UNIVERSITAS %ﬁ
MUHAMMADIYAH

Satrety Induction Pendakian
Gunung bagi Pendaki Pemula

Oleh:
M. Aldi Setiawan
Rohman Dijaya
Prodi Informatika
Universitas Muhammadiyah Sidoarjo
Februari, 2026

@ wwwumsidaacid (O) umsida1912 W umsidal912 f mlammayen © umsidal912




Pendahuluan

Indonesia, with its diverse natural beauty, has become a paradise for adventure tourism, and mountain climbing is
one of the nature tourism activities that has experienced a significant increase in popularity in recent years [1].
This rapid growth has also been accompanied by an increase in climbing-related accidents. Between 2015 and
2019, there were 130 reported cases of missing climbers, resulting in 26 fatalities, with hypothermia or illness
(47%) and accidents (24%) identified as the main causes. Based on the identified gap and theoretical foundation,
this research aims to develop and evaluate an Android-based markerless augmented reality application to enhance
pre-climbing safety induction for beginner climbers. The developed application presents interactive three-
dimensional AR models to deliver safety induction information and is developed using Blender and Unity,
equipped with zoom and audio features to support multimodal learning. Practically, markerless AR improves
accessibility and usability, as it can be used anytime and anywhere without additional physical markers, making it
suitable for outdoor safety education. the Augmented Reality Safety Induction Mountain Climbing application
developed for beginner climbers obtained a feasibility score of 87%. Compared to conventional safety induction
methods such as direct briefings, reading materials, and educational videos, AR-based media shows advantages in
increasing user engagement and providing a more immersive learning experience.
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Metode

This study employed a development-oriented research approach in the form of applied system development, focusing
on the design and implementation of an Android-based markerless augmented reality (AR) application for mountain
climbing safety induction. The Multimedia Development Life Cycle (MDLC) method was selected because it is
specifically designed for multimedia-based applications that integrate visual, audio, and interactive components,
making it more suitable than general instructional models such as ADDIE, which primarily emphasize pedagogical
planning rather than technical multimedia implementation. MDLC consists of six structured stages: concept, design,
material collection, assembly, testing, and distribution. Work Breakdown Structure (WBS) is a hierarchical diagram
arranged from top to bottom in order to divide the work process into more detailed parts. This approach helps in
management and control during the implementation of research [24]. After the WBS is compiled, the next step is to
discuss each stage of the research that has been carried out in accordance with the objectives and research methods.
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Hasil

The questionnaire results obtained from beginner climbers, there were 20 respondents with a score of 5, totaling 95; a score of 4, totaling 57; a score of 3, totaling 25;
a score of 2, totaling 2; and a score of 1, totaling 1 respondent. The formula for assessing respondents' responses to the augmented reality safety induction
application for beginner climbers on a Likert scale. The highest score is marked with an X, and the highest score is in the “optimal performance” category with a score
of 5. The score obtained is the number of questions multiplied by the questionnaire submitted, namely X = 5 x 9 = 45. The expected score is represented by Y, then
calculated by multiplying that value by the number of respondents determined, Y = 45 x 20 (number of respondents) = 900.

f = Total frequency value for each question P = Feasibility presentation
¢ T = Total respondents Y = Expected score
¢ Pn = Likert score
i Therefore, the user satisfaction calculation results are:
®  f=TxPn (1)
¢ f=(95x5) + (57x4) + (25x3) + (2x2) + (1x1)
® f=475+228+75+4+1=783
®  p=f/yx100% = P% (2)
)

p=783/900x100% =87%

Based on the analysis results, the Augmented Reality Safety Induction Mountain Climbing application developed for beginner climbers obtained a feasibility score of
87%. Compared to conventional safety induction methods such as direct briefings, reading materials, and educational videos, AR-based media shows advantages in
increasing user engagement and providing a more immersive learning experience. These results are in line with scientific studies on safety training, which state that
the use of AR is generally more effective than traditional methods, especially in increasing engagement and learning retention, although the difference in knowledge
acquisition is not always statistically significant. A meta-analysis of various studies also shows that AR is superior in delivering complex material. Therefore, the
developed AR application can be considered highly effective and suitable for use as an educational medium for mountain climbing safety induction for beginner
climbers [27].
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Pembahasan

The results of this study indicate that the developed augmented reality-based mountain climbing safety induction
application is feasible and well accepted by beginner climbers. The feasibility score of 87% obtained from the
Likert scale questionnaire reflects positive user perceptions in terms of usability, visual clarity, interactivity, and
perceived usefulness. These findings are in line with recent literature which reports that AR technology can
significantly enhance safety training and immersive learning experiences by increasing engagement and active
participation compared to traditional methods. One of the key contributions of this study lies in the
implementation of markerless AR technology for outdoor safety education. Unlike marker-based AR, which relies
on printed markers, markerless AR allows users to interact with three-dimensional safety equipment models in
flexible settings without additional physical tools. This characteristic supports experiential and situated learning
principles, particularly in dynamic real-world environments such as mountain climbing, and aligns with findings
that AR and extended reality technologies enrich safety training by creating realistic, interactive learning
environments. Specifically, comparative studies show that AR-based safety training is more effective in short-term
knowledge acquisition and long-term retention than traditional slide-based methods, as observed in metro
construction safety case studies [29]. These findings are consistent with experiential learning theory, emphasizing
the importance of active engagement with real content in developing practical competencies and preparedness for
risk situations.
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Manfaat Penelitian

Based on the results of this study, it can be concluded that the Mountain Climbing Safety Induction Application for
Beginner Climbers contributes to the development of interactive safety education media by integrating markerless
augmented reality technology into outdoor safety training. This research demonstrates how AR-based
visualization can be effectively applied to present climbing equipment usage and emergency handling procedures
in a more engaging and immersive manner compared to conventional safety induction methods. The use of
markerless AR allows users to access three-dimensional learning content flexibly without the need for physical
markers or actual equipment, thereby enhancing practicality and supporting visual and experiential learning for
beginner climbers.
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