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could occur at any time without expecting it. In relation to that, there are several types
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of emergency landings including force landing, precaution landing, and ditching.
Ditching is a forced or precautionary landing on water, which rarely happens, especially
in Malaysia. As frequent travellers discover repeated pre-flight safety briefings to be
uninteresting and exhausting, a large portion of travellers stay inattentive during such
briefings. Additionally, emergency situations can be a difficult condition to be imagined
especially by any individual who has not experience it. Therefore, Virtual Reality (VR),
a computer-generated environment, can be utilised to simulate a real-world
environment. By using VR, we can exterminate the potential risks to the participants
during training or real situations. Hence, this present study aimed to assess the usability
of a semi-immersive VR simulation for flight emergency water landing, as well as to
educate and raise awareness among fliers, particularly adult flight passengers, on how
to handle the evacuation process in the event of a flight emergency water landing. We
developed a semi-immersive 3D environment on flight emergency water landing
simulation. The apps' usability was tested using System Usability Scale (SUS). The
results and conclusions point to a positive outcome where 76.6% of the respondents
agreed that this app is usable for emergency water landing simulation situations.
Keywords: However, this study uncovered key findings for future researchers to address; i)

researchers should consider the technical aspects when using the semi-immersive VR,
Virtual reality; Virtual simulation; Flight  and ii) researchers should provide preventive measures to avoid or reduce the after
emergency simulation; Usability testing  effects of using additional VR devices.

1. Introduction

Flight safety courses are crucial for pilots, cabin crews, and passengers. As part of the
responsibilities of cabin crews, they must thoroughly understand flight safety before briefing
passengers in order to prepare them especially in responding promptly to emergency situations,
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increasing survival rates after aircraft accidents, and improving passengers’ understanding of safety
equipment and emergency procedures [1]. Additionally, cabin crews typically provide a pre-flight
safety briefing before the flight departs, and every flight would include a safety card. However, for
some frequent fliers, repeated briefings are uninteresting and boring [2]. To address this issue, some
airlines have improved their safety briefings by using videos.

Flight emergency water landing, where the flight needs to do an emergency landing on water,
rarely happens in Malaysia even though this situation is possible to happen at any time without us
expecting it. The survival rate statistics in ditching (a forced or precautionary landing on water)
situation is higher (Commercial-Air-Transport-Issue-2-Amendment-1, 2019). However, it requires the
inevitable condition of a good available spot for ditching.

Sharma [3] state that simulation allows individuals to gain information in a virtual situation that
can be connected to real situations, including emergency water landing. Therefore, the use of Virtual
Reality (VR), a computer innovation to create a simulated environment, may assist users to immerse
and be ready to associate with the 3D world where the exact environmental sounds and spatial
qualities are necessary to create an immersive virtual reality experience. Thus, this study aimed to
evaluate the usability of a semi-immersive VR simulation for flight emergency water landings, as well
as toinform and raise awareness among travellers, especially adult passengers, about how to manage
the evacuation procedure in the event of an emergency water landing. In this study, users were
trained on the evacuation steps during a flight emergency water landing through VR so that they
would be aware if an emergency water landing happens in real life. In accomplishing this, the
project’s 3D modelling of the flight environment was developed to provide users with a similar
experience during flight emergencies. The issue that has to be addressed in this study is the lack of
emergency visualisation, particularly when passengers are being forced to land on water on a flight.

2. Literature Review
2.1 Virtual Reality

The human’s ability to grasp information is greatly aided by visualisation by providing them with
a real situation. In relation to that, VR is a setting with a three-dimensional vision that can replicate
the real world for the user. The advantages of adopting VR in daily life include its ability to mimic
difficult-to-simulate events like flight simulation, volcanic eruptions, medical procedures, and others
[4]. According to Buttussi and Chittaro [5] in terms of information acquisition, retention, and
participant confidence, VR is found to be more beneficial compared to other approaches. Besides,
VR has also been implemented in wide area of flight learning and gives better learning advantages
than traditional simulations [6]. In addition, VR could be more prevalent than smartphones.
According to previous research, certain applications have been created to raise awareness of airline
safety, such as:

i. optimARes application (OptimARes: Augmented Reality Seat Viewer for IPad2, 2011)
ii.  Air Safety World (Buttussi & Chittaro)
iii.  the Malaysia Airlines Safety Briefing Video (https://i.ytimg.com)

But not all these applications concentrate specifically on the water landing process. According to
research by Nilsson [7] although there are improvements to be made, the employment of VR for
cargo delivery missions in support of future lunar land operations has had a favourable impact.
Meanwhile, the use of virtual reality may decrease training costs instead of using an actual
environment for doing drilling sessions [8].

179



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 46, Issue 2 (2025) 178-187

2.2 Emergency Simulation

Although real-world scenarios can be used to teach emergency procedures, the pandemic era
where social distance, financial constraints, and time constraints are seen to be the concerns that
hinder any forms of physical meetings and gatherings. Therefore, as preparing individuals for
upcoming catastrophic natural catastrophes through simulation exercises is a crucial problem [9]
technologies such as simulation exercises built on visualisation technology may appear to be a more
convenient, appealing, and safer alternative during the pandemic in order to expose individuals with
emergency procedures. Additionally, a study by Shigunov and Soding [10] found that simulation can
be used to count the time for the landing process in an emergency, including time for sinking and
flooding. However, their study did not cover the simulation on passenger safety as the finest
simulation for an unforeseen circumstance can be created using VR which can replicate both
dangerous and safe environments. Azlan [11] in his research states there are lots of technologies
used for spreading awareness, enhancing the learning experience, and fostering user engagement
about the disaster, including mobile applications, web-based and gamification [12].

Additionally, VR simulations may play a crucial role in the current educational system [13].
According to [14] even though VR simulations might not be as effective as the conventional
techniques, it can somehow effectively increase societal emergency preparedness and be employed
as one of the strategies for effectively imparting knowledge. Meanwhile, a study by Deng [15] found
that simulation of flight evacuation is effective in preparing passengers for an emergency; however,
it only focuses on the evacuation process, excluding water landing. There are several types of
emergency landings including forced landing which is related to immediate landing caused by engine
failure. Another type of landing is precautionary landing, which is determined by a deliberate landing
caused by weather, loss, fuel shortage, or gradually engine trouble. Meanwhile, ditching landing is a
forced or an emergency landing causes precautionary landing on water, and belly landing with the
gear in the “up” position. According to Aviation Services, this is usually caused by equipment
malfunction (the gear cannot be extended or cannot reach the locked position) and finally crash
landing where the aircraft receives significant structural damage. This present study was carried out
to evaluate the usability of learning through virtual simulation for flight emergency water landing.
Figure 1 shows the ditching landing made by US Airways flight 1549 after an emergency landing on
the Hudson River [16].

Fig. 1. Ditching landing byAUS Airwa&s Flight
2.3 Usability
Usability is the degree to which committed users can use a product to achieve certain goals
effectively, efficiently, and satisfactorily in a predetermined usage context [17]. Inherently, VR

applications require human-computer interaction, which requires system and usability evaluation
[18].
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In the present study, after the project development was completed, the evaluation of the product
was carried out via usability testing using the System Usability Scale (SUS). The statements in the SUS
guestionnaire are commonly matched to the previously mentioned perceptual and ergonomic issues
[19]. It is designed to assess websites, mobile devices, and hardware. According to [20]
the usability is categorized into seven categories using an adjective rating scale

i.  worstimaginable: SUS-score 0—-12.5
i. awful: SUS-score 12.6 —20.3

iii.  poor: SUS-score 20.4 —35.7

iv.  ok:SUS-score 35.8-50.9
v.  good: SUS-score 51.0-71.4

vi.  excellent: SUS-score 71.5 - 85.5

vii.  best imaginable: SUS-score 85.6 — 100.

SUS must be used to measure the usability of the application. Additionally, a minimum of 20
people must participate in the test to produce a better result [21]. According to Kamal Othman [22]
SUS is a brief questionnaire of 10 items with a five-point Likert scale, spanning from strongly disagree
to strongly agree, containing alternately positive and negative words to prevent answer biases.
Besides, SUS has its formula to be used to calculate all the answers by the tester. In doing so, several
steps need to be followed to get the most accurate result. Firstly, all the answers need to be
converted into numbers. The standard version of SUS has 10 items, each with five steps anchored
with "Strongly Disagree" and "Strongly Agree." Besides, it is a mixed-tone questionnaire in which the
odd-numbered items have a positive tone, and the even-numbered items have a negative tone [21].
For example, the strongly agree will be converted into 5, agree to 4, moderate will be converted into
3, disagree will be converted to 2 and strongly disagree will be converted into 1. Table 1 shows the
grading scale for the SUS results.

Table 1
Curved Grading Scale for the SUS
Results [21]

Grade SUS Percentile Range
A+ 84.1-100 96-100
A 80.8-84.0 90-95
A- 78.9-80.7 85-89
B+ 77.2-78.8 80-84
B 74.1-77.1 70-79
B- 72.6-74.0 65-69
C+ 71.1-725 60-64
C 65.0-71.0 41-59
C- 62.7-64.9 35-40

51.7-62.6 15-34
F 0-51.6 0-14

3. Material and Methods
3.1 Participants

A total of 30 respondents voluntarily participated in this study where there were 11 male

respondents and 19 female respondents. No monetary compensation or incentive was given to drive
participation.
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3.2 Procedures

The respondents were briefed on the assessment procedures, and a demo was conducted
beforehand to avoid misunderstanding and confusion since more than half of the respondents had
no experience in using any VR technology. A laptop and a VR headset were provided for the
simulation purpose. There is no time limit for each player to finish the simulation. The SUS
guestionnaire on Google Form was answered by the respondents immediately after the testing
session. The questions were presented in English. Figure 2 shows the testing of the application by a
user while Table 2 shows relevant screenshots taken from the application.

Fig. 2. Application testing

Table 2
Screenshots of the application
Screenshot Description

FLIGHT EMERGENCY WATER LANDING The design of the main menu for this project

Emergency evacuation part |

Instruction to the passenger
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Emergency evacuation part Il

Controller used to control the application

3.3 Instruments

The SUS questionnaire consisted of 10 items, in which each item was rated on a five-point Likert
scale ranging from strongly disagree to strongly agree.

3.4 Developments

This project used the Unity engine to build a high-quality of 3D mobile application that is suitable
and capable to build 3D and 2D environments, which is the requirement for this project. The
application's functionality was coded in MonoDevelop software, which is a built-in software linked
with Unity using C# programming language.

4. Results and Discussions
4.1 Demographic Summary

A total of 30 respondents voluntarily participated in this evaluation; most of them were female
(N=19, 63.3%). 15 of the respondents (50.0%) were between 18 - 25 years old while nearly half (N=12,
40.0%) of the respondents had experience in using VR, followed by one-third (N=10, 33.3%) of the
respondents claimed they have no knowledge about VR. The respondents’ demographics are
presented in Table 3.
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Table 3
Demographic characteristics of
the respondents Frequency (N =

30)
Gender
Male 11 (36.7%)
Female 19 (63.3%)
Age
Below 18 years 3(10.0%)
18-25 years 15 (50.0%)
26-40 years 10 (33.3%)
Above 40 years 2 (6.70%)
Knowledge on VR
Yes 12 (40.0%)
No 10 (33.3%)
Maybe 8 (26.7%)
Experience using VR
Yes 12 (40.0%)
No 18 (60.0%)

4.2 System Usability Scale

The SUS evaluation tested whether the application meets user’s requirements and satisfaction.
Generally, all respondents responded positively regarding the ease of use (see questions 3 and 7).
The respondents claimed that they had confidence in using the application. These results concluded
that the VR technology was acceptable and could be used for simulation purposes. However, there
are different opinions from the respondents with regard to the application’s complexity. More than
one-fifth (N=7, 23.3%) of the respondents found this app to be complex, and 3 of them (10.0%) were
unsure. We assumed that some of the respondents were confused when using the system since we
used some external devices, and they needed some time to adapt to these devices. This is aligned
with [23] who conducted a usability study for emergency simulation training. From their study, they
found that some users had problems using the app, cause of the VR headset. In our study, several
respondents agreed that there were inconsistencies in this simulation. This was, nevertheless, an
expected result since most of the respondents had no experience in using VR.

Additionally, we believe that the VR headsets are the main reason and this is supported by [24]
who stated that a Head Mounted Display (HMD) is heavy thus leading to headache and nausea.
Additionally, we discovered two key findings in this study:

i.  anumber of participants (N=13, 43.26%) felt that there is a need for technical support to
use this app

ii.  one-third of the participants (N=10, 33.3%) felt that there is a need to learn a lot before
using this app. These findings are consistent with [25] who stated that first-time users
mostly expressed the need for technical support. The results of the SUS evaluation are
summarised in Table 4.
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Table 4
SUS Score
Survey ltems Frequency (N = 30)
Strongly Disagree  Neutral Agree Strongly
Disagree Agree
1. I think that | would like to use this system 0 0 1 3 26
frequently. (3.33%) (10.0%) (86.6%)
2. | found the system unnecessarily complex 6 1 3 4 16
(20.0%) (3.33%) (10.0%) (13.3%) (53.3%)
3. | thought the system was easy to use 0 0 0 6 24
(20.0%) (80.0%)
4. | think that | would need the support of a technical 2 11 11 4 2
person to be able to use this system (6.66%) (36.6%) (36.6%) (13.3%) (6.66%)
5. | found the various functions in this system were well 0 0 1 4 25
integrated (3.33%) (13.3%) (83.3%)
6. | thought there was too much inconsistency in this 18 6 2 3 1
system (60.0%) (20.0%) (6.66%) (10.0%) (3.33%)
7.1 would imagine that most people would learn to use 0 0 0 3 27
this system very quickly (10.0%) (90.0%)
8. | found the system very cumbersome to use 18 7 0 4 1
(26.7%) (23.3%) (13.3%) (3.33%)
9. | felt very confident using the system 0 0 0 4 26
(13.3%) (86.7%)
10. | needed to learn a lot of things before | could get 1 9 9 3 8
going with this system (3.33%) (30.0%) (30.0%) (10.0%) (26.7%)

To measure the usability of the application, there is a need to calculate the SUS score. Firstly, the
contributions score from each question was totalled up. For questions 1,3,5,7, and 9, the score
contribution is minus 1 while for questions 2,4,6,8, and 10, the score contribution is 5 minus the scale
position. Then, to obtain the overall value of SUS, the sum of the scores was multiplied by 2.5.

Table 5

SUS Score

Participant SUS Score Participant SUS Score
P1 87.5 P16 50.0
P2 42.5 P17 80.0
P3 67.5 P18 80.0
P4 77.5 P19 82.5
P5 75.0 P20 77.5
P6 67.5 P21 77.5
p7 90.0 P22 77.5
P8 92.5 P23 75.0
P9 90.0 P24 72.5
P10 95.0 P25 72.5
P11 95.0 P26 75.0
P12 85.0 P27 72.5
P13 82.5 P28 80.0
P14 57.5 P29 82.5
P15 50.0 P30 90.0

AVERAGE 76.7

There was a total of 30 participants (which were labelled as P1, P2, P3, and so forth) in Table 5.
The grading of the SUS key is 92 (best), 85 (excellent), 72 (good), 52 (fair), 38 (poor), and 25 (worst).
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As the Flight Emergency Water Landing Simulation through VR obtained a score of 76.7, it can be
concluded that it is a good application based on the evaluation made by the target audience.

5. Conclusion

In this study, we developed a VR 3D simulation to provide a better view in emergency situations
specifically during an emergency water landing, or ditching. A usability evaluation was conducted to
ensure this app is usable and meets the user requirements. The overall results showed positive
feedback from the respondents with 76.6% of the SUS score. According to the interpretation scheme
of Bangor et al., and van der Nat et al., this value corresponds to a good rating. From this study, we
also found that users accepted the VR technology. However, there were some issues highlighted
regarding VR usage. First, a VR headset, or HMD, is considered heavy and cumbersome. This factor
may lead to a negative user experience in using VR. Even though VR is not a new technology, many
people have never tried it. The main reason is the need for an additional external device such as a VR
headset. Due to this reason, many people agreed that they needed help and technical support to use
the app. While VR technology is exciting, engaging, and has the ability to enhance user experience,
future researchers should pay more attention to the technical aspects of VR, especially when an
external device is involved. Among the risks of using HMD for a long time are nausea and headache.
Furthermore, future researchers should also provide a simple and easy-to-understand user manual
to assist users when using VR, considering that most users have not yet experienced or familiarised
themselves with VR technology.
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