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Abstract—Fire is a fatal natural disaster which causes a high
damage in both natural and production environments. In order
to decrease the negative effects of fire to the environment, the
first success action to fire is a critical issue. Hence, training of
the individuals who are responsible for fire-fighting plays a key
role to increase the success rate of the preventing fire events. For
this reason, this study aims to develop a fire fighting training
simulator, in which individuals can be trained in an operational
level against to A, B and F class fires. In this environment, they
have a chance to live the virtual A, B and F class fires in a very
similar environment to the real environment by using the real fire
tube. Therefore, it is aimed to increase the level of experience of
the individuals about the fire events without having actual risks.
To further understand the realism of the virtual environment, a
group of security personnel (N = 12) have tested the developed
system. For this evaluation, some of the questions from Presence
Questionnaire (PQ) were selected and asked to the participants in
order to figure out how much they have immersed in the virtual
environment. The findings of the tests show that the developed
virtual environment is evaluated as 70 percent similar to the
real fire environments. Therefore, according to the results of the
study, the virtual fire environment can be effectively used in the
training of security personnel for fire-fighting.

Index Terms—virtual worlds, training, visualization, computer
animation, strategical thinking

I. INTRODUCTION

Fire disaster is one of the most frequently occurred natural
disasters encountered by humanity [1]. Moreover, the case
number of this undesirable disaster also increases year by year
as the world population grows [2]. This increment endangers
individuals’ lives by emerging in many different areas such
as car accidents [3], construction areas [4], shipyards [5] and
industrial regions [6]. When the fire incidents occurred in
these areas are analyzed, it is observed that individuals have
lost their lives in most of the cases [7]. In order to prevent
such undesirable cases, governments allocate large amounts of
budgets to purchase effective equipment used in extinguishing
fire and to increase the number of people working in this
field [8]. In addition to the governments, firms also give a

large attention to this issue by organizing fire drills in several
times to raise the awareness of employees about the fire
accidents [9]. However, although both the governments and
firms aim to decrease the number of fire accidents and to
prevent this kind of events before they occur, the desired
results could not be achieved since individuals are getting more
flurried during the fire-fighting events so that they cannot make
correct decisions to prevent the fire [10].

Experience plays a very critical role to make correct de-
cisions under the stressful conditions [11]. One of the main
reason that makes people flurried during the fire-fighting
events may be the lack of experience [12]. Hence, individuals,
especially fireman candidates and the workers who work in in-
dustrial places, need to gain experience about the fire-fighting
incidents to make an effective first action. However, gaining
experience about the stressful conditions is a very challenging
task in real-life since there are lots of bad results at the end of
these events. At this point, Virtual Reality (VR) technology can
be considered as a beneficial solution that provides a virtual
environment, in which people can face the real problems in a
very similar environment to real environment [13]. Therefore,
individuals have a chance to gain experience without taking the
real-life risks. Due to this property of VR, this study aims to
develop a fire fighting training simulator, in which individuals
can be trained in an operational level against to A, B and F
class fires. In order to achieve the indicated aim, this research
tries to answer the below research questions:

RQ 1: Can this simulator provide a real fire-fighting
environment?
RQ 2: Does using real fire tube increase the realism of
the environment?

The overall structure of the study is formed as follows:
Section 2 shows the literature review of the study. In Section
3, the research methodology and the design of the virtual envi-



ronment are explained. Then, Section 4 presents the conducted
experiments and the results obtained from these experiments
in detail. Finally, the last section illustrates the conclusions
and future works of the study.

II. BACKGROUND AND RELATED WORKS

VR is a beneficial technology to increase both the level of
knowledge and experience of the individuals in the specific
domains [14]. It can accelerate the learning process of the
individuals who are working especially in life-threatening jobs
such as soldier [15], pilot [16] and fire-fighter [17] since it
enables workers to gain experience about real-life events in
a similar environment to the real environment without having
actual risks. As a result of this accelerated learning period, the
number of undesired events, such as death, can be decreased.

Due to positive effects of the VR in training, there are lots of
VR applications in the literature to increase the abilities of the
individuals in different domains. In the first study, Didehbani
et al. [18] developed a VR environment to increase the social
abilities of the children with Autism Spectrum Disorders. 30
children between the ages 7-16 diagnosed with Autism Spec-
trum Disorders were selected to validate whether the system
is useful for them. During 5 weeks, they have completed some
social activities such as creating a friendship, getting lunch,
doing some sports with other children and etc. in the VR
environment. As a result of this study, it can be observed
that such VR environments are beneficial for the children
diagnosed with Autism Spectrum Disorders. In the other study,
Hashimoto et al. [19] completed a study to prepare residents
for the Fundamentals of Endoscopic Surgery examination by
developing a VR environment. This environment contains six
modules which reflect the each part of the exam. In order to
figure out the efficiency of the system, 28 endoscopists have
participated to the study. The results indicate that developed
VR environment increases both the level of knowledge and
skills of the endoscopists. Another study completed by Gulec
et al. [20] has a VR environment to train the soccer referees
in a similar place to real stadium. This system has soccer
match scenarios, which consist of some important positions
that the referees have to make decisions, in a virtual stadium.
According to the results obtained this study, VR technology
can be used to increase the abilities of the soccer referees
about the rules of the soccer game.

As it can be seen from the above studies, there are a lot
of different VR applications in different domains. When VR
applications developed for fire fighting are examined, there
also are many different studies developed for this field in
the literature. An example study in this field completed by
Tao et al. [21] contains a VR environment to increase the
level of the crew fire-fighting training. In order to increase
the reality of the environment 3D models of fixed water fire
extinguishment system, fixed carbon dioxide extinguishment
system, and fire-fighting garment model were placed in the
environment. The user tests have been completed with the
experts and the results obtained from these tests indicate that
VR technology is a beneficial tool to improve the abilities of

crew about fire fighting. In another study, Clifford et al. [22]
used the VR technology to develop a training environment
for wildfire fire-fighting since the environmental conditions
prevent the efficient training in real life. The aim is to increase
crucial skills of the fire-fighters by using different display
types. The developed platform has tested with 36 participants.
According to the results, the VR technology can be beneficial
in the training of fire-fighters. The other study completed by
Zhang et al. [23] has a VR environment which tries to increase
the level of knowledge of students about fire safety. Due to
the properties of the designed environment, students have a
chance to convert the theoretical information about fire safety
to the practice. In order to figure out whether the system is
useful, it was tested with 60 students. The results illustrate
that the system provides a useful training environment for
students. In the other study, Moreno et al. [24] developed a
VR application to show the fire spread in both forest and urban
environments by applying different algorithms. The aim is to
teach participants how they can prevent spreading of the fire
in a realistic environment by applying correct technique. As
a result of this study, it was found that a realistic fire spread
can be obtained by using VR technology.

III. DESIGN AND IMPLEMENTATION

Virtual fire-fighting environment is designed for security
personnel to receive operational level training against class A,
B and F fires in different scenarios such as kitchen, office
and electrical panel. In the system, security personnel are
responsible for completing fire-fighting tasks in the scenarios.
First of all, the security personnel needs to login to the
system in order to play fire-fighting scenarios. After entering
the system, a list of scenarios appears on the screen. The
security personnel should select one of the scenario in the
list in order to play a fire-fighting scenario. After selecting
a scenario, the security personnel starts the scenario at the
starting point and to complete the tasks in the fire-fighting
scenarios. Only one user can receive training at the same
time in each scenario. For use by security personnel, the
simulation room includes a computer, the HTC Vive Virtual
Reality system and a tracking device. The security personnel
should use one of the HTC Vive controller in order to walk
around the fire-fighting environment. In addition, the security
personnel can also interact with materials such as windows,
doors, fuse boxes, fire tubes before seeing and responding to
the fire by using the trigger on the back of the HTC Vive
controller.

In addition to the above properties of HTC Vive Virtual
Reality System, a 6 liter empty fire extinguisher is also inte-
grated in the system as shown in Figure 1 in order to increase
the sense of reality on the users in the fire extinguishing
scenarios created. In order to follow the fire extinguisher in
the application, a tracking device is placed on the latch. In
addition, one of the HTC Vive controller is mounted on the
hose end with a newly developed connection kit. When the
security personnel wants to use the fire tube to interfere with
the fire, s/he first takes the fire tube with the control handle



in her/his hand. After s/he handles the actual fire tube, s/he
starts to intervene in the fire using fire tube’s latch.

Fig. 1. User Tests

IV. TESTS AND EVALUATION

A group of security personnel (N = 12) was randomly
selected in order to evaluate the efficiency of the fire fighting
training simulator. The selected security personnel were from
Antalya, Turkey, with experience levels in security range
between 1 and 3 years.

A quantitative research methodology was proposed in order
to illustrate the effect of the developed system on the security
personnel. In order to complete the qualitative measures, some
of the related questions in Presence Questionnaire (PQ), which
is a valid measure in order to figure out how much the
participants were immersed in the virtual environment [25],
were selected as:

Q1: How realistic were the events you encountered in
the virtual environment compared to real life?
Q2: How realistic were your interactions with the virtual
environment?
Q3: How much did the visual aspects of the environment
involve you?
Q4: How much did the auditory aspects of the environ-
ment involve you?
Q5: How aware were you of events occurring in the real
world around you?
Q6: How realistic was the movement of objects in the
virtual environment?
Q7: How consistent was your experience in the virtual
environment with your actual experience?
Q8: How well could you move or manipulate objects in
the virtual environment?
Q9: How involved were you in the virtual environment
experience?
Q10: How much delay did you experience between your
actions and expected outcomes?

First of all, the participants have used the system in 3
different fire-fighting scenarios, which are a fire in kitchen, in
office and in electrical area. The total duration of the system
usage was between 30-40 minutes in average. After each VR
session, the above questions were asked to participants and
it was expected from them to give a score between 1 and 7
for each question. In this evaluation scale, 1 means that the
participant does not agree to the question in negative way and
7 means that the participant highly agrees to the question in
positive way (except the fifth and tenth questions since they
have opposite meanings).

When the results are normalized over 100 in order to obtain
the percentage success, there are 7 participants who satisfied
70 percent success and 2 participants who satisfied 80 percent
success as it can be seen in Figure 2. The total PQ scores of
the remaining 3 participants were 55.7, 62.9 and 64.3. The
general average of the total PQ scores of the participants is
70.1.

When the normalized results are analyzed as question-based,
all questions except the fourth and tenth questions have passed
70 percent success. The average in the fourth question is 44
and the average in the tenth question is 48.4.

Fig. 2. Total PQ Scores of the Participants

V. CONCLUSIONS

Fire is one of the most dangerous natural disasters which
causes a lot of cases with a high number of deaths. Such
undesirable events mostly occur in the production environ-
ments such as factories, electricity areas and etc. In these
environments, the first response to fire plays a critical role in
reducing the damages of fire. Hence, training of the security
personnel who are responsible to make the first response to
fire is an important issue to increase the number of successful
fire prevention cases. Although there are different ways to
train the security personnel for fire-fighting, most of these
techniques cannot provide the similar environment to the real
fire environment which is an essential factor that directly
affects the learning process of the individuals in a positive
way. Hence, this study aims to develop a fire fighting training



simulator, in which security personnel can increase their ex-
perience levels about fire-fighting without having actual risks
since experience plays a very critical role to make correct
decisions under the stressful conditions. In this simulator, the
security personnel have a chance to experience A, B and F
class fires in different fire scenarios by using the real fire
tube. In order to assess the developed environment, 12 security
personnel were randomly selected. They have used the system
almost an hour in different scenarios. Then, some questions
selected from PQ were asked them in order to measure their
presence levels in the environment. The results obtained from
the tests illustrate that the developed fire environment impress
the security personnel in 70 percent. Therefore, they have felt
themselves in the real fire environment in 70 percent.

Although the results obtained from the tests seem as
successful, the efficiency of the virtual environment can be
increased by improving the quality of the sounds used in the
environment which was indicated as a missing point from the
participants during the VR sessions. For the future work, high
quality sounds related with the fire will be firstly integrated
to the system. In addition, the background of the smoke
producer will be improved in order to affect the participants
more. In addition, some new achievements such as removing
flammable materials from the environment and putting a phone
in the environment which enables participant to call fire
department will be added to strengthen the game play of
the environment. After adding the new properties to virtual
fire-fighting environment, a comparison between HTC Vive
controller and real fire tube will be completed in order to figure
out the presence levels of the participants in two different
interaction techniques.
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