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Received in revised form 5 meeting point of several colliding tectonic plates. In addition, the
November 2024 presence of active volcanoes is also an additional factor. The
Accepted 5 December 2024 construction of high-rise buildings in Indonesia has continued to
increase in recent years along with the growth of urbanization and the
Keywords: need for more efficient space in urban areas, this has increased the risk
Earthquake Evacuation of accidents in high-rise buildings. With these problems, a disaster
High-rise Buildings simulation is needed which can be the right step to understand the
Simulation Design correct ways to handle and evacuate from disasters. The right simulation
Virtual Reality for this problem is to use Virtual Reality (VR)-based learning because

this simulation can increase the effectiveness of disaster management
education by experiencing firsthand a realistic and interactive
earthquake scenario simulation. The results of the pre-post test
processed using the Wilcoxon signed rank test method obtained a result
of 7.5 where 7.5 < 52 (critical value) concluded that this simulation
provides a significant change in knowledge of earthquake disaster
mitigation in high-rise buildings. And from the SUS (System Usability
Scale) Questionnaire, the score obtained was 78.875 which is included
in the category 70-85 which means that this system is quite good in terms
of usability. Users generally feel comfortable using the system.

Introduction

The earth is round like a ball but flat at the poles. The earth has an internal structure that is
almost the same as an egg. In dealing with disasters, preparedness is the key to safety. This
shows the need for a preparedness plan in the field of disaster nursing, especially earthquakes,
so that it can minimize the losses that will occur (Cahyo et al., 2023). The slowing down of
movement causes a buildup of energy in the subduction zone and fault zone. As a result,
pressure, tension, and shear occur in these zones (Leutualy et al., 2023). The types of
earthquakes are volcanic, tectonic and collapse earthquakes (Maharani, 2020). The risk of this
earthquake disaster is that in addition to loss of life and mental health, losses and damage to
property cannot be avoided, damage to office buildings, factories and others. This causes a lot
of losses, therefore it is necessary to have earthquake risk mitigation that can be taken or
proper evacuation routes (Kosim et al., 2023). Self-rescue from an earthquake can be done in
various ways. One way is disaster mitigation by providing training in schools or the like
(Qurrotaini & Nuryanto, 2020). One of the rescue efforts during a disaster is to take shelter
under a table, turn off all electrical equipment and others.

A multi-storey building is a high-rise building with a unique and attractive shape. The
characteristics of a multi-storey building are that it has many floors, a strong and stable
structure, a complete and good safety system, and complete supporting facilities (Makhrus &
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Hakim, 2023). Multi-storey buildings must be strong in supporting loads in order to comply
with the function of the building and can survive an earthquake. The response of the building
when experiencing a combination of loads also needs to be evaluated so that the building
provides good comfort (Pramesti, 2018; Saruni et al., 2017). The risks of multi-storey
buildings include structural damage, fire risk, and others (Tampubolon et al., 2022).

Evacuation route is An evacuation route is a route or path designed and designated for use by
occupants of a building or a particular area to exit safely and quickly (Mandela & Torang,
2022). Evacuation route signs include assembly point locations, emergency exit markers (Fire
Protection Association, 2019).

Virtual reality (VR) is a multimedia technology application that has the advantage of depicting
a situation or an object where the simulation displayed can not only be seen from one point
of view, but can also be seen from any angle, because it produces 3-dimensional visualization
(Lubis & Rahayu, 2023). Virtual Reality is a technology that allows users to interact with the
environment in cyberspace that is simulated by a computer, so that users feel like they are in
that environment (Riyadi et al., 2023). With the interaction between the user and the virtual,
VR is an interactive media (Fitriya et al., 2022). The uses of VR include entertainment,
education and training, health (Fitriyani et al., 2021).

Oculus Quest 2 is a virtual reality (VR) headset device developed by Oculus (Ridha et al.,
2022). The advantages of this device are that it does not require additional devices such as
computers or consoles so it is more practical, high visual quality, ease of use, affordable price
(Mardoyo et al., 2022). Unity software has various features (Mardoyo et al., 2022). Unity is
one of the most popular and widely used game development platforms for creating Virtual
Reality (VR) applications and content. With Unity, developers can create immersive and
interactive VR experiences for various VR devices such as Oculus Rift, HTC Vive,
PlayStation VR, and many more. Wilcoxon Signed Rank Test (Wilcoxon Sign Rank Test)
which is given the symbol T (Wiguna & Sudiarno, 2019). Another definition is a group of
subjects who are treated for a certain period of time, measurements are taken before and after
the treatment is given, and the effect of the treatment is measured from the difference between
the initial measurement T1 and the final measurement T2.

Methods

The research method employed in this study was intended to assess the approach of
earthquake disaster evacuation route simulation using Virtual Reality VR in high-rise
buildings. This research was carried out at Industrial Engineering of the National
Development University “Veteran” East Java during March up to the end of this research. In
this study the independent variables included the learnability, efficiency and usability of the
above designed simulation while the dependent variable was participants’ level of
understanding in disaster mitigation.

It was chosen to use a VR device called Oculus Quest 2 which does not necessitate another
computer hence more effective while offering superior graphical display system. This work
focused on the development of the simulation; this includes the design of the virtual
conditions in high-rise buildings during an earthquake. This environment was modeled and
was developed in the application known as Blender for three-dimensional visualization and
the overall simulation was run in the Unity game engine to simulate the logic of object
interaction of the virtual world. As for the assessment of participants’ knowledge change after
using the VR simulation, this study has employed the Wilcoxon Signed Rank test method in
order to compare the pre-test and post-test results of the respondents.

During the study, each respondent underwent an earthquake disaster evacuation simulation
and their understanding was tested before and after the simulation session. The data obtained
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was then processed to measure how effective this simulation was in improving participants'
understanding of earthquake disaster mitigation in high-rise buildings

Results and Discussion

Explain the results of the research in the form of problem-solving analyzed using relevant
theories. The results of the study also revealed the findings of the research. Discussion is
accompanied by logical arguments by linking the results of research with theory, the results
of other studies.

Table 1. Disaster Mitigation Simulation with VR

Scene Location Commands Action
when the . . There was an The action immediately
Inside a high- . -
earthquake : s earthquake, what actions | came out of hiding under
rise building
occurs were taken the table
when the run following the correct
earthauake Inside a high- | The earthquake stopped, | symbol
sto Sq rise building what actions were taken | run through the wrong
P path (elevator, window)
. standing next to a tree
when leaving O.UtS'd.e a Al_rea_dy out of the_ standing next to an electric
o high-rise building, what actions
the building L pole
building were taken

standing in a wide field

Source: data processing

The initial stage of creating a work safety simulation using VR is the creation of Assets or
virtual environments that visualize the actual environmental conditions in each category of
earthquake simulation. In this study, the environment taken was inside a multi-storey building
and outside a multi-storey building. The creation of a virtual environment using three-
dimensional blender software.

Figure 1. Assets in a high-rise building

Figure 1. is the initial layout design in the room for asset creation. This floor is a floor
consisting of several rooms such as a meeting room, manager's room, ballroom, pantry,
workspace and bathroom.
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Figure 2. Assets Outside High-rise Buildings

Figure 2 is the initial outdoor layout design for asset creation. This asset consists of buildings,
trees, electric poles, and open fields.

The next step is to build a logic of thinking so that the game runs smoothly. The logic of
thinking here is a script used in the unity software to command everything that happens in the
simulation later. Writing application scripts is made for each object in the virtual environment
so that they can interact according to the desired form of interaction. Writing application
scripts is done using Microsoft Visual Studio software.

Figure 3. C# script

This Input Data contains code used to set the connection between the device and the player
object if the device is disconnected and also to set the position back according to the device.

layer;
ller playerController;

Figure 4. C# script
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This Input Data contains the code used to give the object the will to interact with the player
via the VR controller.

At this stage all objects that have been created are combined with a script containing
interaction commands using a game engine software called Unity. This stage is an important
process in the development of a simulator software, if at the time of execution the object
cannot be manipulated according to what is ordered then there is a big possibility that there is
an error in the script/code that has been created.

Figure 5. Simulation Boundary creation process

The purpose of this stage is to provide boundaries to the areas that can be explored by the user
and to restore the player's position if the player is out-of-bound and falls.

Figure 6. the process of inserting a script into an object

This stage involves inserting the C# script code that has been created into the object to make
the object interactable as desired.

Tulisan

- —
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Figure 7. the process of creating the ending interface.

This stage contains the creation of an interface menu for each ending which will determine

the storyline.

Table 2. pre-post test recap results

Responden | Pre-test | Post-test | Difference | Absolut | Ranking Result
1 40 90 50 50 18 positive
2 70 100 30 30 13,5 positive
3 60 90 30 30 13,5 positive
4 70 90 20 20 8,5 positive
5 40 60 20 20 8,5 positive
6 80 80 0 0 15 negative
7 70 100 30 30 13,5 positive
8 40 90 50 50 18 positive
9 60 80 20 20 8,5 positive

10 70 100 30 30 13,5 positive
11 80 80 0 0 1,5 negative
12 70 80 10 10 4,5 positive
13 40 90 50 50 18 positive
14 80 100 20 20 8,5 positive
15 90 100 10 10 4,5 positive
16 90 80 -10 10 4,5 negative
17 80 90 10 10 4,5 positive
18 50 80 30 30 13,5 positive
19 60 90 30 30 13,5 positive
20 40 100 60 60 20 positive
Total (negative) 7,5

N =20 (number of respondents)

a = 0.05 (alpha value coefficient)

Critical value = 52 (obtained from the Wilcoxon signed rank test critical value table with N =

20)

From the recapitulation results of the Pre-Post Test calculation using the Wilcoxon Signed
Rank Test method, the result was 7.5. Where through the Wilcoxon signed rank test table
from N = 20, and a = 0.05, the critical value was 52. Where it can be concluded that if 7.5 <
52, there is a significant difference between before and after using this simulation in
knowledge about earthquake disaster mitigation in high-rise buildings.

Table 3. SUS questionnaire summary results

Respondent

Questionnaire Results (on a Likert scale)

Result

1

4 | 5

3 | 3

4

4

3

40

87,5

90

92,5

90

92,5

87,5

N0 IW|IN

oo~ jOOB~IN

RN NP R
Alo|a|s|lo|n|o

RPN R RN
gl |{a|o
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NN R Rk RN
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Respondent Questionnaire Results (on a Likert scale) Result
9 5|11 ]5]1|5]2]5]2]4 1 92,5
10 511142 |5]1]4]1]5 1 92,5
11 4 1 5 1 5 2 4 1 4 2 87,5
12 511142 |5]1]4]1]5 1 92,5
13 5 2 5 1 4 2 4 1 5 2 87,5
14 511 ]4]1|5]1]5]1]4 1 95
15 5124 1|5 |1 |4|1]5]2 90
16 512|514 |1 |5 |2]|5]2 90
17 51141 |5 ]2]|5]2]4 1 90
18 5 2 4 1 5 2 5 2 4 1 87,5
19 5|12 |52 |5]1]4]2]|5 1 90
20 5 2 4 1 5 2 4 1 5 2 87,5
Total Results 78,875
Description:

Score 0-50: Very low usability indication. Users may experience many difficulties.

Score 50-70: Moderate usability. There may be some problems, but the system can be used
with adjustments.

Score 70-85: The system is quite good in terms of usability. Users generally feel comfortable
using the system.

Score 85-100: Very good usability. Users feel very comfortable and efficient in using the
system.

From the recapitulation of the SUS questionnaire calculation, the result was 78.875. Which
means that this simulation is quite good in terms of usability. Users generally feel comfortable
using this simulation.

In this investigation, information is presented on the pre-test and post-test which was analyzed
using the Wilcoxon signed rank test method with a value of 7.5 According to these finding,
user knowledge before and after the use of the simulation is significantly different. The device
employed in this study was the Oculus Quest 2 which enables realistic interaction with a
simulated environment developed using Unity software. The SUS scale resulted to 78.875 and
this falls at decidedly firmly area, which indicate that users feel at ease using the system.
Hence, this study builds and corroborates earlier research that has been conducted relative to
disaster prevention employing the use of VR technology. For instance, another study by
Ahmadi et al. (2024) that employed the implementation of VR based interactive media for
earthquake disaster actions in virtual environment yielded conclusions that also confirm the
ability of VR in enhancing disaster preparedness. The findings reveal enhancement in the
level of knowledge of the European users on self-rescue procedures when there is an
earthquake.

Furthermore, Edity (2022) whom conducted studies in 2022, on the development of flood
disaster prevention simulations integrated with VR technology, has also provided evidence
for this study. Editya (2022) proves that by using VR users are able to get a more effective
learning experience so they will understand better the different disasters. The four studies that
are most related to the study being discussed are two studies which used VR because VR can
offer direct experience to the people which in return enhances their interaction and knowledge
of disaster risks (Wachinger et al., 2013).
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Glauberman & Glauberman (2018) studied disaster preparedness also in high-rise buildings
but the paper addressed the simulation of fire emergency for which this study is related to the
study by Fajriati et al. (2021) who conduct the development of a firefighting simulation at the
Faculty of Applied Sciences using the VR application. Fajriati et al. (2021) also discovered
that by using facsimile manner simulations based on virtual reality, he/she was able to attain
more realistic situational training, which is very significant in emergency situation where
there is need for fast action.

Previous research emphasises vast possibilities of VR application in education and training
particularly in the field of disaster management. The focusing of disaster management in VR
simulations makes it easier for the user to practice in the area as it is hard to achieve through
conventional practice. Applying VR technology also allows the necessary flexibility when it
comes to constructing a variety of cases for training and the development of advanced
scenarios, which can be used for individual training exercises.

This research offers a new insight in the area of disaster prevention system being implemented
to high rise buildings mainly in Indonesia since the country belongs to the Pacific Ring of
Fire and is regularly hit by earthquakes. Using of VR based simulations in high rising
buildings is very relevant because there is a higher probability of building collapse and the
evacuation process is more complicated. Thus, this simulation can be a chance to exercise
through actual and interactive earthquake scenarios and find out actual ways and actions when
an earthquake occurs.

It is also something practical in this study, because the Oculus Quest 2 does not require other
equipment such as a computer or console, which can be conveniently used in different
environments. The outcome in the form of a 33% enhancement in user’s knowledge after
using this simulation and fairly good SUS scores suggest that this simulation deserves wider
adoption as part of disaster prevention training in high-rise facilities.

Conclusion

Based on the objectives of the study and the results and discussions obtained, it was concluded
that based on the research conducted, the results of the pre-post test processed using the
Wilcoxon signed rank test method obtained a result of 7.5 where 7.5 < 52 (critical value)
concluded that this simulation provides significant changes in knowledge of earthquake
disaster mitigation in high-rise buildings. And from the SUS (System Usability Scale)
Questionnaire, a score of 78.875 was obtained which is included in the 70-85 category which
means that this system is quite good in terms of usability. Users generally feel comfortable
using the system. Suggestions for future research using the oculus quest 2 device and the latest
technology, can simulate other disaster topics besides earthquakes.
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