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Abstract. In recent years, the frequency and severity of children's fire accidents
have been high, due to the insufficient safety awareness and response ability of
children in fires. Previous research results have shown that many studies have
confirmed the effectiveness and reliability of applying virtual reality technology
to fire safety training. However, there is a lack of practical research on how
virtual reality technology can be applied to children's fire safety education.
Traditional children's fire safety education is only theoretical indoctrination and
has limitations. IVR models fires in a virtual world, enabling participants to gain
stronger risk perception and awareness, and also reducing the risk of skill training
for learners in hazardous situations. This article reveals for the first time the
benefits of introducing VR in primary schools. In an experiment targeting 60
children, we investigated practical aspects and teaching quality. Our research
results indicate that children's knowledge of fire safety has improved.
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1 Introduction

With the development and progress of society, society is also paying great attention to
the fire safety of primary school campuses. The reason for this is that primary school
students do not have strong behavioral abilities and do not know how to protect them-
selves when encountering accidents, which often leads to significant casualties and
has a significant negative impact, especially on the families involved [1]. Due to the
dense buildings, high concentration of flammable and explosive materials, high con-
centration of teachers and students, and poor safety awareness of the school, once a
fire occurs, it will be difficult to control, easily causing great damage to the school's
property, and even endangering the safety of teachers and students' lives.

In recent years, campus fire emergency rescue drills have received widespread at-
tention from governments and relevant departments at all levels, but this traditional
drill is costly and difficult to organize. VR devices can effectively solve this problem.
Users can interact with the virtual world in real-time through VR devices, experienc-
ing an immersive and immersive experience. Previous research results have shown
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that many studies have confirmed the effectiveness and reliability of applying virtual
reality technology to fire safety training.

This study investigated the beneficial role of VR in safety education for children
(aged 10 to 12). In order to teach children how to learn fire safety knowledge in a
virtual environment, we conducted several virtual fire drills. In our experiment, we
evaluated their impact on participants’ VR fire safety awareness. Finally, we
—examined whether several virtual fire safety education sessions were sufficient to
improve children's scores in fire safety education tests. In addition to these findings,
we also provide recommendations based on our experience and the reactions of chil-
dren in the experiment.

2 Related Work

VR technology can simulate all firefighting facilities on a computer, and it can also
simulate firefighting scenes. VR technology can provide learners with a relatively real
environment for teaching in fire safety education in universities. The application of
VR technology in fire safety education in universities has the following advantages:

Improve teaching efficiency. Applying VR technology to fire safety education in
universities may not replace practical skill training in real environments, but it can
utilize the interactivity of VR technology to improve learning efficiency. In the actual
use process, in order to provide users with a more profound experience, users can
interact with the virtual environment through actions, language, and gestures [5].
Virtual reality (VR) technology provides learners with the opportunity to interact with
learning content and allow them to experience it directly [6]. Research has shown that
abstract cognition is rooted in bodily senses and experiences [7], and the association
between concrete things and abstract concepts established through bodily experience
can help improve the understanding of subject knowledge [8].

Improve learning motivation and interest. In virtual reality (VR) environments,
learners are unable to autonomously control the learning content and sequence, and
the situations and activities in the R environment have a sense of immersion, which
helps to generate diverse thinking and stimulate learning motivation [9].

Improve fire protection knowledge to reduce fire hazards. Colt VirtualReality, a
company based in the UK, has developed a fire evacuation system using animation
technology. This system can train firefighters in emergency response and dining area
measures in the event of a fire, and can be applied in multiple locations to take the
best rescue measures in different situations [10]. Children can improve their fire-
fighting knowledge through virtual reality firefighting games, thereby reducing the
harm caused by fires to children [11].

As a new form of fire safety education, applying VR technology to fire safety edu-
cation in universities has unique advantages. However, the application of VR technol-
ogy still faces certain challenges. Firstly, there is a lack of natural interaction and
feedback. As VR is a brand new technology, many users have not had the correct
understanding of it before. Therefore, in terms of interaction design for VR products,
good interaction should be designed to guide users to operate; In addition, there
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should also be appropriate tactile and visual feedback in product design and develop-
ment to remind users to operate, improve user engagement, and attract their attention;
Secondly, in terms of the integration of VR technology and educational theory, the
design and development of related VR education products have not integrated deeper
educational and teaching theories. The quality of the teaching content or methods it
contains entirely depends on the company's design and development personnel's un-
derstanding and mastery of educational and teaching content, which leads to some VR
education products not having true educational and teaching value. Therefore, in the
design and development process of related VR products, there should be a deep level
of educational and teaching theory to guide, and at the same time, it is necessary to
follow its unique principles in this process. Only by designing and developing based
on these principles and theories can this type of product be more educational, interac-
tive, authentic, interesting, and scientific compared to other similar products.

3 Experiments

3.1 Objectives

Our research involves three main objectives. The first is to study how to best utilize
VR to teach students about children's fire safety education. To this end, we have de-
veloped some VR technology courseware learning to see if they are effective and how
children will —accept them. These courseware are based on the suggestions and needs
of children's fire safety education teachers. We investigate this goal through the fol-
lowing research questions:

Research question 1- Does VR technology courseware help improve children's
knowledge in fire safety education?

Assumption 1- We expect that targeted training exercises will improve children's
fire safety knowledge and escape skills.

The second goal of our research is to investigate the positive impact of virtual re-
ality on learning motivation. Due to the immersive experience of VR, students can
immerse themselves in a virtual three-dimensional environment, providing a realistic
feeling and visual experience. Students can interact with the virtual environment as if
they were in person, enhancing the experience of entertainment and education, which
should affect learning motivation. The purpose of verifying this hypothesis is to solve
the following research questions:

Research question 2- Can the use of VR technology enhance students' motivation
to learn fire safety.

Assumption 2- We anticipate that VR technology can enhance students' learning
motivation. Because the immersive experience of VR allows students to immerse
themselves in a virtual three-dimensional environment, providing a realistic feeling
and visual experience. Students can interact with the virtual environment as if they
were in person, enhancing their entertainment and educational experiences, thereby
enhancing their learning motivation.
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Our third goal is to study the positive impact of virtual reality technology on stu-
dents' practical and applied abilities in fire safety skills. The final research question is:

Research question 3- Can children learn to improve their practical and application
abilities in fire safety through VR technology courseware.

Assumption 3- Immersive virtual reality technology allows learners to conduct var-
ious fire safety response training in virtual environments, such as firefighting and
escape. We expect that learners can improve their practical application abilities and
skills through VR technology courseware learning.

In addition to these experimental research questions, we also explored multiple as-
pects of learning fire safety knowledge in virtual reality through exploration. This
includes observing children during escape testing using VR, engaging in interactive
conversations with them, and asking them to fill out questionnaires. Section 5 dis-
cusses the relevant findings.

3.2  Materials, Implementation, and Theme

Hardware This study selected the Oculus Rift virtual device developed by Oculus
company. The reliability of the Oculus Rift virtual device has been confirmed in pre-
vious studies and is one of the mainstream devices providing immersive virtual envi-
ronments. The device consists of three parts: a Headworn Display (HMD), a spatial
sensor, and an interactive control handle. The HMD displays a virtual scene for the
user, which is composed of an internal sensor and an external infrared camera. By
displaying different images in the left and right eyes of the person, the two images do
not completely overlap, similar to the extra area seen by the left eye and the extra area
seen by the right eye in real life; The spatial sensor is a specialized infrared camera
similar to a microphone shape, fixed on the desktop and tilted towards the HMD,
which can track the position within a limited area; The control handle utilizes differ-
ent functions of sensors and control panels to enable participants to interact with the
environment and objects in virtual reality 3D space by moving in the real world.

System Design The GUI system in Unity 3D used in this study provides a powerful
visual editor that allows users to quickly and intuitively create user interfaces (GUIs).
This article takes the login interface as an example to illustrate the method of creating
an interface. The login interface of this system mainly consists of four parts: interface
background, user login interface, and the main program interface after login. The
main interface of the system (see Figurel). The main interface of the system mainly
includes three modules: fire safety knowledge, fire safety VR experience, and fire
Q&A. The scene design includes five scenes: classroom scene, corridor scene, bath-
room scene, elevator scene, and corridor scene (see Figure 2).
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Fig.1. System main interface.

Fig. 2. Classroom scene.

Subjects. Sixty primary school students, including fourth grade students, were divid-
ed into two classes as participants. Class A provided explanations on traditional theo-
retical fire education knowledge, while Class B conducted fire knowledge learning
based on VR technology courseware.

3.3  Settings and Procedures

This evaluation invited a total of 60 fourth grade elementary school students as
participants, divided into two classes. Class A provided explanations on traditional
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theoretical fire education knowledge, while Class B conducted fire knowledge learn-
ing based on VR courseware.

Procedure

(@ Let two classes learn fire safety education separately for two months, with one
class per week and 45 minutes per class.

@ Class A provides explanations on traditional theoretical fire education
knowledge, while Class B conducts fire knowledge learning based on VR technology
courseware. After the course is completed, the university produces test papers to
evaluate the grades of the two classes, and then investigates their overall satisfaction,
user interface evaluation, interaction experience, etc.

Survey questionnaire
This article calculates the pre course grades of two classes (see Table 1).

Table 1: Comparison of pre course grades of two classes

Mark Class A Class B
18 (60%) 18 (60%)

60-80 10 (33%) 11 (37%)

80-100 2 (7%) 1 (3%)

60% of students with scores below 60 in Class A and 60% of students with scores
below 60 in Class B; 33% of students in Class A are from 60 to 80, while 37% are
from Class B; 7% of students in Class A are from 80 to 100, and 3% are from Class B
from 80 to 100. Through pre-course testing, it can be understood that the fire safety
knowledge levels of the two classes are basically similar.

This article calculates the grades of two classes after the end of the course (see Ta-
ble 2).

Table 2: Comparison of results of two classes

Mark Class A Class B
3 (10%) 0%

60-80 21 (70%) 18 (60%)

80-100 6 (20%) 12 (40%)

10% of students with a score below 60 in Class A, and 0% of students with a score
below 60 in Class B; 70% of students in Class A are from 60 to 80, and 60% are from
Class B; 20% of students in Class A are from 80 to 100, while 40% are from Class B.
Participants in Class B expressed a deeper understanding of the dangers and response
methods of fires through immersive experiences using virtual reality technology. At
the same time, the real-time feedback and evaluation functions in the conceptual
model are also considered to have a positive impact on learning.

This article calculates the escape time of the new virtual environment (see Table
3).
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Table 3: Comparison of escape time

Class A Class B
Over 20 minutes 12 (40%) 0%
10-20minutes 15 (50%) 15 (50%)
5-10 minutes 3 (10%) 15 (50%)

A survey was conducted on the overall satisfaction of students, with statistics rang-
ing from very satisfied, satisfied, average, and dissatisfied (see Table 4).

Table 4: Comparison of satisfactions between two classes

Satisfaction degree Class A Class B
Very satisfied 2 (6.7%) 15 (50%)
Satisfaction 5(16.7%) 12 (40%)
Normal 6 (20%) 3 (10%)
Dissatisfy 17 (56.6%) 0%

The proportion of students in Class A and Class B who are very satisfied is 6.7%
and 50%, respectively; The proportion of students in Class A and Class B who are
dissatisfied is 56.6% and 0%, respectively. Class B participants generally expressed
high satisfaction with the immersive virtual reality conceptual model of children's fire
safety education courseware, indicating that the conceptual model can meet user ex-
pectations overall.

4 Results

4.1 Research question 1

In order to answer the first research question, a mixed design setting of inter sub-
ject factor groups and inter subject factor time was used. There are two types of
groups: Class A provides explanations on traditional theoretical fire education
knowledge, and Class B provides groups for learning fire knowledge based on VR
technology. 20% of the students in Class A are from 80 to 100, while 40% of the stu-
dents in Class B are from 80 to 100. The students in Class B have achieved good
learning outcomes.

4.2  Research question 2

The proportion of students in Class A and Class B who are dissatisfied is 56.6%
and 0%, respectively. It can be seen that the children's fire safety education
courseware has received widespread recognition and high satisfaction from students.
Students' learning motivation and motivation have greatly improved. Immersive vir-
tual reality technology can create realistic fire scenes, allowing learners to experience
the danger and urgency of fires firsthand. This immersive experience can stimulate
learners' interest and motivation, enabling them to participate more actively in learn-
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ing. Compared to traditional educational methods, immersive virtual reality technolo-
gy can better attract learners' attention and improve their learning initiative.

4.3  Research question 3

Class A only managed to escape 10% of the time within 5-10 minutes, while Class
B managed to escape 50%. Class A, who only managed to escape after 20 minutes or
more, had 40% success, while Class B had stronger practical and practical abilities.

5 Discussion

5.1  Proposing research questions and assumptions

In our first hypothesis, we expect that through immersive experiential learning, children's
knowledge of fire safety will improve. According to the comparison between Class A and Class
B in Tables 1 and 2, it can be seen that the pre teaching test levels of the two classes are basical-
ly the same, but Class B who uses VR technology courseware after class has significantly better
learning outcomes than Class A.

In the second hypothesis, participants in B expressed that through the immersive
experience of virtual reality technology, they had a deeper understanding of the dan-
gers and response methods of fires, and the real-time feedback and evaluation func-
tions in the conceptual model were also considered to have a positive driving effect
on learning.

Our third research question verifies that through personal operation and participa-
tion, learners can improve their ability to apply fire safety knowledge and skills in
practice. We expect that learners can improve their practical application abilities and
skills through VR technology courseware learning.

5.2 Qualitative Results

This study is an exploratory study on fire safety education for primary school children
in virtual reality. In addition to the official results given in 5.1, our main purpose with
the school is to see if VR technology courseware can be used for children's fire safety
education.

Most of them are immersed in the experience and do not want to end it. Although
the course lasted 45 minutes, none of the participants considered the —~duration of the
course to be 'too long'. The satisfaction test after the course ended showed that the
class using VR technology courseware was not satisfied with 0%. This reflects the
growing potential of students' interest in using VR education.

6 Conclusion and Future Work

The motivation behind this work proposed in this article is to better understand the
potential benefits and obstacles that may arise when introducing virtual reality to
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elementary school students. Our experiment shows that students have better learning
outcomes when using VR technology courseware. Those who use VR technology
courseware for teaching progress more than those who do not use VR technology
courseware for teaching. However, the number of people sampled this time is not
large, only 60 people were selected from 2 classes. Therefore, more participants
should conduct further research.

The students expressed that they believe using VR technology courseware is very
helpful. Especially, they can immerse themselves in the scene of a fire, which is very
realistic and more intuitive than book education. When they encounter other new fire
scenes, they can also face them calmly.

But this study has laid an important foundation for future research in this field. Our
research findings point to opportunities, concerns, and interesting follow-up studies. It
is worth repeating this experiment with a larger sample size and more training cours-
es.
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