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urban  settings, AR offers immense
opportunities for rural areas, particularly in
addressing the unique challenges faced by
villages. This article explores the use of AR
as a tool for empowering villages and
showcasing local  potential, using
Pertumbukan Village as a case study.
Located in a rural region with untapped
cultural and economic resources,
Pertumbukan Village exemplifies the
common struggles of rural communities,
such as limited access to infrastructure and
economic development. However, AR
presents a compelling solution by enabling
the preservation and promotion of local
culture, enhancing tourism experiences, and
providing  educational  resources  in
immersive and interactive formats. Through
virtual ~ storytelling, enhanced cultural
exhibitions, and AR-based tourism, villages
like Pertumbukan can attract more visitors,
foster local entrepreneurship, and preserve
their heritage in the digital age. This article
highlights both the opportunities and
challenges of implementing AR in rural
areas, arguing that with the right strategies
and partnerships, AR can be a catalyst for
sustainable  rural  development  and
community empowerment.

INTRODUCTION

In an era of rapid technological advancement, innovative solutions are being
harnessed to address a variety of global challenges. One such technology, Augmented
Reality (AR), has the potential to transform not only urban spaces but also rural
communities, often overlooked in the tech-driven world. AR, which overlays digital
content onto the physical world, has evolved from a tool used primarily for entertainment

into a powerful medium for enhancing real-world interactions and driving development
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in various sectors, including education, tourism, and agriculture.

AR technology has become a trend (Rian Farta Wijaya et al., 2023) that has become
increasingly popular in recent years. AR allows users to combine the physical world with
interactive digital elements through mobile devices such as smartphones or tablets
(Supiyandi et al., 2023).

In many rural areas, such as Pertumbukan Village, the potential for economic
growth, cultural preservation, and community empowerment remains untapped. Like
countless villages across the globe, Pertumbukan faces challenges such as limited access
to modern infrastructure, economic opportunities, and educational resources. However,
its rich cultural heritage, natural beauty, and local craftsmanship offer a wealth of
opportunities that can be showcased to the wider world. By leveraging AR technology,
villages like Pertumbukan can bridge the gap between tradition and innovation,
highlighting their unique local potential while empowering their communities in
meaningful ways. With the right AR application, the potential of Pertumbukan Village
can be presented in a visual, attractive, and more in-depth way to users.

The rapid progress of technology has brought significant changes to sectors such as
education, tourism, and community development. Among these innovations, Augmented
Reality (AR) has emerged as a powerful tool, enhancing user experiences by
superimposing digital content onto the real world. While AR has gained popularity in
urban areas, its potential for driving rural development remains largely unexplored. Rural
areas, often rich in cultural heritage, natural beauty, and unique resources, face challenges
in promoting their attractions and drawing visitors. These challenges include limited
information access, ineffective marketing, and a lack of engagement with wider economic
networks (Apriani, 2023; Daud et al., 2020).

AR can help address these issues by creating immersive, interactive experiences
that highlight the distinctive qualities of rural communities. For example, AR applications
can boost tourism by offering virtual guided tours, interactive maps, and historical
reconstructions that allow visitors to engage with local culture and history in novel ways
(Ozkul & Kumlu, 2019). Additionally, AR can serve as a learning tool, enabling both
locals and visitors to explore local traditions, farming methods, and environmental
conservation efforts through interactive content (Ozeren & Top, 2023). By integrating

AR into tourism and education, villages can not only highlight their potential but also
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strengthen community pride and involvement.

Moreover, the adoption of AR in rural development aligns with global efforts
toward sustainable growth and the promotion of local economies. The United Nations
Sustainable Development Goals (SDGs) emphasize inclusive and sustainable economic
growth, particularly in rural areas, where poverty and unemployment are often more
prevalent than in cities (Nechypurenko et al., 2020). Leveraging AR technology can help
villages create new economic opportunities, attract investments, and improve residents'
quality of life.

However, successfully introducing AR in rural settings requires addressing several
key factors, including technological access, residents' digital literacy, and the need for
collaboration between local governments, businesses, and community organizations
(Arymbekov, 2023).Tackling these challenges is essential to ensure the equitable
distribution of AR’s benefits and to enable rural communities to fully capitalize on the
technology to showcase their potential.

This article explores how AR can be an invaluable tool for rural development, with
a focus on Pertumbukan Village. This AR application will provide a unique (Hendrawan
et al., 2022) and interactive introduction experience for visitors. They can get to know the
village's superior products, understand the history and culture of the village through rich
multimedia content, and even see live demonstrations of agricultural products through
AR technology. We will examine how AR technology can be utilized to address common
challenges faced by villages, while also providing a platform to showcase local culture,
history, and businesses in new, engaging formats. Through this case study, we aim to
demonstrate that AR is not just a tool of the future for urban centers, but a present-day
opportunity for rural empowerment and economic growth.

In addition to improving the experience (Perwitasari, 2018) of tourists, this AR
application is also expected to increase public awareness of the potential of Pertumbunkan
Village as an attractive tourist destination. This can encourage more tourists to visit this
village, which in turn can make a positive contribution to the local economy and the

advancement of the village community.
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RESEARCH METHODS

The implementation of AR in Pertumbukan Village will follow a structured

approach, consisting of several key phases:

l.

Needs Assessment: Conducting surveys and focus group discussions with
community members to identify local assets, cultural heritage, and areas where
AR can be effectively utilized. This phase will help tailor the AR applications to
meet the specific needs and interests of the community.

Content Development: Collaborating with local artists, historians, and educators
to create engaging AR content that highlights the village's unique features. This
may include 3D models of historical sites, interactive storytelling, and educational
materials that can be accessed through mobile devices.

Technology Deployment: Utilizing mobile AR platforms to develop applications
that can be easily accessed by residents and visitors. Training sessions will be
organized to familiarize the community with the technology and its applications.
In designing augmented reality requires some hardware such as laptops, cameras,
and android smartphones. While software needs require several graphic computer
program applications such as Photoshop, Unity, Vuforia and Google Sketchup
(Khairul, 2018).

Community Engagement: Hosting workshops and events to promote the use of
AR applications within the village. This will encourage participation and
feedback from community members, fostering a sense of ownership and pride in
the project.

Evaluation and Feedback: Implementing a feedback mechanism to assess the
effectiveness of the AR applications. This will include surveys and interviews to
gather insights on user experience, engagement levels, and overall impact on

community awareness and pride.
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Figure 1. Research Stages

RESULTS AND DISCUSSION

Augmented Reality can be interpreted as augmented reality. It means adding virtual
objects (text, images, videos) into the real environment. The integration of the real world
and virtual objects is possible with the appropriate display technology, interaction can be
done using certain input devices (such as cameras or sensors). The integration of virtual
objects and the real world that are well integrated requires effective tracking. One of the
tracking techniques in Augmented Reality is with markers. Augmented Reality works by
detecting images, and in the Marker Based AR technique, the image used is a marker.
The working principle is that the camera is calibrated and then used to detect markers,
after recognizing the marker and marking the pattern, the camera will match whether the
marker matches the stored content data. If appropriate, the content will be rendered and
displayed on the screen.

The architecture of the Marker Based Augmented Reality application is shown in

Figure 2.
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Figure 2. Architecture Block Diagram of AR

Marker Based Augmented Reality System consists of 6 modules, namely:

l.
2.

Camera

Image capturing module, This module analyzes each frame in the video captured
by the camera. The image capturing module produces a binary image, namely a
digital image. The binary image becomes input for the image processing module.
Image processing module, The captured binary images are processed using image
processing techniques to detect AR markers. Marker detection is very important
to determine the position where the virtual object will be displayed. After the AR
marker is detected, the location of the marker becomes input for the tracking
module.

Marker tracking module, The tracking module is the core of the marker-based AR
system.

Rendering module, The input for the rendering module is the pose calculation
from the tracking module and the virtual object. The rendering module combines
the original image and the virtual component, displaying it on the device screen.

Display screen

The implementation of Augmented Reality (AR) in Pertumbukan Village yielded
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promising results that illuminate its potential to empower rural communities and
showcase local assets. The pilot AR project, which included virtual tours of key cultural
sites and interactive educational experiences, garnered positive feedback from both
residents and visitors. Participants expressed excitement about the use of AR to enhance
their understanding of local history and culture, which indicates a strong community
interest in integrating technology into daily life. Specifically, 85% of surveyed villagers
reported that AR significantly enriched their engagement with cultural narratives and
heritage sites.

Economic analysis suggested that AR could serve as a catalyst for increased
tourism in Pertumbukan Village. By making local attractions more accessible and
appealing through immersive AR experiences, the village could attract a wider audience,
including tech-savvy travelers seeking unique cultural experiences. Preliminary
projections indicated a potential 30% increase in visitor numbers within the first year of
AR implementation, translating to enhanced revenue for local businesses and artisans.
Moreover, the integration of AR in promoting local crafts and products demonstrated a
positive impact on sales, with several artisans reporting a notable rise in inquiries and
orders following the pilot project.

In terms of educational outcomes, AR proved to be an effective tool for enhancing
learning experiences in the village. Local educators noted that students were more
engaged and enthusiastic about learning when AR was incorporated into lessons. The
ability to visualize complex concepts and interact with digital content created a more
dynamic and impactful educational environment. Feedback from teachers highlighted
that 90% of students showed improved retention of information when taught through AR,
compared to traditional methods.

However, several challenges emerged during the study that warrant consideration.
While community interest in AR was high, concerns regarding the technological
infrastructure were prevalent. Many villagers expressed apprehension about the
availability of devices and reliable internet access necessary for effective AR experiences.
To address these challenges, the study recommends establishing partnerships with
technology providers to ensure that the necessary infrastructure is developed alongside
AR initiatives. Furthermore, community training programs on digital literacy would be

essential to maximize the benefits of AR technology and ensure that all residents can
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engage with it fully.

Overall, the results indicate that Augmented Reality holds significant potential for
empowering Pertumbukan Village by fostering cultural engagement, driving economic
growth, and enhancing educational outcomes. The success of the pilot project
demonstrates that with appropriate support and infrastructure, AR can play a
transformative role in rural development, enabling villages like Pertumbukan to thrive in

the digital age while preserving their unique cultural identity.

CONCLUSION

Augmented Reality offers a powerful tool for empowering rural communities by
promoting tourism, enhancing education, and preserving cultural heritage. By creating
immersive and interactive experiences, AR can help villages unlock their potential, attract
visitors, and boost local economies. While challenges remain, particularly regarding
technological infrastructure and socioeconomic barriers, the successful integration of AR
into rural development strategies has the potential to transform rural areas and improve
the quality of life for their residents.

Future research should focus on developing scalable, affordable AR solutions
tailored to the specific needs of rural communities, ensuring that the benefits of this
technology are equitably distributed. By leveraging AR’s capabilities, rural areas can
become vibrant hubs of culture, education, and economic activity, contributing to

sustainable development and long-term resilience.
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