & Tsai, 2022) that emphasize the role of immersive technologies in fostering
environmental ethics. Not only did students gain factual knowledge, but they also demonstrated
signs of value formation, such as recognizing the importance of protecting native biodiversity and
voicing personal commitments to sustainable behavior. This highlights the promise of VR in
shaping both cognitive and affective domains of sustainability education (O’Neill, 2019) (Sukardjo
& Djuarsa, 2017).

While the study results were largely positive, some limitations were noted (Voss & Harper,
2020). A few students experienced mild disorientation during VR navigation, suggesting the need
for improved interface design or onboarding tutorials (Schuyt & Brander, 2015). Furthermore, the
small sample size and short intervention period limit the generalizability of findings. Future
research should include longitudinal studies to examine behavioral impacts over time, as well as
investigations into the scalability of VR modules in resource-limited institutions (Lin et al., 2019).

CONCLUSION
This study set out to investigate the pedagogical impact of Virtual Reality (VR) on
biodiversity education, examine students' perceptions of immersive learning, and explore VR’s
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potential to cultivate ecological awareness and conservation ethics. The findings strongly support
all three objectives, with empirical data and descriptive insights. VR-based learning significantly
improved students’ conceptual understanding of peatland biodiversity. The average score increased
from 56.93 in the pre-test to 81.79 in the post-test, with a statistically significant mean difference of
24.86 points (p < 0.001). This quantitative result confirms the effectiveness of immersive
environments in facilitating deeper cognitive learning, particularly in identifying species,
understanding ecological processes, and recognizing environmental threats. Observational data
during the VR sessions indicated high levels of student engagement. Participants were actively
involved in navigating the virtual peat forest, showing curiosity and motivation, especially when
exploring hotspots such as orangutan habitats and pitcher plant zones. These behavioral indicators
reflect the VR module’s ability to promote active, inquiry-based learning. Qualitative findings from
Focus Group Discussions revealed that students perceived the VR experience as realistic,
meaningful, and emotionally engaging. Many expressed increased empathy toward environmental
issues and a stronger desire to engage in real-world conservation efforts. Importantly, the inclusion
of locally contextualized content featuring native species and region-specific ecological challenges
enhanced the relevance and impact of the learning experience. Taken together, these results
demonstrate that Virtual Reality is not merely an engaging technological tool but a pedagogically
powerful medium capable of bridging gaps between abstract ecological theory and real-world
environmental understanding. It offers an accessible and scalable solution for biodiversity education
in regions where field access is limited, such as Central Kalimantan’s peatlands. Future research is
recommended to assess the long-term behavioral impact of immersive learning and its integration
into broader curriculum frameworks.
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