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ARTICLE INFO ABSTRACT

This study aims to determine what user interface and prototype design should be in a metaverse-
based sustainable smart tourism destination. A metaverse-based smart tourism destination is an
Revised: 23 Feb 2025 approach that combines information and communication technology (ICT) to improve
efficiency, quality, satisfaction, immersive experience, and sustainability of tourist experiences.
The author uses the Design Science Research Methodology (DSRM) approach to build a
prototype design artifact. DS (Design Science) is important in disciplines oriented toward
creating successful artifacts. Several researchers have pioneered DS research in the Information
Systems discipline over the past 15 years; therefore, DSRM is usually used as a reference by
researchers in the Information Systems field. DSRM combines the principles, practices, and
procedures needed to conduct research and fulfills three objectives: consistent with previous
literature, providing a nominal process model for conducting DS research, and providing a
mental model for presenting and evaluating DS research in IS. The DS process in this study
focuses on design and development, demonstration, and evaluation. The author designs and
develops the user interface, demonstrates it to end users, and then conducts testing or
evaluation. The author tested the user interface and metaverse prototype to determine whether
it was following the needs of users and stakeholders. Testing was carried out using interview
techniques with experts/stakeholders using the AIKEN and ISO 25010 methods. Testing was
also carried out using the black box method. End users tried the prototype directly and filled out
a questionnaire the author had prepared using the GEQ (Game Experience Questionnaire)
method. This study contributes to the discourse on smart tourist destinations based on the
metaverse, which can add insight into smart destinations and increase satisfaction and
immersive experiences. The evaluation results can be concluded that the experts agreed with the
prototype, and the results of testing the prototype on the end-users showed that 90% expressed
satisfaction in using/playing the metaverse prototype that had been built. This study presents a
new basic pattern for developing sustainable smart tourist destinations based on the metaverse.
This research is essential for stakeholders, including the government, destination managers,
academics, and the community/tourists themselves, because it provides an overview of the user
interface, and the prototype that was built can be a reference for all stakeholders in implementing
sustainable smart tourist destinations based on metaverse.
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INTRODUCTION

Tourism destinations need to take important and strategic steps to realize Sustainable Smart Tourism Destinations
digitally by utilizing the latest ICT (Information and Communication Technology) to withstand the impact of the
pandemic and remain competitive in the long term (Boes, Buhalis, and Inversini 2016a), (Altinay and Kozak 2021),
(Woyo and Ukpabi 2022), (Esquivias et al. 2021), (Rodrigues et al. 2022).
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Previous research findings stated that Smart Tourism is a social phenomenon believed to enhance tourist experiences
through ICT (Hunter et al. 2015), (Koo et al. 2016). The main objective of Smart Tourism is to build new information
infrastructure and business ecosystems, as well as to enhance the tourist experience by integrating mobile technology
innovations into the tourism industry (Yoo et al. 2017). The perspective of scientists’ states that Smart Tourism
Destination (STD) or smart tourism destinations are necessary because they are believed to support sustainability
goals by improving tourism efficiency in terms of automatable tourism business processes, creating new added value
for tourists through technology, enhancing tourists' understanding of local culture, and reducing environmental
damage by controlling the number of tourists through data and information management. (Ulrike Gretzel et al. 2015),
(Yoo et al. 2017), (Hunter et al. 2015), (Negrusa et al. 2015), (Jovicic 2019), (Trunfio and Campana 2019).

Research related to Smart Tourism Destinations (STDs) and the technologies that support them has gained
popularity and special attention over the past 10 years (Boes, Buhalis, and Inversini 2016a), (Shafiee et al. 2019),
(Shafiee et al. 2022), (Woyo and Ukpabi 2022). STDs showcase various technologies applied to a tourist destination
aimed at enhancing added value, both for the surrounding community in general and for tourists in particular (Boes,
Buhalis, and Inversini 2016a), (Woyo and Ukpabi 2022), (Bulchand-Gidumal 2022). The research by Woyo and
Ukpabi (2022) states that smart tourism destinations facilitate the engagement and integration of tourists with the
environment, enhance the quality of the tourist experience, and improve the quality of life for residents around the
destination. Shafiee et al., (2019) state that smart tourist destinations can be considered an integral part of the smart
tourism ecosystem, which can drive new business models, interactive patterns, and even new types of tourism.

The main value of tourism itself is hedonic value & hedonic utility, which can be interpreted as the benefits of
hedonistic values in terms of pleasure and joy. Therefore, according to Yoo et al. (2017) and Negrusa et al. (2015), the
tourism industry has begun to introduce the concept of Sustainable Smart Tourism Destinations (SSTD) based on
gamification, with the primary goal of changing tourist behavior to support sustainability principles and to enhance
tourist experience satisfaction while in the tourist destination area.

In their paper, Negrusa et al. (2015) investigated the relationship between gamification and sustainability. The results
of their research state that there is a synergy between gamification and sustainability, based on empirical evidence
that both (gamification and sustainability) focus on emotional responses. The research findings of Negrusa et al.
(2015) contribute to the benefits of gamification and sustainability in tourism, which consist of three (3) pillars of
sustainability: economic, social, and environmental. The result is a complete component with gamification
techniques' main implications for various stakeholders. This study positions the role of gamification for tourism
within the broader context of sustainable development. Gamification contributes to the overall tourism experience
in various ways. Gamification can act as an interface between tourists, destination management organizations, and
local communities to promote more responsible and ethical tourist behavior.

Metaverse is a compound word derived from the combination of "meta" and "universe," referring to a three-
dimensional virtual world where avatars, as players, engage in activities within it. This virtual world is based on
everyday life where the real world and the virtual world coexist (Suanpang et al. 2022). The metaverse was first used
in the science fiction novel Snow Crash by Neil Stevenson in 1992 and defines the metaverse as a world where the
virtual and real worlds interact and create value through various social activities (Kim & Park, 2022). The Metaverse
represents the idea of a hypothetical "parallel cyberspace" that embodies ways of living and working in a virtual city
as an alternative to future smart cities (Allam et al., 2022). Metaverse, defined as a parallel virtual universe that uses
ambient intelligence to enhance physical spaces, products, and services, emerges as a shared virtual space for value
creation (M. Kim and Yoo 2024a; Koohang et al. 2023; D. Buhalis, Leung, and Lin 2023), (Buhalis & Karatay, 2022).
The metaverse in tourism uses physical reality combined with MR Mix Reality (AR and VR) to unite all needs and
stakeholders in a shared 3D virtual space and enhance physical spaces into MR spaces, transforming the internet into
a parallel virtual universe (Buhalis & Karatay, 2022). The metaverse can completely transform travel by providing
virtual experiences to tourists before they visit in person. This will take the concept of 'try before you buy' to the next
level (Filimonau, Ashton, and Stankov 2022; Zaman et al. 2022). The Metaverse can inspire travelers to understand
more about tourist destinations. 3D and VR experiences help prospective tourists understand the facilities and
features available at the destination (Fan, Chen, and Huang 2022; Zhang et al. 2022).

The metaverse in tourism can provide people who may not be able to travel physically with a way to explore the world,
either as a complement, as a substitute for direct visits, or as a way to prepare for upcoming trips (Fan, Chen, and
Huang 2022; Zhang et al. 2022). Destinations can leverage the benefits of metaverse technology to create virtual
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destination experiences for both tourists and potential tourists, providing a new way to interact with destinations
without having to leave home (Fan, Chen, and Huang 2022; Zhang et al. 2022; U.-K. Lee 2022). Another study also
stated that the metaverse cannot replace physical travel but can create a desire to travel (stimulate) (Baker, Nam, and
Dutt 2023b; M. Kim and Yoo 2024b; Mihalic 2024).

Metaverse platforms provide users with sensations such as sight, hearing, touch, and smell. One of the positive
impacts of a tourist destination having metaverse technology is the economic value that can open new avenues for
revenue streams (Mihalic 2024; Kouroupi and Metaxas 2023; Su, Hsiao, and Fan 2023). The benefits of metaverse
technology, according to Kounavis, Kasimati, and Zamani (2022), can enhance the experience of tourists during their
stay at tourist destinations. Subsequently, there has been an increase in several studies exploring the value presented
by the metaverse in the tourism sector. Studies report that the metaverse can enhance education/knowledge and
interpretation, tailor information to specific tourist preferences, increase interactivity (Yung and Khoo-Lattimore
2017), and enhance the enjoyment/happiness, satisfaction, and engagement of tourists (Xu, Buhalis, and Weber
2017; Xu, Weber, and Buhalis 2013).

Paliokas et al. (2020) identified three main reasons for using metaverse technology at tourist destinations, namely:

1) Personalization, for example, visitors have varying levels of knowledge with different ages, cultural backgrounds,
and knowledge. With metaverse technology, they can adjust the learning pace to their own needs, interact with
knowledge content on their own devices, and at their own interaction rhythm, which is a good example of adjusting
the learning pace to personal needs and preferences. Additionally, visitors can follow their own navigation routes
through information spaces and pay attention to the details of artifacts at the tourist destinations they prefer the
most. Metaverse technology provides the opportunity to make such adjustments according to individual needs;

2) Motivation: the metaverse can maximize tourist motivation, especially for the younger generation who enjoy
listening to stories, playing Virtual Reality (VR) games, and can easily master mobile devices. According to the
constructivist approach, one of the approaches to metaverse technology itself is gamification-based. Gamification has
become one of the models for metaverse applications in the modern era, so it can be understood that metaverse
technology serves not only as a medium to enhance engagement and maintain tourists' attention but also as a way to
reconstruct the meaning of artifacts through animated storytelling incorporated into VR scenarios. The stories told
at tourist destinations are intended to enhance the emotions and fantasies of tourists to maximize their engagement
and interest. In addition, certain game elements such as competition, challenges, conflict, control, and rewards for
achieving goals can serve as "experience enhancers" for visitors and prevent visits to activities at destinations from
being boring;

3) Learning Efficiency, making the perception of learning speed a criterion for the success of technology-based
educational activities, we can accept that learning in a VR setting can help master skills and knowledge more quickly.

Based on the review of previous research studies the author presented above, the identified research gap is the lack
of comprehensive studies integrating the concept of Sustainable Smart Tourism Destinations (SSTD) with the
characteristics of metaverse technology. Thus, this research presents an opportunity to generate a novelty
contribution from the perspective of information systems science, focusing on the research object in the smart
tourism industry. This research produces a user interface design up to the information system application in the form
of a metaverse application prototype on Nusameta, one of the metaverse application platforms available in Indonesia.
The prototype application for the metaverse-based tourist destination was then tested with stakeholders and end
users to gather feedback and determine whether the developed application meets user needs.

By creating a prototype of a sustainable smart tourism destination based on Metaverse technology, the author hopes
to serve as a guide or reference for stakeholders to be implemented in all tourist destinations in Indonesia. Regarding
the limited research time and to align with the government's 2020-2025 program, the author will focus on developing
a sustainable smart tourism destination model, specifically for the 5 (five) Super Priority Tourism Destinations
(DPSP). The five Super Priority Tourism Destinations (DPSP) are as follows: 1) Lake Toba, North Sumatra; 2)
Borobudur, Central Java; 3) Mandalika, West Nusa Tenggara; 4) Labuan Bajo, East Nusa Tenggara; 5) Likupang,
North Sulawesi.

However, within the specific scope of this research, Borobudur Temple was chosen as a pilot project to develop a
metaverse prototype because Borobudur Temple is the closest to Jakarta, where the author resides, making it easily
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accessible for field observations. In addition, Borobudur Temple has also been designated as one of the centers of
world cultural civilization by UNESCO (United Nations Educational, Scientific and Cultural Organization).

LITERATURE REVIEW

The following sections discuss the related studies on metaverse development, smart tourism destinations, and
sustainable tourism.

2.1. Metaverse Development

Metaverse is a compound word from the transcendence of meta and universe and refers to a three-dimensional virtual
world where avatars engage in political, economic, social, and cultural activities (Aljumaie et al. 2023a). Metaverse
is widely used as a virtual world based on everyday life where the real and the unreal coexist. The term "metaverse"
was first used in the science fiction novel Snow Crash by Neil Stephenson in 1992 and refers to a world where the
virtual and reality interact and create value through various social activities (Park & Kim, 2022).

Metaverse, defined as a parallel, virtual universe that uses ambient intelligence to enhance physical spaces, products,
and services, emerges as a joint virtual space aimed at value creation (Dimitrios Buhalis and Karatay 2022).

The Metaverse in Tourism uses physical reality combined with Mixed Reality (AR and VR) to unite all needs and
stakeholders in a shared 3D virtual space and enhance physical spaces into MR spaces, transforming the internet into
a parallel virtual universe (Dimitrios Buhalis and Karatay 2022). The metaverse is a collaborative universe that
combines human interaction with avatars and various products and services between the real world and the digital
world without boundaries, where everything can happen simultaneously and in parallel (Aljumaie et al. 2023).

The Metaverse has great potential for society to interact, work, learn, and create. Of course, it is not only intended for
'gaming’' or NFT (non-fungible tokens) exchanges alone (Suanpang et al. 2022; D. Buhalis, Leung, and Lin 2023).
NFTs are digital assets that represent their original objects and cannot be used as a medium of exchange but can be
traded like physical assets (Suanpang et al., 2022; D. Buhalis, Leung, and Lin 2023).

2.2. Smart Tourism Destinations

According to Boes et al (2016a), smart tourist destinations have several key components that are important and
necessary for their implementation. The key components are People, ICT, and Leadership. From these three key
components, Smartness Economic Actors are then produced, and from Smartness Economic Actors, Smart
Innovations are subsequently generated, which consist of Smart Mobility, Smart Government, Smart Economy,
Smart People, Smart Living, Smart Environment, and Smart Tourism Destination (STD). According to Boes, Buhalis,
and Inversini (2016a), this STD consists of Smartness Attractions, Accessibility, Amenities, Available Packages,
Activities, and Ancillary Services.

Shafiee et al (2021) developed a Smart Tourism Destinations (STD) model consisting of several main components:
Stakeholders, Structure, Process, Technology, and Policies. In addition to the components, Shafiee et al. (2021) also
mention the measurement in STD, which consists of several dimensions, namely environmental, economic, social,
technical, and political. The author can conclude that this measurement is derived from the concept of the 3 pillars
of sustainability (economic, environmental, and social) plus the technical and political dimensions. Here is the STD
Model according to Shafiee et al (2021):

Smart Tourism Destinations Framework

technical political

Figure 1. Smart Tourism Destinations Model (Shafiee et al., 2021)
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2.3. Sustainable Smart Tourism Destinations

Minister of Tourism Regulation No. 14 of 2016 on Sustainable Tourism Destination Guidelines, there are 4 (four)
main pillars in tourism development. These pillars also serve as criteria formulated by the Global Sustainable
Tourism Council, which include: 1. Sustainable tourism destination management (Sustainability Management) 2.
Economic utilization for the local community (Social-Economy) 3. Cultural preservation for the community and
visitors (Culture) 4. Environmental conservation (Environment) The four pillars mentioned above have been clearly
stated in the Indonesian Tourism Law, where the performance of tourism development is not only measured and
evaluated based on its contribution to economic growth but also on its contribution to improving community welfare,
reducing unemployment and poverty, preserving natural resources/environment, developing culture, and enhancing
the nation's image and identity, with the hope of increasing tourist interest in visiting a tourist destination and also
boosting repeat visits. In previous research, it was stated that sustainability in tourism has two sides (Yoo et al. 2017).

On one hand, the tourism industry is closely related to the development and growth of sustainability (Yoo et al. 2017).
This aligns with the International Standard Organization (ISO) 21401: 2018, which explains the tourism industry and
its related services, specifically the sustainability management system regarding accommodation requirements.

ISO 21401:2018 is in line with the SDGs (Sustainable Development Goals) set by the UN (United Nations) in 2015,
specifically SDG number 11 on sustainable cities and communities (“ISO 21401:2018 - Tourism and Related Services
— Sustainability Management System for Accommodation Establishments — Requirements” 2018).

In addition, there is another standard, ISO 21902:2021, regarding tourism and related services, specifically accessible
tourism for all (requirements and recommendations). ISO 21902:2021 aligns with the Sustainable Development
Goals (SDGs) number 8 on economic growth and decent work, then number 9 on industry, innovation, and
infrastructure, as well as SDG number 10, which focuses on reducing inequality in various aspects (ISO 21902:2021
- Tourism and Related Services — Accessible Tourism for All — Requirements and Recommendations” 2021). The
United Nations World Tourism Organization (UNWTO) defines sustainable tourism as a concept of tourism
development and growth that fully considers the economic, social, and environmental impacts both currently and in
the future (UNWTO 2022). Continued development and growth create economic benefits through the intangible
value tourists perceive through experiences in nature tourism and cultural tourism, for example, as well as other
types of tourism (Yoo et al. 2017). Economic value is also created through the empowerment of local communities,
making them part of the workforce and contributing to the development of the tourism destination (Yoo et al. 2017;
Negrusa et al. 2015). Thus, the potential to achieve sustainability for a destination can be realized by integrating the
balance of the three pillars of sustainability: economic growth, environmental preservation, and positive social
impact (Yoo et al. 2017; Negrusa et al. 2015). Economic growth can be achieved by empowering communities or
residents by creating job opportunities in tourist destinations and surrounding areas (Negrusa et al. 2015; Perles
Ribes and Ivars Baidal 2018; Yoo et al. 2017). Environmental preservation, for example, includes strict regulations
regarding waste management in tourist areas, the separation of wet and dry waste, and the reduction of plastic use
(Negrusa et al. 2015; Souza, Marques, and Verissimo 2020; Ivars-Baidal et al. 2021). The positive social impact, for
example, is the presence of acculturation and positive cultural adoption between residents and tourists (Negrusa et
al. 2015; Ivars-Baidal et al. 2021).

Here is an illustration of the three pillars in the concept of sustainable tourism destinations, plus one pillar based on
the Minister of Tourism Regulation No. 14 of 2016 mentioned above, which is the pillar of sustainable tourism
destination management (Sustainability Management). The author created the image below to illustrate the concept
of a Sustainable Smart Tourism Destination.
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Figure 2. Sustainable Smart Tourism Destinations Model (Hiererra et al., 2024)
METHOD
3.1. Design Science Research Methodology (DSRM)

The research methodology used in this study is the Design Science Research Methodology (DSRM) model, which is
very suitable for research in the information systems discipline [9]. DS (Design Science) is important in disciplines
that are oriented toward the creation of successful artifacts [9].

Several researchers have pioneered DS research in the Information Systems discipline over the past 15 years.
Therefore, DSRM is commonly referenced by researchers in information systems [9], [10], [11], [12].

DSRM incorporates the principles, practices, and procedures needed to conduct research and fulfills three goals: it is
consistent with previous literature, provides a nominal process model for conducting DS research, and provides a
mental model for presenting and evaluating DS research in IS [9], [10], [11], [12].

The DS process includes six steps: problem identification and motivation, solution goal definition, design and
development, demonstration, evaluation, and communication.

3.2. Design Science Research Methodology (DSRM) Process Iteration Model
Here is a picture of the iteration process of the design science research methodology / DSRM:
Figure 3. DSRM Iteration Model

3.2.1. Identify the Problem & Motivate

At this stage, the author conducts open problems by looking for existing problems in the context of the scope of this
research. The author reads various kinds of journals and proceedings from previous studies, reads popular news,
learns from the websites of regulatory institutions related to existing problems, and makes direct observations of the
field. So that the problems found in this research are:

1. Drastically reduced tourist visits due to the covid 19 pandemic
2. Significant reduction in destination’s revenue
Destination wants to increase visitation and revisit rates

4. The destination wants to increase tourist satisfaction by utilizing the latest technology (such as VR
/Metaverse)

5. Destinations want travelers to be able to have an immersive experience
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3.2.2. Define the Objectives of a Solution

At this stage, the author formulates goals and solutions based on the problems found. In formulating goals and
solutions, the author interviewed the Borobudur temple tourist destinations manager. The author also conducted
initial FGDs with the Ministry of Tourism and Creative Economy representatives, namely the Director of Industry
Management and Marketing Expert Staff. Based on the results of the initial interview, the following objectives and
solutions were formulated:

1. Increase the level of tourist visits and return visits

2. Increase tourist satisfaction by applying immersive technology; this solution can be applied in all tourist
destinations, especially in the five Super Priority Tourism Destinations, and Borobudur Temple as a pilot
project

3. Support government program 2020-2025 (Sustainable Tourism, Experience Satisfaction, Technology
Adoption)

4. Metaverse-based Immersive Experience
3.2.3. Design & Development

At this stage, the author determines the Research Question (RQ) and the completion steps to achieve the Research
Objective (RO).

Designing and developing this metaverse prototype application refers to the Sprint method.

The design sprint method was chosen because it is a best practice often used to create game applications. Design
Sprint is an approach to designing and testing, especially user interfaces and testing ideas with potential users. It has
five phases: understand, diverge, decide, prototype, and validate.

In the understanding phase, information regarding user problems and needs is collected. This follows the initial
iteration phase of the DSRM methodology that the author uses in this research. The diverge and decide phases aim
to identify potential strategies to answer the needs and challenges found in the understanding phase. This is in line
with the second and third iteration stages of the DSRM methodology.

In the decide phase, namely determining the design of the Borobudur mobile and VR (Virtual Reality) game
application, the UML system modeling design or Unified Modelling Language is first used as a medium to convey the
design as a use case diagram (UCD). Use case diagrams explain a general picture of the system where users are
illustrated as actors who can have several activities. The authors designed the UCD for the Borobudur mobile and VR
game application prototype.

After creating the use case diagram, the author designs the game architecture. Then, the author built a prototype for
the Mobile platform and VR version with the Oculus Quest 2 tool. The authors designed a game based on mapping
from the Metaverse-based Smart Sustainable Tourism Destination Model concept.

3.2.4. Demonstration — Use Artifacts to solve the problem

In making the artifact, the metaverse tourism application prototype, the author created a user interface screen design
using Figma software. Based on previous research, Figma software was chosen because it is the best practice and is
relatively easy, user-friendly, efficient, and effective. The author used Blender software to create avatar designs and
three-dimensional asset environments and to build games using Unity software version 2022.3.11.f1 with the C#
programming language.

3.2.5. Evaluation — Observe

At this stage, the author tested the prototype on respondents. The selected respondents were Gen Z because it suited
the target sample and research objectives. Observations through this prototype test were carried out at the Binus
Campus in Semarang, Jakarta, Alam Sutera, and Bekasi, as well as at Borobudur Temple.

After the respondents had played the prototype application, they were asked to complete the prepared questionnaire.
The research questionnaire instrument uses the Game Experience Questionnaire (GEQ) formula.

Points 3, 4, and 5 can be concluded into a research framework that the author proposes, namely as follows:
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Research Question 1 is How to Design Borobudur Temple Metaverse Application Prototype? consist of 5 steps namely
as 1. Design & Develop Borobudur Temple Metaverse Application Prototype based on Agile Method (Feature Driven
Development). 2. Preparing the User Persona & User Stories. 3. Preparing the User Experience Flow Chart, 4.
Preparing the User Interface. 5. UX Deployment result to Metaverse Platform “NusaMeta”.

To facilitate understand the RQ 1 research framework, the author created a diagram as follows:

‘ RESEARCH QUESTION 1: How to design Temple icatit ype ? ‘

!

‘ 1. Design & Develop Borobudur Temple Metaverse ‘

Application Prototype based on Agile Method
(Feature Driven Development)

!

2. Preparing the User Persona & User
Stories

!

3. Preparing the User Experience Flow
Chart

!

4. Preparing the User Interfaces

!

5. UX Deployment result to Metaverse
Platform ‘NusaMeta’

!

RESEARCH OBJECTIVE 1: Ready Metaverse based Borobudur Temple
Application Prototype

Fig. 1. Research Framework 1

Research Question 2 is How to evaluate Borobudur Temple Metaverse Application Prototype? consist of 4 steps
namely as 1. Evaluate the app using ISO 25010. 2. Interview the Expert. 3. Get the Feedback Result. 4. Visualize the

reulst using Radar Chart.

To facilitate understand the RQ 2 research framework, the author created a diagram as follows:

RESEARCH QUESTION 2: How to evaluate Temple i Prototype ?

Y
1.Evaluate the app using ISO 25010

v

2. Interview the Expert

Y

3. Get the Feedback Result

\J

4. Visualize the result using Radar Chart

v

RESEARCH OBJECTIVE 2: Maturity Level of Metaverse based Borobudur Temple
Application Prototype

Fig. 2. Research Framework 2

Research Question 3 is How to evaluate Borobudur Temple Metaverse Application Prototype based on End User
perspective? consist of 4 steps namely as 1. Evaluate the app using GEQ (Game Experience Questionnaire). 2. End
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user tries the Application Prototype. 3. End user fills out the questionnaire. 4. Visualize the resulit using Diagram
Chart. ssssTo facilitate understand the RQ 3 research framework, the author created a diagram as follows:

RESEARCH QUESTION 3: How to evaluate Temple i ype based on
End User perspective ?

A4

1. Evaluate the app using GEQ (Game Experience
Questionnaire)

L g

2. End user tries the Application Prototype

A

3. End user fills out the questionnaire

4 4

4. Visualize the result using Diagram
Chart

h 2

RESEARCH OBJECTIVE 3: GEQ Result of Metaverse based Borobudur Temple
Application Prototype

Fig. 3. Research Framework 3
3.2.6. Communication — Publication

At this stage, the author communicates the research results by publishing the results of this scientific work in a
reputable and Scopus-indexed International Journal, and the author decides to submit and publish in this Metaverse
Journal.

RESULTS AND DISCUSSION

The development of Borobudur Temple Metaverse Application Prototype was carried out in three Research Question
following the research framework in Fig. 2, Fig. 3, and Fig. 4.

4.1. How to Answer Research Question 1

To answer Research Question 1, How to Design Borobudur Temple Metaverse Application Prototype that can achieve
goals and be a solution to existing problems, following the research framework in Fig. 2.

4.1.1.  Design & Develop Borobudur Temple Metaverse Application Protoype Based on Agile Method
(Feature Driven Development)

The first step is to carry out design and development refers to the Agile Methodology, Feature Driven Development.

Agile Methodology emphasizes moderate planning, people-oriented collaboration, face-to-face communication, self-
organization and management, and rapid development. This method can tolerate changing requirements and can
effectively and quickly solve problems, increase output, and shorten the overall development time frame and increase
speed and adaptability. [23], [24].

This research uses the agile method because of its ability to adapt and have high flexibility in the development process
of this Borobudur Temple Metaverse Application. In addition, there is a Feature Driven Development which is one
part of agile development, which is the core basis of the development process of Borobudur Temple Metaverse
Application.

FDD (Feature Driven Development) is a practical model in the process of developing software in stages that is object-
oriented and has five stages of activity, namely developing an overall model, building a features list, planning by
feature, designing by feature, and building by feature.[25], [26]
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The FGD method was chosen because the process of developing the Borobudur Temple Metaverse Application is
oriented towards the details of the object that will be made into a metaverse-based, namely Borobudur temple
tourism. By applying FDD, the author can focus on the object to be developed.

4.1.2.  Preparing the User Persona & User Stories

The second step is preparing the User Persona and User Stories. User Persona is a fictional representation of the

application user based on the application's needs and goals [27]. The author designed two user personas for the
Borobudur mobile game & VR application, namely as follows:

User Persona

User Persana Nusal

L rrofite

Yosua is an Informotion Systems student ot an university in Jakerla, With o background in

highly Interested I the

Idl. addilionaly, Vosua has & stro
history taurizm, ons ba is vary familiar with Wit ta0ls Such O3 Mata Gusst 2.

@" Goals

+ Wants to visit various super-priorily tourlst dastinlions,

+ viants to experence e urlst e & reLgh wittiol Reality
techrelogy,
+ Hopes for on application that allows interaction with pecels who shars the same intersst in
Yosua Aletheian histerical tourism
R
Mahasiswa &% Frustrations i Approach

20y.0, Jakarta

« Linited time and budget to visit various:

oaking far immarsive travel
corical tourist sites. cpplications through an opplication

he gevelopmen (platforms that  stora,

technology ©

history and cuituse (o Jife

+ Searehing fer and joining carmmunities
©f cullural haritaga and histery tourism
enthusiasts

Fig. 4. Male User Persona

The user persona above consists of personal data of male potential users of the Metaverse based Borobudur Temple
Application, profile, goals or things that users want to achieve when using the application, frustrations or things that
prevent users from achieving their goals, and approaches as steps for users in achieving their goals.

User Persona

User Persona NusaBorabudur

9 profiie

Jennifar s an Information Systams StUdENt ot on LNiversity In Jakana wno is sty intrasted
in Indenesios Nistorical story, incuding cullurl Derlage and Aistory loursm, Jer e
travaling and hopas for tourist destinations that offer immarsive expariences. Sha has & good

goithe dis g o with 2 tools such o8 Mata Quest 2

@ coals

% + wants 1o get
withaut relyi

heritage staries of various I

sl Reaity.
+ Losking for an applisation or piotierm that ollews sxperiancing and enjoying the beauty of
histerical sites from @ distanice.

Jennifer Tjandra

Mahasiswa

EIN
& \ Approach
18y.0, Jakarta i Frusatons Lo PP
+ Historical touristsitos inndoresia + 10king for information relotea to dig ol
The Integration of the melaverse . s .
it historical tourism sometimes hove difficul o 3. technology developments in tourist
showeases the beauty of culture, « imited fime ane budget (o visit varios— Sestinations.

hisborical bourist sitos. + seaching for apaications of platiarms
thal pravide cultural heritags tourism
destinatians onling.

Fig. 5. Female User Persona

The user persona above consists of personal data of female potential users of the Metaverse based Borobudur Temple
Application, profile, goals or things that users want to achieve when using the application, frustrations or things that
prevent users from achieving their goals, and approaches as steps for users in achieving their goals.

User Stories are used to describe the features required and the goals the user wants to achieve[28]. The author
designed five user stories for the Borobudur mobile game & VR application as follows:

1. As someone interested in cultural heritage, I want to explore cultural heritage and history tourism like

Borobudur virtually so that I can learn about its history and experience the site without having to travel
physically.

2. As astudent, I want to learn how to sort waste from organic, inorganic, paper) so that I can find out the results
of recycling the waste.

3. Asatraveler, I want to explore super-priority tourism destinations through metaverse technology, so that I can
find out about the destination before visiting it.

4. As a student, I want to see the reliefs in Borobudur virtually so that I can better understand the culture related
with the site.
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5. As a Gen Z, I want to play educational games about Borobudur so that I can learn about its history and culture
in an interesting and fun way.

4.1.3.  Preparing the User Experience Flow Chart

The third step is to prepare User Experience Flow Chart. User Experience Flow Chart is a diagram that shows the
flow of activities carried out by users in the system, as well as the response to the activities carried out by users,
namely that users can explore Borobudur Temple [29]:

Nusa Borobudur

Open
Musameta
Application

Fig. 6. NusaMeta to Nusa Borobudur User Experience Flow Chart

The diagram above explains the flow that the user goes through when the user enters the Nusameta application and
selects Nusa Borobudur.
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Nusa Borobudur

s LN N IR

Fig. 7. Quest 1 User Experience Flow Chart
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The diagram above explains the flow that players go through from entering Nusa Borobudur to completing quest 1.
If players don't want to complete the quest, players can explore Nusa Borobudur.

MNusa Borobudur

Wart to play
Quest 7

yll
gl

=

-
:
=
=

Fig. 8. Quest 2 User Experience Flow Chart

The diagram above explains the flow that players go through from finishing playing quest 1 to completing quest 2. If
players don't want to complete the quest, players can explore Nusaborobudur.
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MNusa Borobudur

Want
i play Quest
a7

P

LTI

:
ﬂ
{1
:

Fig. 9. Quest 3 User Experience Flow Chart

The diagram above explains the flow that players go through from finishing playing quest 2 to completing quest 3. If
players don't want to complete the quest, players can explore Nusaborobudur.
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Nusa Borobudur

Click "Intesaet” to NPC 4! Freddy's
interact with AVatar gives narmation
Freddy of Quest 4 instuctions

Bisplays questions’
and audio
explanations of
Questions
Pilayers answer
estions from the
available answers
Show a natiication
10 players to follow.
Elda
lig [
back 1o Elda
NRC 1: Elda's Avatar
Chck "Intaract” o congratulates players on
Interact with Elda.

be doe by players.

Leave Nusa
Borobudur?

Fig. 10. Quest 4 User Experience Flow Chart

The diagram above explains the flow that players go through from finishing playing quest 3 to completing quest 4. If
players don't want to complete the quest, players can explore Nusaborobudur. At the end of the quest journey, Nusa
Borobudur will provide coins that can be converted to Indonesia Rupiah (Rp).

4.1.4.  Preparing the User Interface

The fourth step is to prepare the user interface. The authors created four Quests in the prototype, with 1 (one) level
for each Quest. The first quest is about environmental preservation, visualized in a game application; the user will
clean the courtyard around Borobudur temple by collecting scattered rubbish. Then, after finishing collecting the
rubbish, the user can put it into the available rubbish box, which must match the rubbish category (organic, plastic,
and paper/cardboard). The correct answer will get points/coins, which will later be accumulated until the final Quest.
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From the coins collected, users can redeem points to get shopping vouchers as a stimulus for shopping at
souvenir/merchandise shops located near the exit gate of Borobudur temple. Here is a design of the first Quest screen:

1. User Interface Design 15t Quest

Prototype Mobile & VR — based
Virtual Borobudur

Fig. 11. Main Menu

Fig. 11 above is a picture of the main menu of the Metaverse based Borobudur Temple Application which contains
the application title and two buttons, the first is "explore" to enter the main features of the application, and "exit" to
exit the application.

Fig. 12. Choosing Avatar

Fig. 12 above is a display for selecting an avatar where users can select the avatar they want before starting to play.

Interact

Fig. 13. Start Playing 15t Quest.
Fig. 13 above shows the display for starting the first quest, namely Litter Picking.

Select Plastic Item To Discard

A A

Fig. 14. Collecting Scattered Waste

Fig. 14 above is a display of the results of the waste that has been collected by players which must be thrown into the
digital trash bin.
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Interaction Button

Fig. 15. Dispose of Waste According to category
Fig. 15 above is a display of throwing previously collected waste into a digital trash bin.

2. User Interface Design 2 Quest

Kak Elda

Halo, kita sekarang sudah berada di tingkatan pertama yaitu bagian
kaki candi atau yang di kenal sebagai Kamadhatu. Kamadhatu adalah
tingkatan paling bawah melambangkan perilaku manusia yang terikat
oleh nafsu duniawi. Kamadhatu adalah simbol alam dunia manusia

Prototype goniG Sevihassoat ini.

Fig. 16. UI Kamadhatu Area

Fig. 16 above is a view of the Kamadhatu area where the NPC explains about the area.

Kak Arief
ada 5 relief yang harus diselesaikan dan ada 12 kepingan-kepingan
yang tersebar di It 3.4, dan 5. Kumpulkan kepingan kepingan relief
hingga berjumiah 12 bagian lalu silahkan masukkan dan kepingan

igT 3UFeRut ke relif-relif yang masih kurang sempdrna bentuknya

Prototype M5
Virtual Borobudur

Fig. 17. Kamadhatu Area and Start Relief Puzzle Game

Fig. 17 is a view of the Kamadhatu Area where the NPC explains the game's technicalities and starts 2nd quest.

[ Select Relife Piece To Restore

relief 1 part 4
Aoiece of o calier

Fig. 18. UI Matching the Relief Puzzle Game

Fig. 18 above is a display where the user must match the relief puzzle pieces to complete the 2nd quest.
Rolief Restored! e % 0 >R

You have restore relief Relief 2 -

Fig. 19. UI Relief Puzzle Game Completed

Fig. 19 above is a display where the user successfully completes the 2nd quest Relief Puzzle Game.

3. User Interface Design 37 Quest



983 J INFORM SYSTEMS ENG, 10(26s)

Kak Elda

Rupadhatu menggambark@n Kehidupan manusia yang sudah

terbebas dari hawa nafsu. tetapi masih terikat dengan hal duniawi.

Rupadhatu terdiri atas empat undak teras’berbentuk persegi.
prototype SISERERSH O itu: Pagian dindingaya dihiasi dengan panel-panel relief.

Fig. 20. UI Arupadhatu Area

Fig. 20 is a view of the Arupadhatu area where the NPC explains about the area.

Trapesium ~
Segitiga
Persegi

Lingkaran

Kak Arief s

Berbentuk apakah undak teras dari tingkatan
Ruphadatu ini?

Fig. 21. UI Rupadhatu Area Answering Questions
Fig. 21 above is a view of the Rupadhatu Area and players must answer several questions to complete the 3 quest.

4. User Interface Design 4t Quest

3 =

150 = -

Kak Eida
Candi Borobudur pernah mengalami pemugaran sebanyak dua kali.
Pemugaran yang pertama di lakukan pada tahun 1907-1911 di bawah
komando insinyur Belanda, Theodore van Erp. Pemugaran yang kedua
di lokukan pada tahun 1973-1983 oleh Pemerintah Indonesia dan
Prototype MOLES @OVR — based
Mirtual Borobudur

Fig. 22. UI Cut Scene Overall Borobudur Temple Area

Fig. 22 above is a cut scene overall Borobudur Temple Area before players start to play the 4th quest.

Alam sadar

Alam atas/nirwana
Alam tengah
Alam bawah/kaki candi

Kak Fredy

Arupadhatu dapat dikatakan juga sebagai alam?

Fig. 23. UI Arupadhatu Area Answering Questions

Fig. 23 above is a view of the Arupadhatu Area and players must answer several questions to complete the 4th quest.
4.2.How to Answer Research Question 2

To answer Research Question 2, How to evaluate Borobudur Temple Metaverse Application Prototype that can
achieve goals and be a solution to existing problems, following the research framework in Fig. 3.

4.2.1. Evaluate the App using ISO 25010

ISO 25010 is a quality model that is the basis of a software product quality evaluation system that has 9
characteristics, namely Functional Suitability, Performance Efficiency, Compatibility, Interaction Capability,
Reliability, Security, Maintainability, Flexibility, Safety.[30]

4.2.2. Interview the Expert

The author selected 7 characteristics from 9 existing characteristics and selected 17 sub-characteristics from 39 sub-
characteristics. The selection was based on the needs of the application prototype built by the author.
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4.2.3. Get the Feedback Result

The author provides statement indicators that have been provided by ISO 25010 to 5 expert sources using a Likert
scale of 1 - 4. Scale 1 Strongly disagree, 2. Disagree, 3. Agree, 4. Strongly Agree. The results of feedback from the
experts will be displayed on the radar chart below.

4.2.4. Visualize the Result Using Radar Chart

The author also created a spider diagram (radar chart) to determine the maturity level of the application prototype
that the author built and developed.

It can be seen in the image below that almost all the main characteristics have a metric value above three;
Compatibility and Security characteristics have a value of 4.0, Performance Efficiency 3.8, Functional Suitability 3.7,
Reliability and Interaction Capability have a value of 3.6 and Flexibility has a metric value of 3.5.

o Maturity Level

Compatibility
40 N

3,0

2,0

1,0 Total

Reliability- Functional Suitability
3,6 3,7

Performance Efficiency Interaction Capability
3.3 36

Fig. 24. Radar Chart — ISO 25010 Characteristics Maturity Level
Below is a detailed radar chart for each sub-characteristic:

Radar Chart - Sub Characteristics Maturity Level

Maturity Level

4,0
1.1 Functionaly: 3,6
83 \éusﬁmllabilns;.a 4,0 _» 1.2 Functional...

8.1 Adaptabillty |

3,61 3 Functional...

38
6.1 CDnﬁdEntig’Iﬂy 9.1 Time Beh aviour

338
5.2 Awvailability

4,0 —a—Total
3.1 Co-existence

5.1 Faultlessness
34

4.7 Self:.

34

4.6 User Assistance

4.3 oclusivit

4,0

4.2 Learnability
3,6

33 Operability
4.4 User Error...

Fig. 25. Radar Chart - Sub Characteristics Maturity Level

The author concludes based on the data of the figures above, the results of the application prototype test using ISO
25010, namely the seven characteristics have a metric value above 3.5, meaning that on this scale it shows that the
average respondent answered closer to "Strongly Agree" and "Agree" regarding the functional suitability and usability
of the software. This indicates a high level of satisfaction with the software's ability to meet user needs in terms of
functionality. This software shows high functional suitability, with most users agreeing or strongly agreeing that the
software meets their needs. It covers the required functions comprehensively, users consistently receive correct
results from the software, and the functions provided by the software are very appropriate to achieve user tasks and
goals.

4.3. How to Answer Research Question 3

To answer the Research question 3, how to evaluate Borobudur Temple Metaverse Application Prototype based on
End User Perspective, following the research framework in Fig. 4.
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4.3.1. Evaluate the App Using GEQ (Game Experience Questionnaire)

The first step is to evaluate the application using GEQ (Game Experience Questionnaire). The Game Experience
Questionnaire is an evaluation tool that specifically measures user experience in playing games. It has a modular
structure and consists of four modules, namely The Core Questionnaire, In-Game GEQ, The Social Presence Module,
dan The Post-game Module. [31]

The author prepared a GEQ questionnaire that was distributed to end users after they tried the application prototype.
4.3.2. End User Tries the Application Prototype

The number of end users who tried the application prototype was 346 people, which was specifically for end users
who had a gen z demographic with an age range of 14 - 28 years. In this phase, 68% of respondents who tried the
prototype and filled out the questionnaire were those aged 18-23 years, 29% of respondents were aged 12-17 years,
and 3% were over 28 years.

4.3.3. End User Fills The Questionnaire

The author distributed the questionnaire after the end user tried the prototype of the Borobudur Temple Metaverse
Application. Based on the data results, it was obtained that 247 people or 71% had visited and 99 people or 29% had
never visited Borobudur Temple.

4.3.4. Visualize the Result Using Chart Diagram

Based on the results of the responses from the questionnaire that was filled out by end users, several data were found
which are displayed in the chart diagram below.

AVERAGE % OF LIKERT SCALE VALUES ON GAME CORE

Positive Affect
Immersion 11% 89%
Competency
Flow 42% 58%

Challenge 49% 1%

Negative Affect
Annoyance 70% 30%
® Average of % Disagree = Average of % Agree

Fig. 26. Likert Scale Value % Chart on Game Core Module with Agree and Disagree Values

Based on the visual chart above, from 33 statements filled by 346 respondents then the average percentage of the
Likert scale value was made in the core game module, it can be interpreted that from 346 respondents who had filled
out the game experience questionnaire, namely the 'Positive Affect' category, 93% or 322 people agreed to feel a
positive affect and 7% or 24 people who disagreed felt a positive affect. Then in the ‘Tmmersion’ category, there were
89% or 308 people who agreed to feel an immersive experience and 11% or 38 people who disagreed to feel an
immersive experience. In the 'Competency’ category, there were 86% or 298 people who agreed to feel competent
and 14% or 49 people who disagreed to feel competent. In the 'Flow' category, there were 58% or 201 people who
agreed to feel flowing in playing and 42% or 145 people who disagreed to feel flowing in playing. In the 'Challenge'
category, there are 51% or 177 people who agree that they feel challenged in playing and 49% or 169 people who
disagree that they feel challenged in playing. In the 'Negative Affect' category, there are 41% or 141 people who agree
that they feel negatively affected in playing and 59% or 205 people who disagree that they feel negatively affected in
playing. In the 'Annoyance’ category, there are 30% or 104 people who agree that they feel annoyed in playing and
70% or 242 people who disagree that they feel annoyed in playing.
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AVERAGE % OF LIKERT SCALE VALUES IN GAME

Positive Affect IR 91%

Immersion 9% 91%

Competency Rk 89%
Challenge 23% 7%
Flow 43% 57%
Negative Affect
Annoyance 69% 31%

® Average of % Disagree ®Average of % Agree

Fig. 27. Likert Scale % Value Chart In Game with Agree and Disagree Values

Based on the visual chart above, from 14 statements filled by 346 respondents then made an average % of the Likert
scale value in the game, it can be interpreted that from 346 respondents who have filled out the game experience
questionnaire, namely the 'Positive Affect' category, 91% or 314 people agreed to feel a positive affect and 9% or 31
people who chose not to agree felt a positive affect then in the Tmmersion’ category there were 91% or 314 people
who agreed to feel an immersive experience and 9% or 31 people who agreed to feel an immersive experience.
Furthermore, in the 'Competency' category, 89% or 307 people agreed to feel competent and 11% or 38 people who
disagreed felt competent. In the category of 'Challenge', 77% or 266 people agreed to feel challenged and 23% or 79
people disagreed to feel challenged, then in the category of 'Flow', 57% or 1977 people agreed to feel flowing in playing
and 43% or 148 people disagreed to feel flowing in playing. In the category of 'Negative Affect’, 35% or 121 people
agreed to feel negatively affected and 65% or 224 people disagreed to be negatively affected. In the category of
'Annoyance', 31% or 107 people agreed to feel annoyed and 69% or 238 people disagreed to feel annoyed.

AVERAGE % POST-GAME LIKERT SCALE VALUES BY POSITIVE EXPERIENCE
CATEGORY

satisied |
Energies I
Prows
Victory
Powertul

m5um of % Disagree mSum of % Agree
Fig. 28. Post-Game Likert Scale % Value Chart by Positive Experience Category

Based on the visual chart above, it can be interpreted that out of 346 respondents who have filled out the post-game
experience questionnaire that produced an average % post-game Likert scale value based on positive experiences
found in the 'Satisfied' category, there were 91% or 315 people who agreed to feel satisfied and 9% or 31 people who
disagreed to feel satisfied. In the 'Energised’ category, there were 91% or 315 people who agreed to feel energized and
9% or 31 people who disagreed to feel energized. In the 'Proud' category, there were 88% or 304 people who agreed
to feel proud in playing and 12% or 42 people who disagreed to feel proud in playing. In the 'Victory' category, there
were 84% or 291 people who agreed to feel victory in playing and 16% or 55 people who disagreed to feel victory in
playing. In the 'Powerful’ category, there are 81% or 280 people who agree that they feel powerful when playing and
19% or 66 people who disagree that they feel powerful when playing.

CONCLUSION

The author compiled a questionnaire referring to the GEQ framework, namely the Game Experience Questionnaire.
There are 3 modules, namely the core module, the in-game module and the post-game module. The author also added
statements related to the addition of knowledge and tourist satisfaction in accordance with the objectives of this study
as many as 10 questions. The complete and clear research results for each statement category and also each indicator,
the author presents in chapter 4 of the results and discussion of the research.

The author designed a use case diagram and system architecture for the design of the Borobudur temple metaverse
application prototype. After that, the author also designed the user interface and user experience and compiled the
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game flow in the form of a GDD (Game Design Document), consisting of 4 quests with each quest must be played by
each user and users can explore the Borobudur virtual game by climbing and going around the entire Borobudur
temple.

The results of this study can be a starting point for better further research. The suggestions for this research are that
the research model that has been formed can continue to be developed by adding other research components,
developing an application prototype so that it can be accessed on Android and iOS, and adding variations of games
and levels of difficulty.

The author can offer suggestions for how stakeholders can better utilize the metaverse as an engaging and instructive
medium to promote cultural heritage and history tourism, grow industry audiences to work with the government to
further integrate the metaverse for the advancement of beneficial technology for all, and inspire community members
to embrace and learn about the advancements in metaverse technology.
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