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Abstract

This research was conducted to introduce the Baileo Traditional House of Negeri Rutong, located in Ambon City, Maluku Province, which
holds significant philosophical, religious, historical, and cultural values. Maluku, one of the provinces in Indonesia, is rich in diverse
cultural heritage, including the philosophy of the Baileo Traditional House in Negeri Rutong. Baileo is a traditional communal house in
Maluku, playing a central role in the local community's life. This traditional house needs to be preserved so that it can become a world
attraction and a valuable cultural heritage for future generations. The purpose of this research is to develop Virtual Reality (VR) and the
Metaverseas suitable media to introduce the Baileo traditional house to the world and to study the effectiveness of these media in preserving
and conserving the traditional house. A design-based approach is used in this research to ensure that the development of VR and the
Metaverse is conducted properly and effectively. The research stages include problem identification and needs assessment, planning and
design, system development, evaluation and implementation, as well as maintenance and further development..

Keywords: Virtual Reality; Metaverse; Baileo Traditional House; Rutong Country; Philosophy

1. Introduction

In the contemporary digital era, cultural heritage institutions are increasingly adopting advanced technology frameworks to redefine visitor
accessibility, engagement and experience.(Mestiri et al., 2025)In particular, the integration of virtual reality and the metaverse represents
a new paradigm in the preservation and promotion of cultural heritage, offering an immersive platform for digital reconstruction,
educational outreach, and global accessibility.(Buragohain et al., 2024)This approach not only allows for the digital preservation of
vulnerable artifacts and sites, but also expands the audience beyond geographic boundaries, promoting cultural understanding and
appreciation globally.(Buragohain et al., 2024) (Aziz et al., 2024)The purpose of this study is to investigate the application of VR and
Metaverse technologies in preserving the cultural heritage of Rumah Baileo Negeri Rutong in Maluku, known for its traditional architecture
and historical significance. This study aims to address the physical preservation challenges faced by heritage sites, while simultaneously
harnessing the potential of immersive technologies to create interactive, educational experiences for users worldwide. Digital preservation
efforts through metaverse emerge as an innovative approach to protect, experience, and educate about architectural wonders such as Rumah
Baileo.(Buragohain et al., 2025). Traditional approaches to cultural preservation often rely on physical methods such as museum displays
and historical records, but immersive technology has brought about a significant transformation in engagement with digital
content.(Oladokun et al., 2024). Virtual reality and metaverse technologies provide immersive and interactive experiences that transcend
the boundaries of physical space and time, allowing users to explore and interact with digitally reconstructed cultural
environments.(Oladokun et al., 2024)This technological application allows users to interact with a simulation of the Baileo House,
understand its architectural structure, and delve deeply into its cultural context, without having to be physically present at the site. Through
this approach, metaverse technology offers revolutionary potential for cultural preservation, enabling virtual representations of historical
sites, monuments, artworks, and rituals with unparalleled accuracy and interactivity.(Oladokun et al., 2024)This approach is particularly
relevant given the ongoing physical conservation challenges faced by heritage sites, which are often vulnerable to environmental
degradation, natural disasters, and the impacts of globalization.(Buragohain et al., 2024). Therefore, the implementation of VR and
metaverse technologies not only protects cultural heritage from physical damage, but also expands accessibility and allows for the
preservation of its original form for future generations.(Kawato et al., 2021)The use of data science and artificial intelligence, such as deep
learning, can be integrated to analyze cadastral data and automate the process of delineating agricultural land parcels, which is relevant for
the protection and spatial planning of cultural heritage.(Utilization of Data Science and Artificial Intelligence in Cadastral Data Analysis
for Various Purposes, nd)The evolution of cadastral data utilization from paper-based to digital systems, particularly with the integration
of Geographic Information Systems, demonstrates the potential for digital transformation that underlies the implementation of Al and data
science in the context of cultural preservation.(Utilization of Data Science and Artificial Intelligence in Cadastral Data Analysis for Various
Purposes, nd)Artificial intelligence technology has been proven to transform educational curriculum and will change the face of the world
of education as a whole, providing an immersive and interactive learning experience for students.(Raup et al., 2022)Specifically, immersive
technologies including virtual reality, augmented reality, mixed reality, expanded reality, and the metaverse are transforming the field of
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cultural heritage education by enabling new forms of interaction and experiences that are far more immersive than traditional learning
methods.(Anwar et al., 2025). Thus, this technology not only supports contemporary student-centered and immersive learning models, but
also enriches traditional models through adaptive elements of interactivity and personalization.(Larasati, nd). By leveraging the metaverse
platform, it is possible to create an accurate virtual representation of the Baileo House, allowing users to interactively explore its
architecture, history, and cultural context, similar to visiting the original site.(Buragohain et al., 2025)This approach has great potential to
preserve endangered cultural heritage sites and expand their accessibility globally, making them an invaluable educational resource for
future generations.(Buragohain et al., 2024) (Anwar et al., 2025)Utilizing machine learning can analyze user interactions in the metaverse,
identify interest patterns, and dynamically adapt the cultural content presented, thereby optimizing the learning experience and
engagement.(Raup et al., 2022) (Larasati, nd). Thus, the implementation of VR and Metaverse in the context of Rumah Baileo is expected
to create an innovative model for cultural preservation, one that not only maintains the authenticity of the heritage but also enriches
educational experiences and public interaction with it.

2. Basic Theory

Relevant theoretical foundations include concepts from virtual reality technology, the metaverse, digital cultural heritage preservation, and
human-computer interaction theory that underpin immersive experience design. Furthermore, pedagogical theories relevant to immersive
learning and user experience are also fundamental in designing the VR and Metaverse implementation for Rumah Baileo, ensuring that the
experiences presented are not only immersive but also effective in conveying cultural values.(Anwar et al., 2025). Thus, a deep
understanding of these principles is crucial to ensure that the digital representation of Rumah Baileo is not only technically accurate but
also rich in cultural context and meaning, so that the virtual experience can approximate the physical experience.(Chamola et al., 2025).

2.1. Virtual Reality (VR)

Virtual Reality provides a simulated environment that can be experienced immersively by users through specialized devices, such as VR
headsets (Abukarki, 2025) . This technology allows individuals to interact with virtual objects and simulated environments as if they were
physically present, providing an immersive and multidimensional experience (Serghides et al., 2024) . The application of VR in the context
of the Baileo House allows for the digital reconstruction of architecture and cultural artifacts, providing users with a richly detailed
exploration experience. This immersive experience can include interactive virtual tours, narrative-based storytelling, and simulations of
cultural activities that once took place at the Baileo House, thereby enriching visitors' understanding of the cultural heritage. Through high
interactivity, users can manipulate objects, move freely within the virtual space, and even participate in replicated scenarios, intensifying
emotional and cognitive connections with the cultural heritage ( Larasati, n.d.) .

2.2. Metaverse

The metaverse, as an evolution of the internet, offers a persistent and interconnected 3D virtual space, where users can interact with each
other and with digital objects in a collectively shared environment. Unlike the traditional internet, the metaverse promises more immersive,
authentic, and diverse digital experiences, merging physical and virtual reality through advanced technologies such as VR, AR, Al, and
blockchain (Yang et al., 2024) . In the context of cultural preservation, the metaverse provides a unique platform for creating a globally
accessible digital replica of the Baileo House, allowing visitors from various locations to explore, learn, and interact with Maluku's cultural
heritage (Shamim et al., 2024). (Oladokun et al., 2024) . This platform goes beyond conventional digital museums by facilitating social
interaction and collaboration between users, for example through participation in virtual cultural events or the creation of creative content
related to Rumah Baileo (Buragohain et al. , 2024). (Aziz et al., 2024) . The potential of the Metaverse in cultural preservation is particularly
prominent due to its ability to integrate various immersive technologies, such as Virtual Reality and Augmented Reality, to create a more
immersive and interactive experience compared to traditional digital conservation methods (Oladokun et al., 2024). (Ebrahimzadeh & Safa,
2024) . Thus, the metaverse enables the preservation of endangered cultural assets and provides unprecedented accessibility to a global
audience, transforming the way individuals interact with history and traditions (Buragohain et al., 2025) .

2.3. Baileo Culture House

The Baileo Cultural House is a form of traditional Maluku architecture rich in historical and sociocultural values, serving as a center for
customary deliberation and communal activities among indigenous communities. The physical structure and decorative elements of the
Baileo House often harbor profound symbolism reflecting the beliefs, customs, and social hierarchies of the local community, making it
an important object of study in cultural heritage preservation. Therefore, the implementation of VR and Metaverse technology offers an
innovative approach to documenting, reconstructing, and presenting the Baileo House and its cultural narratives immersively to a wider
audience, both for educational and preservation purposes. The use of this technology not only allows for detailed visualization of the
architecture but also the reconstruction of cultural practices that once took place within it, such as traditional ceremonies or important
meetings. Thus, this digitalization has the potential to revitalize the Baileo House's function as a center of cultural activity in a virtual
dimension, enabling rich and in-depth interactions with ancestral heritage (Buragohain et al., 2024) . This is crucial considering that cultural
preservation encompasses not only physical artifacts but also traditions, customs, and practices that define a community's identity
(Oladokun et al., 2024) . This digital approach is also a strategic solution for preserving cultural objects that are difficult to access or have
been damaged, as well as mitigating the risk of cultural loss due to natural and social factors (Elfizar et al., 2020) . The use of VR and the
Metaverse in this context opens up opportunities to create dynamic digital archives, not only as static repositories but also as interactive
platforms that enable contextual reconstruction and re-experience.

3. Research Methodology

This research uses a qualitative approach with a descriptive case study, focusing on an in-depth analysis of the potential and challenges of
implementing immersive technology (Buragohain et al., 2024). (Pérez et al., 2024) . This methodology will involve data collection through
participant observation, in-depth interviews with cultural stakeholders, and document analysis related to the architecture and function of
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the Baileo House. The next steps will be to design an ethical framework to ensure accurate and sensitive cultural representation, as well as
to develop an initial prototype of a VR application for the Baileo House (Utilization of Data Science and Artificial Intelligence in Cadastral
Data Analysis for Various Purposes, n.d.) (Wathon, 2024) (Talani et al., 2023) . Prototype evaluation will involve user trials to gather
feedback on the immersive experience, ease of navigation, and accuracy of cultural representation. Qualitative data analysis will then be
used to refine the prototype and formulate comprehensive recommendations for the full implementation of VR and Metaverse in the
preservation of the Baileo Cultural House. An ethnographic approach will also be applied to holistically understand the cultural elements
that bind individuals within the socio-cultural group surrounding the Baileo House, including behavioral patterns, belief systems, language,
and relevant cultural values (Abdussamad, Zuchri, 2021) . This approach allows researchers to comprehensively interpret and describe
what is observed from the perspective of community members, including group history, social structure, politics, religious beliefs, symbols,
customs, rituals, and the environment (Rasyid et al., 2022) . This ethnographic research will attempt to capture a holistic view of the culture
associated with Rumah Baileo, looking beyond the immediate events to understand the larger context in which traditions and practices
occur (Rasyid et al., 2022) . Thus, the ethnography in this research will provide a strong theoretical foundation for the design of authentic
VR and Metaverse experiences, ensuring that digital representations of Rumah Baileo are not only visually accurate but also rich in cultural
meaning (Abdussamad, Zuchri, 2021) .
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Fig. 1: Research Flowchart
3.1. Research Design

A qualitative research design was chosen because it allows researchers to delve deeply into the cultural values and social interactions
surrounding the Baileo House, in line with the goal of understanding complex social and cultural phenomena (Sulistyawati, 2023) . This
approach also allows for the exploration of hidden stories and local wisdom woven into this architectural masterpiece through immersive
site visits and in-depth data collection (Suprapto et al., 2024) . Ethnographic research, in particular, will be crucial in this endeavor, as it
allows researchers to describe, analyze, and interpret patterns of behavior, beliefs, and language shared by cultural groups associated with
the Baileo House (Rukminingsih et al., 2020). (Abdussamad, Zuchri, 2021) . This field research allows for naturalistic and in-depth
observation of behavior, as well as intensive interviews with community members to capture their emic perspectives (Rukminingsih et al,
2020). (Sulistyawati, 2023) . This aligns with the definition of ethnography as an attempt to describe culture resulting from ethnographic
records of events in society over a period of time, including informants' responses to researchers, guides, tests, and research apparatus
(Abdussamad, Zuchri, 2021) . Through this approach, the research will attempt to capture the complex nuances of cultural practices and
oral traditions that shape the identity of Rumah Baileo, ensuring that its digital representation reflects its spiritual and social essence (Allo
et al., 2024). (Abdussamad, Zuchri, 2021) . This holistic approach in ethnography will also ensure that the study does not only focus on the
architectural aspects, but also on non-physical elements such as belief systems, rituals, and social structures that surround the Baileo House
(Rasyid et al., 2022).

3.2. Data Collection

Data collection will be carried out through a series of qualitative methods, including participant observation, in-depth interviews, and
document analysis, all of which aim to comprehensively understand the cultural and social context of Rumah Baileo (Rukminingsih et al,
2020). (Rasyid et al. , 2022) . Informal interviews will be a key instrument, allowing researchers to place field observations and experiences
within a broader context, in accordance with ethnographic principles that rely on interviews as an essential tool for in-depth understanding
(Rasyid et al., 2022) . Through interviews with key informants, researchers can gain an emic perspective, understand participants'
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perspectives, and explore culturally sensitive interpretations (Rasyid et al., 2022) . This approach will also be enriched with participant
observation, where researchers will be directly involved in cultural activities and social interactions around the Baileo House to gain a deep
contextual understanding (Rukminingsih et al, 2020). (Rasyid et al., 2022) . This ethnographic method focuses not only on external
observation, but also on insightful and sensitive cultural interpretation, combined with rigorous collection and analysis of what is seen and
heard (Rasyid et al., 2022 ) . Participatory observation allows researchers to identify and describe the activities of social groups and their
members as a textual reconstruction of reality, which is essential in understanding maritime cultural practices in the region (Zabulis et al.,
2025) . (Nur et al., 2023) . Furthermore, in-depth interviews will be conducted with traditional elders, community leaders, and individuals
who have extensive knowledge of the history, function, and symbolic meaning of the Baileo House (Sulistyawati, 2023). (Pratiwi et al.,
2023) . The main questions asked during the observations will include identifying individuals present in the research setting, their activities,
and the physical setting of the social situation (Rukminingsih et al., 2020) . Analysis of documents, such as historical records, folklore, and
cultural artifacts, will also complement the collected data to provide a richer historical and symbolic context to the digital representations.
This method also allows researchers to identify important sites, artifacts, and relevant maritime cultural practices, particularly in the context
of the maritime cultural heritage of fishing communities in the region (Nur et al., 2023) . The entire data collection process is designed to
create a comprehensive multidisciplinary and interdisciplinary understanding, integrating historical, social, and cultural perspectives (Nur
etal.,2023) . The data collected through this triangulation approach will be processed to identify key themes relevant to the implementation
of VR and the Metaverse, ensuring that the digital narratives constructed align with the authenticity of Baileo culture (Rukminingsih et al.,
2020) . Qualitative data analysis will be conducted continuously alongside the data collection process, using a thematic approach to identify
patterns, categories, and themes emerging from interviews, observations, and documents. This approach will allow for cross-validation of
information and a deeper understanding of cultural practices, as well as the essential elements that should be integrated into VR and the
Metaverse environment.

Fig. 2: Data Collection.

3.3. Data analysis

A data triangulation approach will be used to validate findings from multiple sources, ensuring the accuracy and depth of cultural
interpretations. Qualitative data collected from participant observation and interviews will be analyzed thematically, identifying recurring
patterns, categories, and key themes emerging from informant narratives and field observations (Wu & Xu, 2023) . This analysis will
involve thick description to present in detail what has been seen and heard in the field, often using extensive quotes from participants
(Rasyid et al., 2022) . This approach aligns with Spradley's ethnographic method, which emphasizes the importance of in-depth description
to uncover the meaning of local wisdom (Ericha & Rahardi, 2023) . The analysis will also integrate an emic perspective to understand
informants' perspectives, as well as an etic perspective to place the findings within a broader theoretical framework, in accordance with
ethnographic principles (Rasyid et al., 2022) . Validation of the researcher as an instrument will also be conducted, including validation of
the qualitative research method, mastery of insights in the research field, and the researcher's readiness to enter the research object, both
academically and logistically (Rukminingsih et al., 2020) . In addition, thematic analysis will be assisted by NVivo 12 software to
systematically organize and categorize qualitative data, enabling the identification of recurring themes, patterns, and insights from in-depth
interviews (Pratiwi et al., 2023) . The Miles and Huberman approach, which includes data reduction, data presentation, and conclusion
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drawing, will be applied to ensure a comprehensive and valid analysis (Maghfiroh & Mustofa, 2023) . The credibility of the resulting
descriptions and interpretations will be enhanced through investigator triangulation, where more than one researcher will be involved in
data collection, analysis, and interpretation to reduce bias (Rasyid et al., 2022) . This triangulation approach can also be strengthened by
method triangulation and theory triangulation, to ensure the consistency of findings from various perspectives (Wathon, 2024)
(Sulistyawati, 2023) (Ericha & Rahardi, 2023) . This qualitative data analysis process will also involve repeated reading and review of the
data to identify emerging themes and patterns, followed by interpretation and dissemination of the results in narrative form (Abdussamad,
Zuchri, 2021) . In the interpretive phase, the researcher will summarize the overall findings, compare them with relevant literature, and
discuss personal insights from the findings, while also stating limitations and directions for future research (Rasyid et al., 2022) . Data
validity will be strengthened through extended observation periods and continuous observation, which allows for more careful and in-depth
data collection to enrich the research results (Saadah et al., 2022) . Data validity will also be checked through method triangulation, peer
review, and member checking, to ensure the reliability of the findings (Santoso & Sugiri, 2022) . These steps are important to increase the
credibility of the findings, ensuring that the interpretation of the data reflects the reality of the participants and their social context (Ezatifard
etal., 2024) .

3.4. System Development Stages

The development of this virtual reality and metaverse system will follow an iterative design methodology, beginning with a planning phase

and in-depth requirements analysis to identify core functionality and desired user experiences. This phase includes designing the system
architecture, selecting appropriate technology, and identifying the 3D assets necessary for an accurate representation of Rumah Baileo.
Next, prototype design and development will occur, including 3D modeling, texturing, and interactivity implementation, followed by user
testing to identify areas for improvement and refine the immersive experience. This entire process will be repeated in iterative cycles to
ensure that the developed system meets high quality standards and effectively replicates the cultural and architectural aspects of Rumah
Baileo (MY et al., 2024). (MacDowell et al. , 2024) . System testing will include evaluation of functionality, usability, and immersive
experience by target users to validate the effectiveness of the digital representation (Reddy et al., 2023) . The implementation phase involves
the development of a virtual reality and metaverse platform, including user interfaces, database structures, and program specifications
(Wannapiroon et al., 2023) . Development will include the creation of a detailed 3D model of the Baileo House, the integration of audio-
visual assets, and the development of interactive functionality that allows users to explore and interact with the virtual environment (Aziz
et al., 2024) . Next, user evaluations will be conducted to identify areas of improvement and refine the immersive experience, as well as
test the reliability of the system in various usage scenarios.

4. System Design

The design of this system will be based on an iterative design cycle that supports the connection between design activities and the
environment and the scientific knowledge base (Johansson & Roupé, 2023) . This process will integrate a user-centered design approach
to ensure that VR systems and metaverses can meet the needs and expectations of the target audience, particularly in the context of cultural
preservation (Kurozy et al., 2025) . The development will also consider agile methodologies for rapid adaptation to changing needs and
user feedback throughout the development cycle (Yolthasart et al., 2024) . This design approach will involve the creation of low-fidelity
prototypes to test core mechanisms and user experience flows, which will then be iteratively refined based on user feedback (Wannapiroon
et al., 2023). (Karabin et al., 2021) . The prototype will then be extensively tested to validate the functionality and accuracy of the
architectural and cultural representation of Rumah Baileo, identifying potential improvements before full implementation (Walsh et al.,
2023) . The development process will also integrate field testing with participants to assess the immersive experience and the accuracy of
the cultural content, ensuring that the virtual environment provides an authentic and meaningful experience (Yolthasart et al., 2024).
(Rasyid et al., 2022) . This aligns with the development phase involving coding, testing, and documentation to ensure service quality and
reliability (Costa et al. , 2024) . In this context, the use of low-poly models for visual assets will be considered to reduce the system's
computational load and ensure a smooth user experience, especially in VR and metaverse environments that require high graphics
performance (Kong & Zhang, 2021) . Furthermore, optimization of visual assets and interactions will be carried out to ensure a smooth
and immersive user experience, in line with interactive design principles (Holdnack & Brennan, 2021) .

4.1. System Architecture

The system architecture will be designed to support the integration of Building Information Modeling and Virtual Reality, utilizing a game
engine platform to create an immersive experience (Rostamiasl & Jrade, 2024 ) . The system will include the integration of a 3D model of
the Baileo House extracted from architectural data, where each element of the 3D object will be identified and managed through a connected
database, allowing dynamic modification and automatic reflection of changes in the design model (Albourae et al., 2017). (Rostamiasl &
Jrade, 2024) . This approach facilitates real-time visualization and immersive user interaction with the virtual environment (Hao et al.,
2021) . The user interface will be developed to enable intuitive navigation through the virtual environment, with support for VR HMD
devices to maximize user immersion and presence (Jiang, 2025) . The implementation of agile methodologies, such as those used in the
development of the bWell platform, will ensure flexibility and adaptation to changing needs throughout the development process, with a
focus on continuous user testing for validation (Shaigetz et al., 2021) .
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4.2. User Interface Design

The user interface design will focus on intuitive navigation and interaction within the virtual environment, ensuring users can explore
Baileo House and interact with its cultural elements without technical barriers. This will be achieved through the use of consistent design
elements, clear iconography, and simple interaction flows, similar to the approaches used in other VR platforms to effectively present
information (Kong & Zhang, 2021). (Rasyid et al., 2022) . The interface will integrate rich visual elements and haptic feedback to enhance
the immersive experience, while providing customization options for users to adjust their display and control preferences (Yolthasart et al.,
2024) . Furthermore, the interface will be designed to support various types of interactions, including hand gestures and voice control, to
accommodate diverse user preferences and improve accessibility. The system will utilize VR technologies such as Vizard or Unity to build
an immersive environment, allowing users to move and look around freely with dedicated devices (Wang et al., 2018) . The interface
design will also consider ergonomic and cognitive aspects of the user, ensuring a non-burdensome and easy-to-understand interaction (Jin
et al., 2020) . The implementation of free-motion control and bimanual input will be a focus to enhance the naturalness of user interactions,
as they have been shown to facilitate faster learning compared to virtual controls based on input devices (Koebel et al., 2020 ) . In addition,
clear feedback mechanisms will be integrated to guide users and confirm their actions (Jalilova et al., 2023) .

4.3. 3D Object Modeling of Baileo House

The 3D object modeling of the Baileo House will involve parametric modeling techniques and the use of CAD or BIM software to produce
spatially accurate representations and architectural details (A Ibourae et al., 2017) . This process will require extensive data acquisition,
including 3D laser scanning and photogrammetry, to capture complex geometry and surface textures with high precision. This data will
then be processed using software such as SketchUp or Unity3D to create realistic 3D models, ensuring every architectural detail of the
Baileo House can be digitally replicated (Parulian & Mardiyati, 2021) . These models will then be optimized for real-time performance in
VR and metaverse environments, considering the balance between visual detail and computational efficiency. Furthermore, the integration
of these 3D models into the metaverse platform will utilize a layered architecture to ensure a seamless and interactive user experience (Aziz
et al., 2024) . The use of game engines such as Unity or Unreal Engine will facilitate this integration, allowing the addition of avatars and
cameras for effective navigation, communication, and visualization within the virtual model (Rostamiasl & Jrade, 2024) . The texture and
material aspects of the 3D model will also be carefully developed using PBR techniques to achieve maximum visual realism, replicating
the authentic appearance of the traditional building materials of the Baileo House such as wood, roofing, and carved ornaments. The 3D
model will also be equipped with rich contextual information, such as the history, function, and cultural significance of each architectural
element, to enrich the user's educational experience (Albourae et al., 2017). (Song et al., 2003) . This will be achieved through the

integration of semantic data and metadata into 3D models, allowing users to access detailed information about construction, materials, and
symbolic meaning through interaction in a virtual environment (Banfi & Mandelli, 2021) .
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4.4. System Implementation

The system implementation will involve the development of interactive interfaces that enhance the user experience in the protection of
intangible cultural heritage, such as navigation in the virtual environment, object selection, and adjustment of element transparency (Song
& Ghani, 2023) (Jin et al., 2020) . A key aspect of this implementation is the use of an integrated database to manage geospatial and
attributive information, ensuring data consistency and accuracy across platforms (Eko, 2025) . This will include the use of Geographic
Information Systems for spatial visualization, as well as data integration through web applications to display information in the form of
tables and interactive maps (Eko, 2025) . This development will specifically focus on the integration of 3D models and rich contextual
data, allowing users not only to view cultural objects but also to understand their history and cultural significance (Albourae et al., 2017) .
This process will be supported by technologies such as Unity 2023.1.5 and C# 12.0 to ensure a rich and interactive augmented reality
experience, with the ability to import 3D models, videos, and images (Rupa et al., 2023) . Optimizing models for various VR hardware,
such as Meta Quest 2, will be a key concern to ensure smooth performance and fast loading times, by minimizing file size and texture
count (Morrow & Wernke, 2023) . The use of the WebGL API and Mapbox Unity SDK will enable the creation of an online version of the
interactive 3D viewer, facilitating widespread accessibility without physical location restrictions (Andaru et al., 2019) . The application of
modern technologies such as Unmanned Aerial Vehicles can also be used to obtain high-resolution orthophotomaps as a basis for mapping
and verifying cadastral data, which are then integrated into the VR system (Utilization of Data Science and Artificial Intelligence in
Cadastre Data Analysis for Various Purposes. n.d.) . This careful utilization of spatial data will not only enrich VR models but can also
support information transparency and accountability in cross-agency data management (Eko, 2025) . This database, encompassing both
spatial and non-spatial data, will be designed to facilitate the matching and integration of different types of cultural heritage data (Eko,
2025) . This approach will allow users to intuitively explore the 3D representation of the Baileo House while simultaneously accessing in-
depth contextual information about the associated intangible cultural heritage. The flexibility of the back-end infrastructure will be crucial
for storing, managing, and accessing collaboratively interoperable data, aligning with the needs of a 4D cultural heritage information
platform (Ioannidis et al., 2020) . This data integration will utilize a data dictionary to organize relationships between columns and
associated values, as well as data mapping to ensure the 3D representation accurately displays the selected data (Masud et al., 2023) . The
next step will be to thoroughly test and validate this data integration to ensure the accuracy and performance of the overall system.
Furthermore, the use of the Unity 3D game engine will facilitate the visualization of large-scale topographic data from various sources,
including terrestrial laser scanner modeling and topographic map data, allowing users to explore 3D models at a detailed level (Andaru et
al., 2019) . The system will also support the exploration of complex geospatial data, such as land use analysis and cadastral data, through
interactive visualization in a 3D environment (Utilization of Data Science and Artificial Intelligence in Cadastral Data Analysis for Various
Purposes, n.d.) (Eko, 2025) .

4.5. Virtual Reality Module Development

The development of the virtual reality module will focus on creating an immersive and interactive experience, allowing users to explore a
digital replica of the Baileo House and related cultural artifacts (_ Guardia et al., 2022) . This will include designing an intuitive user
interface, enabling seamless navigation and direct interaction with virtual objects to trigger contextual information or historical narratives.
This technique will involve integrating data from a centralized database, ensuring that the information presented is always accurate and
up-to-date, and will prioritize data interoperability to ensure compatibility with various platforms and devices (Eko, 2025). (Rostamiasl &
Jrade, 2024) (Bruzelius et al., 2020) . Developers also need to consider the different types of media to be used, including audio, video, and
graphics, as well as any third-party resources that may be needed to enhance the immersive experience (Rasyid et al., 2022) . Furthermore,
development should consider the level and type of activities to be generated, whether collaborative, interactive, or participant-based, as
well as how the teaching style approach will be implemented (Rasyid et al., 2022) . VR modules will also include mechanisms for digital
preservation and visualization of cultural heritage, allowing users to interact with detailed 3D models and access textual and visual
information regarding their historical and cultural significance (Quattrini et al., 2018) .

Rumah Budaya Baileo
Negeri Rutong,

Provinsi Maluku

Melihat Rumah Budaya Negen Rutong
dengan Vlrtual Reallty & Metaverse
] 2
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Fig. 5: VR Model Interface
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4.6. Integration with Metaverse Platform

Integration with the metaverse platform will leverage Unity 3D's flexible architecture and rendering capabilities, enabling the export of
3D objects modeled from software such as Blender to create dynamic virtual environments (Selman et al., 2024) . This approach will
allow users to interact with Rumah Baileo in a shared virtual space, facilitating collaborative learning and cultural exchange (Mu'ti et al.,
2025) . The platform will be designed to support various forms of social interaction and educational activities, such as virtual guided
tours, interactive workshops, and digital exhibitions, all accessible from any geographic location. Optimizing this metaverse experience
will also consider how users can build strong relationships with the content, similar to how developers foster trust among students in
face-to-face sessions (Rasyid et al., 2022) . Therefore, the development of this metaverse platform will integrate immersive learning
environments, physical spaces, and virtual spaces to facilitate collaboration and reflection (Mu'ti et al., 2025) . This will broaden the
reach and impact of cultural preservation, enabling global access to the heritage of Baileo Negeri Rutong (Pybus, 2019) (Willmes et al.,

2024) .

Metaverse Rumah Adat
Baileo Negeri Rutong

untuk memperkenalkan objek Rumah Adat Baileo Negeri Rutong yang
berada di Kota Ambon, Provinsi Maluku yang memiliki nilai Filosofi,
religius, sejarah dan budaya yang tinggi. Maluku, salah satu provinsi di
Indonesia, kaya akan warisan budaya yang beragam, termasuk filosofi
Rumah Adat Baileo Negeri Rutong. Baileo adalah struktur rumah adat
tradisional di Maluku yang memiliki peran sentral dalam kehidupan
masyarakat setempat. Rumah adat ini harus dilestarikan agar dapat
menjadi daya Tarik dunia dan menjadi warisan budaya yang berharga
untuk generasi selanjutnya

JELAJAHI METAVERSE =)

Fig. 7: Exploring VR
4.7. System Testing

The system testing phase will focus on validating the platform's overall functionality and performance, including interoperability testing
to ensure compatibility across devices and platforms (Zierau, 2019) . This testing will also involve evaluating the user experience to identify
areas for improvement, ensuring that navigation and interaction in the virtual environment are intuitive and engaging (Rasyid et al., 2022)
. Another important aspect is testing VR functionality, including controls, feedback mechanisms, and VR hardware integration such as
headset compatibility and controller support (Jalilova et al., 2023) . Furthermore, performance testing will be conducted to assess latency,
frame rate, and system stability across various usage scenarios, particularly when visualizing complex 3D models (Radanovi¢ et al., 2021)
This testing will ensure that the system can perform optimally across various hardware and network configurations, minimizing disruption
and maximizing user immersion. Security testing will also be crucial to protect user data and digital assets from potential cyberthreats,
ensuring the integrity and confidentiality of information stored on the platform. Quality testing will also assess the accuracy of the digital
representation of the Baileo House and other cultural artifacts, ensuring that historical and architectural details are faithfully replicated.

5. Conclusion

This study has comprehensively examined the potential of implementing Virtual Reality and Metaverse for the preservation and promotion
of the Baileo Negeri Rutong Traditional House culture in Maluku, identifying innovative opportunities as well as underlying challenges.
The study emphasizes the importance of a multidisciplinary approach that combines technological, social, and cultural aspects to create
platforms that are not only immersive but also relevant and sustainable for local communities (Buragohain et al., 2024) . Furthermore, it is
recommended that future research focus on developing sustainable business models and effective educational strategies to ensure
widespread adoption and long-term benefits of these immersive technologies (Ivanov & Velkova, 2025) . Future research can further
explore the development of VR and Metaverse content that is adaptive to varying levels of digital literacy and network infrastructure
conditions, particularly in remote areas (Wathon, 2024) . (Utilization of Data Science and Artificial Intelligence in Cadastral Data Analysis
for Various Purposes, n.d.) . Furthermore, it is important to thoroughly consider the legal and ethical aspects of cultural heritage
representation in virtual environments, ensuring respect for cultural significance and appropriate consent from relevant communities
(Sicklinger et al., 2023) . Aspects such as age, gender, socioeconomic status, and cultural background also need to be considered to
understand user perceptions and hedonic and utilitarian values in the design of a more inclusive and equitable metaverse (Shamim et al.,
2024) . Cross-disciplinary collaboration between historians, anthropologists, technology developers, and local communities is also essential
to ensure authentic and accurate cultural representation in virtual environments. A multicultural approach in content development and
training of Islamic religious educators can also be applied to ensure inclusive cultural narratives and respect for diverse perspectives in the
metaverse (MUSLIM & YUSUF, 2024) . Future studies should also consider longitudinal research and international collaborations to
develop a framework that links cultural preservation with sustainable education practices globally (Zhou & Saearani, 2025) . Further
research could include exploring the impact of immersive technologies on user psychology and cognition in cultural learning contexts , as
well as developing more sophisticated evaluation metrics to measure the effectiveness and long-term sustainability of metaverse platforms
(Lietal., 2023). (Lian & Jia-feng, 2024) .
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