GEOGRAPHY
Jurnal Kajian, Penelitian dan Pengembangan Pendidikan
http://journal.ummat.ac.id/index.php/geography

Vol. 12, No. 2, September 2024, Hal. 933-946
e-ISSN 2614-5529 | p-ISSN 2339-2835

DEVELOPMENT OF METAVERSE-BASED VIRTUAL DISASTER
GALLERY AS A SUPPORT SYSTEM FOR DISASTER EDUCATION IN
GEOGRAPHY LEARNING

Syamsul Bachri*’, A.Riyan Rahman Hakiki?, Sumarmi?, Alfyananda Kurnia Putra®, Tabita May
Hidiyah®, Nanda Regita Cahyaning Putri®, Mellinia Regina Heni Prastiwi’

1234567pendidikan Geografi, Universitas Negeri Malang, syamsul.bachri.fis@um.ac.id,
ariyan.rahman.2107218@students.um.ac.id, sumarmi.fis@um.ac.id, alfyananda.fis@um.ac.id,
tabita.may.2107218@students.um.ac.id, nanda.regita.1907226@students.um.ac.id,
mellinia.regina.1907226@students.um.ac.id

ABSTRAK

Abstrak: Pendidikan kebencanaan memainkan peran penting dalam menumbuhkan
kesiapsiagaan bencana di kalangan pelajar. Namun, implementasi pendidikan
kebencanaan di Indonesia masih memiliki keterbatasan, terutama karena kurangnya
media yang interaktif dan kontekstual untuk mendukung proses pembelajaran.
Penelitian ini bertujuan untuk mengembangkan Galeri Bencana Virtual Berbasis
Metaverse sebagai sistem pendukung pendidikan kebencanaan dalam pembelajaran
geografi. Metaverse merupakan teknologi yang mampu menciptakan dunia virtual 3D.
Penelitian ini menggunakan model pengembangan 4D, yang meliputi tahapan Define,
Design, Develop, dan Disseminate. Media diujicobakan kepada 33 siswa kelas XI di
SMAN Pesanggaran untuk menghasilkan media pembelajaran yang layak dan efektif.
Temuan penelitian menunjukkan bahwa Galeri Bencana Virtual Berbasis Metaverse
sangat valid dan layak sebagai sistem pendukung untuk pendidikan kebencanaan
dalam pembelajaran geografi. Hasil penelitian ini dapat dijadikan sebagai sumber dan
referensi dalam pengembangan dan penggunaan media berbasis metaverse sebagai
upaya pendidikan kebencanaan untuk mengurangi risiko bencana di masa yang akan
datang.

Kata Kunci: bencana- kesiapsiagaan; metaverse; galeri virtual bencana

Abstract: Disaster education played a crucial role in fostering disaster preparedness
among students. However, the implementation of disaster education in Indonesia had
Iimitations, particularly due to the lack of interactive and contextual media to support
the learning process. This study aimed to develop a Metaverse-Based Virtual Disaster
Gallery as a supporting system for disaster education in geography learning. The
Metaverse 1s a technology capable of creating a 3D virtual world. This study employed
the 4D development model, which included the stages of Define, Design, Develop, and
Disseminate. The media was tested on 33 eleventh-grade students at SMAN
Pesanggaran to produce feasible and eftective learning media. The findings of the study
Indicated that the Metaverse-Based Virtual Disaster Gallery was highly valid and
feasible as a supporting system for disaster education in geography learning. The results
of this study can serve as a source and reference in the development and utilization of
metaverse-based media as an effort in disaster education to reduce disaster risks in the
future.
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A. INTRODUCTION

Indonesia is one of the largest archipelagic countries in the world, located
between two continents and two oceans, traversed by the equator, and situated at
the convergence of three tectonic plates: the Eurasian Plate, the Indo-Australian
Plate, and the Pacific Plate (Partuti et al., 2019). Additionally, Indonesia is also
traversed by the global mountain belt (Ring of Fire) (Marliyani et al., 2020). These
regional characteristics result in Indonesia's geological, geomorphological,
climatological, and anthropogenic conditions offering advantages such as abundant
natural resources and a large population with diverse ethnicities and cultures.
However, on the other side, these conditions also make Indonesia prone to
frequent natural disasters such as earthquakes, tsunamis, floods, volcanic
eruptions, and landslides, which can cause significant damage and losses, including
casualties and property damage (Thouret et al, 2022; Wilopo et al, 2023).
Indonesia's vulnerability to disasters must be balanced with disaster preparedness
efforts to reduce the impacts of disasters.

Disaster preparedness is a series of actions taken to prepare individuals,
communities, and systems to face, respond to, and recover from various types of
natural disasters (Hoffmann & Muttarak, 2017). Knowledge is the main factor for
preparedness. The knowledge possessed can influence attitudes and awareness
towards being ready to anticipate disasters (Bachri et al., 2024; Khusnani et al,,
2023). Therefore, disaster education is crucial for building disaster preparedness,
especially for students in disaster-prone areas. This is because disasters can occur
at any time, and students must be prepared to face emergency situations. Students
who have disaster knowledge, such as recognizing signs of an impending disaster,
will be able to save themselves and even others, thus reducing disaster risk
(Khorram-Manesh et al.,, 2016; Shah et al., 2020). One strategy to provide disaster
knowledge is by integrating into school education through learning materials.

Disaster material is highly relevant and important given Indonesia's
vulnerability to various types of natural disasters. One such material is disaster
mitigation. Disaster mitigation material is included in the high school geography
curriculum in Indonesia (Endah Sudarmilah et al.,, 2019; Wang et al., 2022). The
aim of the disaster mitigation material in the geography curriculum is to provide
students with a comprehensive understanding of the various strategies that can be
used to reduce the risks and impacts of natural disasters (Setiawan et al., 2020).
The disaster mitigation material is comprehensive and practical, covering in-depth
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understanding of the types of disasters, their distribution, causes, and processes,
as well as emphasizing mitigation measures (Johnson et al, 2016; Shoji et al,,
2020). It incorporates a holistic approach that combines theory and practice,
focusing on developing skills that can be applied in real-world contexts. Therefore,
its implementation requires contextual learning to enhance the relevance and
understanding of students.

However, existing disaster mitigation materials in schools have not been
maximally delivered to students. Implementation is often disrupted by the lack of
adequate learning media, which has a significant impact on teaching effectiveness
and student understanding (Bachri et al.,, 2024; Yusuf et al,, 2022). This is because
the disaster learning process is not interesting and difficult to understand,
resulting in reduced student engagement in the learning process. In addition,
existing learning materials are often limited to textbooks that are not regularly
updated or contextualized to the local situation (Kusumandari et al., 2019;
Zainudin & Widjayanti, 2019). As a result, students do not get a clear view of how
to deal with emergency situations or implement effective mitigation measures. The
lack of learning media also makes it difficult for teachers to deliver materials in an
interactive and engaging manner, which is useful for increasing students'
awareness and preparedness for disasters (Paul et al., 2021). Thus, it is necessary
to develop innovative learning media that can increase student engagement, and is
contextualized.

Metaverse is the latest technology that can be utilized as innovative media in
the learning process. Metaverse is a 3D virtual world that combines the real world
into a virtual world with avatars as a representative display so that it looks real
and users can interact with each other (Rasyida et al.,, 2023). The utilization of
metaverse in education brings great innovation by creating a more interactive,
immersive and collaborative learning environment (Karapakdee & Wannapiroon,
2023). Students can access virtual classrooms that allow them to interact with
teachers and classmates without space and time constraints (Karapakdee &
Wannapiroon, 2023; Mirza-Babaei et al., 2022). The integration of Virtual reality
(VR) and Augmented Reality (AR) on the metaverse, allows for more immersive
learning experiences, such as virtual exploration of disaster sites, laboratory
simulations, or visualization of abstract concepts in three-dimensional form. By
utilizing the metaverse, it can offer more engaging and relevant learning
experiences, increase student engagement, and expand access to previously
unreachable educational resources.

Various studies have shown that the metaverse has great potential to
transform education by increasing student engagement and understanding
through VR and AR technologies. VR simulations in scientific learning improved
students' concept understanding better than traditional methods through a more
immersive and interactive experience (Ma, 2021), (Di & Zheng, 2022). Virtual
classrooms enable global collaboration that enriches the learning experience
(Rafiq et al., 2022). The inclusivity of the metaverse, providing greater access for
students with special needs (Rajabi et al., 2022), Project-based learning in the
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metaverse improved critical and collaborative thinking skills (Jiawei & Mokmin,
2023). However, research focusing on the development of metaverse-based
learning media in geography lessons, particularly on disaster mitigation material,
remained limited.

This research was designed to address the issues and gaps in integrating
metaverse technology into education, which had not yet been commonly used as a
learning media for geography, particularly in disaster mitigation material. The
metaverse could enhance students' learning experiences through immersive
environments. It also allowed students to access a broader range of learning
resources than those previously limited to real life. Therefore, this research aimed
to develop a metaverse-based virtual disaster gallery as a support system for
disaster education in geography learning. The results of this research could be
utilized as a support tool and learning media in disaster education, initiating
innovative learning in geography education.

B. METHOD
1. Development model

This study was a type of research and development (R&D). Development
research consisted of a series of actions used to validate and develop a product
(Hajar et al., 2023). This method helped in producing a product that met standards
of effectiveness and quality (Sari & Setiawan, 2018). The use of models in R&D
served as stages in the implementation of specific and accountable development
(Haryati, 2012). This research referred to the 4D development model. This model
was chosen because it had a comprehensive and structured approach, allowing for
more effective, efficient, and user-oriented product development (Hajar et al., 2023;
Wardani et al,, 2019; Zulhelmi et al., 2023). The model was flexible enough to be
adapted to various types of development projects, from curriculum development to
learning media (Vivien Pitriani et al., 2023). The 4D model consisted of four stages:
Define, Design, Develop, and Disseminate (Kersten et al, 2017; Wardani et al.,
2019). The development stages were presented in Table 1.

Table 1. Stages of the 4D Development Model

Procedure Activity Output

Define - Analyze student characteristics Conditions related to problems
- Material analysis and needs in the field
- Analyze concepts and learning

objectives

Design - Designing the prototype Prototype, materials, and
- Developing materials instrument sheet
- Designing the instrument

Develop - Developing the product Valid and feasible learning
- Expert validation test media to use
- Product trial on students

Disseminate - Dissemination of product Extensive use of media

utilization
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2. Subject

The media that had been developed was tested on 33 eleventh-grade students
at SMAN Pesanggaran. The subjects were selected because disaster mitigation
material in the geography curriculum is covered in the eleventh grade. The trial
was conducted to obtain students' responses regarding the feasibility of the
developed media. The types of data obtained included quantitative and qualitative
data. Quantitative data was obtained from the percentage score of the feasibility
test, while qualitative data was gathered from students' responses in the form of
critiques and suggestions. However, before the trial was conducted on students,
the developed media was first validated by media experts and subject matter
experts to ensure the product was valid and ready for testing
3. Instrument and Data Collection

Data collection for the development of learning content utilized both primary
and secondary data. Primary data was obtained through direct field observations
in disaster-prone areas in Banyuwangi, while secondary data was gathered from
articles, journals, and publications. The instruments for data collection included
both closed and open questionnaires to determine the feasibility of the developed
media product (Kusdiyanti et al., 2022). The questionnaire was designed in a
checklist model containing researcher-generated questions. The questions were
based on the feasibility of the content and the appearance of the developed
product. A Likert scale was used for the questionnaire items due to its detailed
nature and stronger reliability (Daryanes et al., 2023). The scale was structured in
the form of questions followed by four values indicating levels, as shown in Table 2.

Table 2. Likert Scale Assessment

Score Qualification
4 Very good / very appropriate / very feasible
3 Good / appropriate / feasible
2 Less good / less appropriate / not feasible
1 Very poor / very inappropriate / very not feasible

Source: (Sugiyono, 2010)

4. Data Analysis

The data from the product trial was then subjected to data analysis. The
analysis technique used was quantitative descriptive analysis. This technique was
conducted by converting quantitative data into percentage form. The percentage
data was then transformed into descriptive sentences. To convert the data from
the validators and research subjects into percentages, the following formula was
used:

p==7 (1)

Where P is the percentage, )R is the total score of responses given by each
respondent, and N is the total ideal score for one item.

The percentage results obtained from expert validation and student responses
were then classified according to predetermined categories. The media feasibility
classification is presented in Table 3.
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Table 3. Media Feasibility Classification

Value Qualification
76 -100 Very Feasible / Very Valid / Very Good
51-75 Feasible / Valid / Good
26 - 50 Not Feasible / Not Valid / Less Good
<25 Very Not Feasible / Very Not Valid / Very Poor

C. RESULT AND DISCUSSION
1. Define

The define stage was the initial stage to analyze the needs in the process of
developing the metaverse-based virtual disaster gallery. Observations during the
analysis of student characteristics conducted on eleventh-grade students at SMAN
Pesanggaran revealed that students often felt bored during geography lessons,
especially on disaster mitigation material. This was due to the lack of interactive
and contextual learning models and media for delivering the material. Additionally,
the learning process appeared to be teacher-centered. The level of student
participation in the learning process was still low, with most students having an
audio-visual learning style.

In the material analysis, disaster mitigation material was chosen as the content
for the development of the metaverse-based virtual disaster gallery. This was
because disaster knowledge was one of the most important subjects to be
maximally imparted to students, considering that Indonesia is a disaster-prone
country. However, there were still limitations in the implementation process.
Disaster mitigation material had comprehensive and practical characteristics,
requiring a holistic approach that combined theory and practice to provide a clear
understanding of disasters. Due to the limitations of the media used, the disaster
mitigation material had not been optimally delivered.

The media was designed in the concept of a virtual disaster gallery, utilizing
metaverse technology to build an immersive environment. This media addressed
the limitations in the implementation process of disaster material to provide a real
field depiction. As a result, students' disaster knowledge could increase in line with
their disaster preparedness capabilities. The developed learning media needed to
establish its limitations, especially concerning the learning objectives to be
achieved. The scope of the content in the metaverse-based virtual disaster gallery
is presented in Table 4.

Table 4. Scope of metaverse-based virtual disaster gallery content

Variable Material Indicator

Natural disaster Types and characteristics of Identify the meaning, types, and

mitigation natural disasters characteristics of disasters
Distribution of disaster-prone Identify disaster-prone areas in
areas Indonesia
Disaster management cycle Identify disaster management

measures
2. Design

The second design stage, was the initial planning phase of the product to be
developed according to the needs analysis in the define stage. Activities conducted
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during the design stage included the preparation of materials, product prototypes,
and the instruments to be used. The materials used as content for the metaverse-
based virtual disaster gallery were disaster mitigation materials, including the
types and characteristics of disasters, the distribution of disaster-prone areas, and
the disaster management. During the product prototype design process, sketches
and storyboards were created to depict the structure of the virtual gallery,
including the placement of objects, navigation, and user interactions. The design
stage also included the preparation of instruments used to assess the feasibility of
the media
3. Develop

The product design that had been prepared was then realized in the develop
stage. The main focus of this stage was the product development process,
validation testing, and trials with students. The metaverse-based virtual disaster
gallery was developed in a virtual form using Spatial.io. Spatial.io is a web-based
platform that allows users to create, share, and explore immersive and interactive
virtual spaces (Rasyida et al., 2023). The choice of the Spatial.io platform was due
to its ease of use for beginners and its free access anytime and anywhere (Rasyida
etal, 2023).

The development process began with building an initial prototype of the virtual
disaster gallery, which involved developing visual and interactive elements such as
360-degree panoramas, videos, and images. The results of the development of the

metaverse-based virtual disaster gallery are presented in Figure 1.

Figure 1. Avatar Selection
At the beginning of the metaverse-based virtual disaster gallery, students had
to create an avatar that represented themselves to be used in the virtual world
(Figure 1). Through this avatar, students could explore the virtual space,

communicate with teachers or other students through voice and even body
gestures. This supported collaborative learning, where students could interact
within an immersive environment. The metaverse-based virtual disaster gallery
also accommodated diverse learning styles by presenting various media such as
images, videos, infographics, and maps that could be used in the learning process
of disaster mitigation material.



940 | GEOGRAPHY: Jurnal Kajian, Penelitian dan Pengembangan Pendidikan
Vol. 12, No. 2, Septemberl 2024, hal. 933-946

0 VNG ks LN SEBELUM, SRAT o SESUDAH
i TANRH —

BENCANA

sitas Negeri Malany

Figure 2. Content Presentation

Disaster mitigation material was packaged in a virtual gallery concept that
presented images accompanied by explanations of disaster material through text
with attractive displays to prevent students from getting bored. Students could
freely learn disaster mitigation material through the presentation of images, videos,
and infographics in the virtual disaster gallery (Figure 2). The media presented
materials related to the understanding of disasters, disaster distribution, and
disaster management, along with discussions about the disaster conditions in the
Banyuwangi area. This aimed to make learning more contextual, allowing students
to better understand the disasters around them.

Figure 3. Virtual Field Trip Feature
The metaverse-based virtual disaster gallery was equipped with a Virtual Field
Trip (VFT) feature (Figure 3). Students could explore disaster-prone areas in
Banyuwangi. Through the VFT feature, students could observe the conditions of
these areas using virtual reality with a 360-degree view (Figure 4) (Putra et al,
2022). The VFT feature encouraged students to be directly involved in the disaster
mitigation learning process. VFT addressed the limitations of conducting field

activities in disaster-prone areas, allowing students to make observations in a safe
environment.
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\ l
Figure 4. 360-Degree Panorama View

After development, the metaverse-based virtual disaster gallery underwent
validation testing, which included material expert validation and media expert
validation. The material validation was conducted to determine the suitability of
the material in the virtual disaster gallery. The material validation consisted of
three assessment aspects: instruction, content, and monitor display quality. The
results of the material validation are presented in Table 5.

Table 5. Results of Material Validation Testing

Aspects Percentage (%) Qualificatiom
Instruction 87 Very Valid
Content 86 Very Valid
Monitor display quality 90 Very Valid

Media validation was conducted to determine the feasibility of the virtual
disaster gallery. The media validation consisted of four assessment aspects:
relevance, convenience, attractiveness, and usefulness. The results of the media
validation are presented in Table 6.

Table 6. Results of Media Validation Testing

Aspects Percentage (%) Qualificatiom
Relevance 92 Very Valid
Convenience 87 Very Valid
Attractiveness 90 Very Valid
Usefullness 90 Very Valid

The developed product was then revised based on feedback from the validators.
Subsequently, trials were conducted to determine the students' responses to the
metaverse-based virtual disaster gallery. The trials involved 33 students from
SMAN Pesanggaran (Figure 5). The trial process utilized the metaverse-based
virtual disaster gallery in the disaster mitigation learning process. The learning
process was conducted collaboratively, where students were divided into three
large groups. Each group observed the material presented in the virtual disaster
gallery and engaged in VFT activities to analyze disaster potentials and mitigation
measures that could be implemented at the presented locations.

In the final activity, each group presented the results of their analysis on
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disaster potentials and possible mitigation steps (Figure 6). The observation and
exploration activities through VFT helped reinforce the concepts by organizing
perceptions and understanding that had been acquired and integrating them into
disaster mitigation issues.

During the trial process, students appeared very enthusiastic about
participating in each learning activity. They responded positively to the
development of the metaverse-based virtual disaster gallery. Students gained new
learning experiences by utilizing metaverse technology, creating an immersive
environment that was safe for studying disaster mitigation material. The results of
the trials are presented in Table 7.

Table 7. Trial Results

Aspects Percentage (%) Qualificatiom
Media display 90 Very Valid
Content 88 Very Valid
Usage 92 Very Valid
Total 90 Very Valid

4. Disseminate

The disseminate stage was the final stage in the 4D development model. This
stage focused on the widespread distribution of the developed product. At this
stage, the virtual disaster gallery, which had undergone validation, feasibility
testing by students, and revisions, was disseminated to geography teachers in
schools in Banyuwangi. The aim of the disseminate stage was to ensure that the
developed product could be widely utilized as a learning medium to support
disaster education in geography subjects.

Findings from the development of the metaverse-based virtual disaster gallery
indicated that this technology successfully created a more interactive and
immersive learning experience for students. This virtual gallery allowed students
to explore disaster environments with 360-degree visualization, videos,
animations, and interactive simulations, making disaster mitigation material more
engaging and easier to understand (Cheng, 2022; Petersen et al, 2020; Wen &
Gheisari, 2020). Trials conducted with eleventh-grade students at SMAN
Pesanggaran revealed that students felt more involved and motivated in the
learning process, reducing the boredom they often experienced when studying
disaster material through conventional methods.

Additionally, the use of avatars and the Virtual Field Trip (VFT) feature in the
virtual gallery provided students with opportunities to communicate and
collaborate with classmates and teachers in a safe and controlled virtual
environment (Jiawei & Mokmin, 2023). This not only increased student
participation but also helped them develop social and collaborative skills (Bos et
al., 2022; Klippel et al, 2019). Validation by subject matter and media experts
showed that the virtual gallery met high standards of quality and effectiveness,
with aspects of relevance, convenience, attractiveness, and usefulness rated very
well.
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Overall, these findings indicated that the metaverse-based virtual disaster
gallery could be an effective learning tool for disaster mitigation education,
offering a richer learning experience and enhancing students' preparedness for
natural disasters. The implementation of this gallery also demonstrated that
metaverse technology has great potential for application in other educational fields,
opening up opportunities for further innovation in teaching and learning methods.

D. CONCLUSION

Metaverse-Based Virtual Disaster Gallery is an educational medium that uses
metaverse technology to present materials on disaster mitigation. The
development of the metaverse-based virtual disaster gallery aims to serve as a
disaster education support system to enhance disaster preparedness, particularly
for students in disaster-prone areas. The features of the virtual disaster gallery
support the geography learning process. With material presentation packaged in a
virtual gallery concept and integrated with virtual field trip (VFT) features,
students can observe and explore disaster-prone areas without having to visit the
locations physically. The immersive environment created by the metaverse-based
virtual disaster gallery provides students with a new and contextual learning
experience, enabling them to understand the hazards around them. Research
findings indicate that the metaverse-based virtual disaster gallery is highly valid
for use as a disaster education support system in geography learning. These
findings can serve as a reference for developing innovative media, especially those
integrating VR technology in disaster education
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