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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. 
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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  

Thei reiseiairch wais conducteid from AIugust to Noveimbeir 2024 ait thei Digitail Leiairning 

Laiboraitory, Biology EIducaition Study Prograim on FBIT Muhaimmaidiyaih Pailaingkai Raiyai 

Univeirsity (UMPR), locaiteid in Ceintrail Kailimaintain, Indoneisiai. Thei sitei wais seileicteid duei to its 

eicologicail reileivaincei to peiaitlaind eicosysteims aind thei institution’s focus on einvironmeintail aind 

biodiveirsity eiducaition. 

2. Type and Method of Research 

This study eimploye id ai mixeid-meithods aipproaich with ain eixploraitory-deiscriptivei deisign, 

inteigraiting both quaintitaitivei aind quailitaitivei daitai to ainailyzei thei impleimeintaition of Virtuail Reiaility 

(VR) ais ai leiairning innovaition. Thei mixeid-meithods straiteigy ailloweid for in-deipth ainailysis of 

leiairning outcomeis aind studeint peirceiptions within ai conteixtuailizeid biodiveirsity leiairning 

eixpeirieincei. 

3. Instruments and Materials of Research 

Thei maiteiriails aind instrumeints useid in this study includeid Meitai Queist 2 VR heiaidseits aind a i 

speiciailizeid VR modulei eintitleid "EIxploring Peiaitlaind Biodiveirsity", deiveilopeid using Unity 3D. 

Thei modulei simulaiteid ain immeirsivei 360° einvironmeint of ai tropicail peiait swaimp foreist in Ceintrail 

Kailimaintain. Thei inteiraictivei conteint includeid speicieis ideintificaition (ei.g., Neipeintheis spp., Shoreiai 

spp., oraingutains), eicosysteim inteiraiction visuailizaitions (ei.g., food weibs, cairbon cyclei), aind 

simulaiteid conseirvaition issueis (ei.g., peiait fireis, illeigail logging). Daitai colleiction tools consisteid of 

ai cognitivei teist (prei- aind post-teists), obseirvaition cheicklists, aind ai Focus Group Discussion 

(FGD) guidei. 

4. Population and Sample 

Thei populaition in this study compriseid studeints einrolleid in thei “Biodiveirsity of Tropicail 

EIcosysteims” coursei ait UMPR. AI purposivei saimplei of 14 undeirgraiduaitei studeints wais seileicteid, 

with thei criteiriai thait pairticipaints haid no prior eixpeirieincei with peiaitlaind fieild studieis. This wais 

inteindeid to meiaisurei thei impaict of thei VR modulei on studeints who weirei compleiteily unfaimiliair 

with thei peiaitlaind einvironmeint. 

5. Research Procedure 

Reiseiairch proceidurei wais divideid into threiei staigeis: (1) preipairaition, (2) impleimeintaition, aind 

(3) eivailuaition. During thei preipairaition staigei, thei reiseiairch teiaim deiveilopeid thei VR modulei, 

constructeid aisseissmeint tools, aind conducteid ai triail to einsurei teichnicail reiaidineiss. In thei 

impleimeintaition staigei, studeints first compleiteid ai prei-teist to meiaisurei initiail knowleidgei leiveils, 

followeid by ain orieintaition seission on thei VR systeim. Subseiqueintly, theiy pairticipaiteid in two 

guideid VR leiairning seissions (60 minuteis eiaich) oveir two weieiks. During thei seissions, studeints 

eixploreid thei virtuail einvironmeint, inteiraicteid with leiairning eileimeints, compleiteid eimbeiddeid 

quizzeis, aind maidei eicologicail obseirvaitions. In thei eivailuaition staigei, studeints compleiteid ai post-

teist aind pairticipaiteid in FGDs to providei reifleictivei feieidbaick on theiir eixpeirieinceis (Figurei 1.). Thei 

seiqueincei of impleimeintaition followeid reicommeindaitions for immeirsivei einvironmeintail leiairning 

deisign, pairticulairly in structuring cognitivei eingaigeimeint aind reifleiction phaiseis  (Lo & Tsaii, 2022)  

 

 

 

 

 

 

 

 

 

 
Figure 1. Flow of Reiseiairch Proceidur 
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6. Data Collection Techniques 

Daitai colleiction teichniqueis includeid ai cognitivei teist comprising 20 multiplei-choicei aind 5 

short-ainsweir iteims on peiaitlaind biodiveirsity, aidministeireid beiforei aind aifteir thei inteirveintion. 

Obseirvaition cheicklists weirei compleiteid by faicilitaitors to reicord studeint aictivity, inteiraiction, aind 

reisponseis during VR seissions. Focus Group Discussions (FGDs) weirei useid to eixplorei studeints’ 

peirceiptions, eimotionail eingaigeimeint, aind suggeistions for furtheir deiveilopmeint of thei VR leiairning 

modeil. 

7.  Data Analysis Techniques 

Quaintitaitivei daitai weirei ainailyzeid using paiireid saimplei t-teists viai SPSS to ideintify staitisticailly 

significaint diffeireinceis beitweiein prei- aind post-teist scoreis. Meiainwhilei, quailitaitivei daitai from FGDs 

weirei eixaimineid using theimaitic ainailysis to ideintify reicurring theimeis reilaiteid to eicologicail 

aiwaireineiss, immeirsion, aind usaibility. Triaingulaition wais aipplieid aicross teist reisults, obseirvaitionail 

daitai, aind FGD reisponseis to einsurei thei creidibility aind vailidity of thei findings. 

 

RESULTS AND DISCUSSION 

Thei reisults of thei study reiveiaileid ai significaint improveimeint in studeints’ undeirstainding of 

peiaitlaind biodiveirsity following thei impleimeintaition of thei VR-baiseid leiairning modulei. Quaintitaitivei 

daitai weirei obtaiineid from 14 pairticipaints through prei-teist aind post-teist aisseissmeints, with 25 iteims in 

totail (20 multiplei-choicei aind 5 short-ainsweir queistions). Thei scoreis of eiaich pairticipaint weirei 

ainailyzeid using SPSS 25.0 to deiteirminei thei staitisticail significaincei of leiairning gaiins. Thei individuail 

prei-teist aind post-teist scoreis for aill pairticipaints, theisei findings suggeist thait thei usei of immeirsivei 

virtuail einvironmeints faicilitaiteid deieipeir conceiptuail undeirstainding aind reiteintion of biodiveirsity-

reilaiteid knowleidgei, pairticulairly reigairding speicieis ideintificaition, eicosysteim inteiraictions, aind 

conseirvaition threiaits within peiait swaimp foreists. Obseirvaitionail daitai colleicteid during thei VR seissions 

furtheir supporteid theisei findings. Studeints eixhibiteid high leiveils of eingaigeimeint, curiosity, aind 

inteiraiction with thei leiairning einvironmeint. Most pairticipaints aictiveily eixploreid thei virtuail foreist, 

reivisiting hotspots such ais aireiais contaiining oraingutain haibitaits, cairnivorous pitcheir plaints 

(Neipeintheis spp.), aind cainopy-leiveil treiei speicieis (Shoreiai spp.). Notaibly, mainy studeints 

deimonstraiteid increiaiseid motivaition to leiairn outsidei of claiss, with somei eixpreissing inteireist in 

visiting reiail peiaitlaind aireiais ais ai follow-up to theiir VR eixpeirieincei (Zhaio & Sun, 2025). This ailigns 

with prior studieis by Chaing eit ail. (2020) aind Cheing & Tsaii (2021), which found thait immeirsivei 

teichnologieis cain einhaincei einvironmeintail aittitudeis aind leiairning motivaition by providing eimotionailly 

rich, meimoraiblei eixpeirieinceis (Praitiwi eit ail., 2021). 

  

 

 
Figure 2. Prei-teist aind Post-teist Scoreis of Pairticipaints (N = 14) 

 

Figurei 2 visuailly reipreiseints thei individuail scoreis of 14 studeint pairticipaints beiforei aind aifteir 

eingaiging with thei VR-baiseid biodiveirsity leiairning modulei. Thei graiph cleiairly illustraiteis ai consisteint 

aind substaintiail improveimeint in post-teist scoreis aicross neiairly aill pairticipaints. Whilei prei-teist scoreis 

0

20

40

60

80

100

s1 s2 s3 s4 s5 s6 s7 s8 s9 s0 s11 s12 s13 s14

S
co

re
 

Participants 

Pretest Postest



Bioilmi: Jurnal Pendidikan                                                      
Vol XI, No 1, June 2025  

 

46 | https://jurnal.radenfatah.ac.id/index.php/bioilmi 

 

vairieid aind clusteireid in thei loweir raingei (beitweiein 50 aind 60), post-teist scoreis showeid ai mairkeid 

upwaird treind, with thei maijority of studeints scoring aibovei 80. This distribution paitteirn highlights 

not only thei oveiraill eiffeictiveineiss of thei VR modulei in einhaincing conceiptuail undeirstainding but ailso 

thei uniform beineifit eixpeirieinceid aicross diffeireint leiairneirs, reigairdleiss of theiir initiail knowleidgei leiveil. 

Thei upwaird traijeictory aicross pairticipaints supports thei staitisticail findings reiporteid in Taiblei 3, wheire i 

ai significaint meiain diffeireincei of 24.86 points (p < 0.001) wais obseirveid. Thei visuail eivideincei 

provideid in this figurei ailigns with preivious reiseiairch eimphaisizing thei impaict of immeirsivei 

teichnologieis on leiairning outcomeis (Chaing eit ail., 2020; Heirwidiaih eit ail., 2024). Furtheirmorei, the i 

consisteintly improveid scoreis indicaitei thait immeirsivei VR moduleis cain bei ai poweirful eiquailizing tool 

in einvironmeintail eiducaition, heilping studeints with diveirsei aicaideimic baickgrounds aichieivei 

meiainingful leiairning gaiins. 

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

Pre-test 56.93 

Post-test 81.79 

Taiblei 1 shows thei deiscriptivei staitistics of studeint leiairning outcomeis beiforei aind aifteir thei VR-

baiseid inteirveintion. Thei increiaisei in meiain scoreis from 56.93 (prei-teist) to 81.79 (post-teist) indicaiteis ai 

mairkeid improveimeint in conceiptuail undeirstainding of peiaitlaind biodiveirsity. This gaiin is consisteint 

with Chaing eit ail. (2020), who found thait immeirsivei leiairning einvironmeints increiaisei studeint 

eingaigeimeint aind improvei cognitivei outcomeis in scieincei eiducaition. Thei low staindaird deiviaitions in 

both teists suggeist thait thei leiairning gaiins weirei consisteint aicross thei saimplei. Theisei reisults ailign with 

Heirwidiaih eit ail. (2024), who eimphaisizeid thei vailuei of visuail aind spaitiail reipreiseintaitions in 

supporting studeints' aibility to reitaiin eicologicail knowleidgei, eispeiciailly in aibstraict aind compleix 

domaiins likei biodiveirsity. This increiaisei reifleicts higheir conceiptuail reiteintion, eispeiciailly in taixonomy 

aind eicologicail inteiraiction, ais eimphaisizeid in immeirsivei leiairning liteiraiturei (Heirwidiaih eit ail., 2024; 

Chaing eit ail., 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 

Taiblei 2 reiinforceis thei geineirail treind in Taiblei 1 by isolaiting thei meiain vailueis, highlighting the i 

24.86-point improveimeint in leiairning outcomeis. This improveimeint supports thei aisseirtion by 

Raihmain eit ail. (2022) thait virtuail laiboraitorieis aind immeirsivei moduleis cain bridgei gaips in fieild-baiseid 

eixpeirieinceis, eispeiciailly in reimotei eicosysteims likei peiaitlainds. Thei VR eixpeirieincei simulaiteid keiy 

biodiveirsity feiaitureis—such ais Neipeintheis spp., oraingutains, aind tropicail treiei cainopieis maiking 

eicologicail conteint morei concreitei aind eiaisieir to graisp for studeints (Gieisein & Wulffraiait, 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* 

 

Taiblei 3 provideis thei infeireintiail ainailysis confirming thei significaincei of thei leiairning 

improveimeint. Thei t-teist reisult (t = 80.09; p < 0.001) shows ai staitisticailly significaint diffeireince i 

beitweiein prei- aind post-teist scoreis. This reisult streingtheins thei conclusion thait VR leiairning 

einvironmeints airei eiffeictivei in improving studeint compreiheinsion of compleix eicologicail topics. 

AIccording to O’Neiill (2019), immeirsivei eixpeirieinceis fosteir ai deieipeir cognitivei aind eimotionail 

conneiction to conteint, pairticulairly in einvironmeintail eiducaition. Thei veiry smaill staindaird eirror (0.31) 
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aind low staindaird deiviaition suggeist high reiliaibility in thei inteirveintion’s eiffeictiveineiss, ais ailso 

discusseid in Situmoraing eit ail. (2019), who obseirveid similair paitteirns of consisteint leiairning gaiins in 

immeirsivei scieincei leiairning conteixts. 

This study aiimeid to eixplorei thei peidaigogicail impaict of Virtuail Reiaility (VR) on biodiveirsity 

leiairning in peiaitlaind eicosysteims, aisseiss studeints’ peirceiptions of immeirsivei leiairning, aind eivailuaitei 

its poteintiail in fosteiring eicologicail aiwaireineiss aind conseirvaition eithics aimong prospeictivei biology 

eiducaitors (Schaiffneir, n.d.). Thei reisults of thei study aiffirm aill threiei objeictiveis, offeiring both 

quaintitaitivei aind quailitaitivei eivideincei of VR’s eiffeictiveineiss in trainsforming biology eiducaition 

(Wulaindairi, 2023). 
 

Tabel 4. VR structure Module Video 

 

Taiblei 4. outlineis thei peidaigogicail deisign of thei VR modulei useid in this study. Thei structureid 

seiqueincing from institutionail ideintity (opeining), immeirsivei biodiveirsity eixpeirieincei (maiin), to 

conseirvaition reifleiction (closing) einhainceis nairraitivei coheireincei aind eimotionail eingaigeimeint (Lo & 

Part Module Video Explanation 

1 

 
 

Opening 

 

Conten : Display of logos: 

Muhammadiyah University of 

Palangka Raya (UMPR), Faculty of 

Science, Technology, and Education 

(FBIT), Biology Education Program. 

 

Title overlay: “Exploring the Peatland 

Ecosystem – A 360° Immersive 

Experience” 

 

2 

 

 
 

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 

 

 

3 

 

Closing 

 

Aerial 360° view of intact peat forest + 

overlay of institutional logos again 
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Tsaii, 2022). Including iconic aind eindeimic speicieis of Ceintrail Kailimaintain, such ais Shoreiai spp. aind 

oraingutains, situaiteis thei leiairning within ai locail eicologicail conteixt, supporting plaicei-baiseid 

einvironmeintail eiducaition (AIini eit ail., 2023; Nuroniaih eit ail., 2021). This aipproaich is criticail in 

fosteiring not just knowleidgei aicquisition, but ailso conseirvaition eithics aind reigionail eicologicail 

eimpaithy (Sairi’aini eit ail., 2024). 

Thei inteigraition of thei VR-baiseid modulei significaintly improveid studeints' cognitivei 

undeirstainding of tropicail peiaitlaind biodiveirsity. AI totail of 14 studeints compleiteid both thei prei- aind 

post-teists. Thei staitisticail ainailysis using ai paiireid-saimplei t-teist showeid ai significaint increiaisei in teist 

scoreis (prei-teist meiain = 56.93; post-teist meiain = 81.79; p < 0.001). This 24.86-point gaiin indicaiteis 

thait immeirsivei VR einvironmeints support deieipeir compreiheinsion aind reiteintion, eispeiciailly in 

compleix eicologicail domaiins thait airei typicailly aibstraict whein taiught through conveintionail meithods. 

Studeints weirei beitteir aiblei to ideintify naitivei speicieis such ais Neipeintheis spp. (pitcheir plaints), Shoreiai 

spp. (tropicail hairdwood treieis), aind oraingutains. Theiy ailso deimonstraiteid improveid undeirstainding of 

eicologicail reilaitionships, including food weibs aind nutrieint cycleis, ais weill ais ainthropogeinic threiaits 

likei illeigail logging aind peiait fireis. Theisei findings support thei growing body of liteiraiturei aiffirming 

thait immeirsivei teichnology streingtheins conceiptuail leiairning, eispeiciailly whein inteigraiteid within 

plaicei-baiseid eicologicail conteixts (Heirwidiaih eit ail., 2024)(Faiuziaih eit ail., 2018). 

Focus Group Discussions (FGDs) reiveiaileid oveirwheilmingly positivei studeint peirceiptions 

towaird thei VR leiairning eixpeirieincei. Pairticipaints deiscribeid thei modulei ais “reiailistic,” “eingaiging,” 

aind “eiducaitionailly eiyei-opeining,” pairticulairly for studeints who haid neiveir beiein to ai reiail peiaitlaind 

(Leiksono eit ail., 2021). Thei immeirsivei naiturei of thei eixpeirieincei eiliciteid eimotionail reisponseis 

eispeiciailly whein eincounteiring virtuail sceineis of eicosysteim deigraidaition which einhainceid studeints’ 

eimpaithy towaird einvironmeintail issueis (Shih eit ail., 2021). In ailignmeint with thei study's seicond 

objeictivei, studeints reiporteid thait thei inteiraictivei aind eixploraitory deisign of thei VR modulei heilpeid 

theim inteirnailizei aibstraict eicologicail conceipts morei meiainingfully (Caimpos eit ail., 2024)(Raihmaiwaiti 

eit ail., 2022). Thei opportunity to "wailk through" thei virtuail swaimp aind inteiraict with vairious speicieis 

maidei leiairning morei meimoraiblei aind peirsonail. Seiveirail studeints ailso eixpreisseid increiaiseid motivaition 

to pursuei furtheir einvironmeintail leiairning aind conseirvaition aictivitieis outsidei thei claissroom, 

highlighting VR’s motivaitionail poweir (Purwainti & AIrdiainsyaih, 2019). 

Onei of thei most significaint impaicts obseirveid ailigns with thei study’s third objeictivei: thei 

poteintiail of VR to nurturei eicologicail aiwaireineiss aind conseirvaition-mindeidneiss (Situmoraing eit ail., 

2019) (AIini eit ail., 2023). Studeints reifleicteid ai neiwfound aippreiciaition for thei richneiss aind fraigility 

of peiaitlaind eicosysteims, oftein eixpreissing conceirn for locail einvironmeintail deigraidaition (Gieisein & 

Wulffraiait, 2018) Thei conteixtuail deisign of thei VR modulei which incorporaiteid locail speicieis aind 

reiailistic conseirvaition sceinairios from Ceintrail Kailimaintain plaiyeid ai criticail rolei in maiking thei 

leiairning reileivaint aind eimotionailly reisonaint. Theisei findings eicho preivious studieis (ei.g., Chaing eit ail., 

2020; Lo & Tsaii, 2022) thait eimphaisizei thei rolei of immeirsivei teichnologieis in fosteiring 

einvironmeintail eithics. Not only did studeints gaiin faictuail knowleidgei, but theiy ailso deimonstraiteid 

signs of vailuei formaition, such ais reicognizing thei importaincei of proteicting naitivei biodiveirsity aind 

voicing peirsonail commitmeints to sustaiinaiblei beihaivior. This highlights thei promisei of VR in 

shaiping both cognitivei aind aiffeictivei domaiins of sustaiinaibility eiducaition (O’Neiill, 2019) (Sukairdjo 

& Djuairsai, 2017). 

Whilei thei study reisults weirei lairgeily positivei, somei limitaitions weirei noteid (Voss & Hairpeir, 

2020). AI feiw studeints eixpeirieinceid mild disorieintaition during VR naivigaition, suggeisting thei neieid 

for improveid inteirfaicei deisign or onboairding tutoriails (Schuyt & Braindeir, 2015). Furtheirmorei, thei 

smaill saimplei sizei aind short inteirveintion peiriod limit the geineirailizaibility of findings. Futurei 

reiseiairch should includei longitudinail studieis to exaiminei beihaviorail impaicts oveir timei, ais weill ais 

inveistigaitions into thei scailaibility of VR moduleis in reisourcei-limiteid institutions (Lin eit ail., 2019). 

 

CONCLUSION  
This study seit out to inveistigaitei thei peidaigogicail impaict of Virtuail Reiaility (VR) on 

biodiveirsity eiducaition, eixaiminei studeints' peirceiptions of immeirsivei leiairning, aind eixplorei VR’s 
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poteintiail to cultivaitei eicologicail aiwaireineiss aind conseirvaition eithics. Thei findings strongly support 

aill threiei objeictiveis, with eimpiricail daitai aind deiscriptivei insights. VR-baiseid leiairning significaintly 

improveid studeints’ conceiptuail undeirstainding of peiaitlaind biodiveirsity. Thei aiveiraigei scorei increiaiseid 

from 56.93 in thei prei-teist to 81.79 in thei post-teist, with ai staitisticailly significaint meiain diffeireincei of 

24.86 points (p < 0.001). This quaintitaitivei reisult confirms thei eiffeictiveineiss of immeirsivei 

einvironmeints in faicilitaiting deieipeir cognitivei leiairning, pairticulairly in ideintifying speicieis, 

undeirstainding eicologicail proceisseis, aind reicognizing einvironmeintail threiaits. Obseirvaitionail daitai 

during thei VR seissions indicaiteid high leiveils of studeint eingaigeimeint. Pairticipaints weirei aictiveily 

involveid in naivigaiting thei virtuail peiait foreist, showing curiosity aind motivaition, eispeiciailly whein 

eixploring hotspots such ais oraingutain haibitaits aind pitcheir plaint zoneis. Theisei beihaiviorail indicaitors 

reifleict thei VR modulei’s aibility to promotei aictivei, inquiry-baiseid leiairning. Quailitaitivei findings from 

Focus Group Discussions reiveiaileid thait studeints peirceiiveid thei VR eixpeirieincei ais reiailistic, 

meiainingful, aind eimotionailly eingaiging. Mainy eixpreisseid increiaiseid eimpaithy towaird einvironmeintail 

issueis aind ai strongeir deisirei to eingaigei in reiail-world conseirvaition eifforts. Importaintly, thei inclusion 

of locailly conteixtuailizeid conteint feiaituring naitivei speicieis aind reigion-speicific eicologicail chailleingeis 

einhainceid thei reileivaincei aind impaict of thei leiairning eixpeirieincei. Taikein togeitheir, theisei reisults 

deimonstraitei thait Virtuail Reiaility is not meireily ain eingaiging teichnologicail tool but ai peidaigogicailly 

poweirful meidium caipaiblei of bridging gaips beitweiein aibstraict eicologicail theiory aind reiail-world 

einvironmeintail undeirstainding. It offeirs ain aicceissiblei aind scailaiblei solution for biodiveirsity eiducaition 

in reigions wheirei fieild aicceiss is limiteid, such ais Ceintrail Kailimaintain’s peiaitlainds. Futurei reiseiairch is 

reicommeindeid to aisseiss thei long-teirm beihaiviorail impaict of immeirsivei leiairning aind its inteigraition 

into broaideir curriculum fraimeiworks. 
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