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ABSTRACT
Although virtual reality (VR) programs to provide firefighting train-
ing continue to be developed and adopted, our investigation with
15 firefighters indicates that a current VR training system tends to
convey behavioral tips and does not sufficiently reflect actual fire-
fighters’ needs and realities in the field. It often provides somewhat
simplified fire simulations and actually lowers the effectiveness
of the training. In this paper, we employ Human-Computer Inter-
action (HCI) methods to examine and identify core elements in
firefighting scenarios and develop a VR system that incorporates
such elements. We evaluate our systemwith respect to presence and
three design components of the VR simulation (i.e., reality, meaning,
play) through a user study with 22 participants. Our study results
demonstrate greater user experience and perception toward the four
elements in firefighting training with our VR system compared to
the existing one. We discuss design implications (e.g., move control,
degree of freedom, sight hindrance by smoke, unexpected events)
of our study that are expected to help implement and provide an
effective VR training system for firefighters.

CCS CONCEPTS
•Human-centered computing→User studies;Usability test-
ing; Empirical studies in HCI; • Computing methodologies
→ Virtual reality.
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1 INTRODUCTION
Virtual Reality (VR) technology simulates an artificial virtual en-
vironment to provide a sense of reality and immersion. It allows
users to indirectly experience various situations. Such technologies
are increasingly being utilized for training purposes to experience
and cope with various types of disasters, such as fire, earthquakes,
plane crashes, explosions, etc [Backlund et al. 2007; Bliss et al. 1997;
Cha et al. 2012; Chittaro et al. 2014; Li et al. 2017; Puel 2018; Quer-
rec et al. 2003; Tate et al. 1997; Wang et al. 2014]. VR training has
been considered as a suitable technology for simulating firefight-
ing in a fire environment where educators can vividly reproduce
the situation and provide an immersive experience to firefighters
without exposure to real risks [Kinateder et al. 2014]. Through VR
training, firefighters can be repeatedly exposed to either frequent
or infrequent types of fire situations, which provide additional
opportunities to learn how to respond to such fires.

User experience plays an important role in the use and adoption
of VR programs. According to Perkins Coie’s survey [2018], the
main cause of low adoption in most VR systems was a poor user
experience. Motivated by this and in order to determine the user
experience of firefighters utilizing current VR firefighting training
systems, we conducted a survey and interviews with 15 current
firefighters who had experienced VR firefighting training. Inter-
estingly, many firefighters (12 out of 15) responded that the fire
environment in the existing VR firefighting training was different
from the actual fire situation, and this difference caused awkward-
ness and low engagement in the training, making itself ineffective.
After determining the problems in current systems, we decided to
find ways to enhance the user experience and engagement in VR
firefighting training. Next, we built a VR system by applying such
factors.

https://doi.org/10.1145/3359996.3364268
https://doi.org/10.1145/3359996.3364268


VRST ’19, November 12–15, 2019, Parramatta, NSW, Australia Seung-Gon Jeon, Jaeho Han, Yonggeol Jo, and Kyungsik Han

In this paper, we identified key factors, with respect to situation,
user psychology, and behavior, for the development of realistic fire-
fighting training through continuous interactions with firefighters
based on the HCI methodology, including iterative user-centered
design and affinity diagrams. We evaluated the extent that the VR
firefighting training system increases the user experience through
both quantitative and qualitative approaches. More specifically, we
(1) investigated and categorized elements to enhance the user expe-
rience in firefighter training through surveys and interviews, (2)
developed an actual VR firefighting training system, and (3) con-
ducted a user study with 22 participants to measure four salient
components – presence, reality, meaning, and play – of user experi-
ence in VR by comparing our developed VR firefighting training
system with a current system used in a fire training department.
Through this analysis and comparison, we demonstrate the effec-
tiveness and high availability of VR training with our system, which
was developed after careful consideration of users and the environ-
ment.

The contributions of our study are as follows:

• We identify key elements that need to be considered and
applied to the design of a firefighter VR training system to
create simulations equivalent to real firefighting situations.

• We empirically demonstrate that our VR system supports
greater presence, reality, meaning, and play than a current
system, highlighting the importance of a human-centered
design approach to produce effective training and potentially
increase system adoption.

2 RELATEDWORK
2.1 Presence in VR environment
Although the definition of presence varies, according to Schuemie
et al. [2001], many of the theories mention “being there” during
the VE experience. Presence is a state of consciousness that may
be concomitant with immersion, and is related to a sense of being
in place [Slater and Wilbur 1997]. Steuer [1992] presented that the
core of the virtual environment is not in technical hardware, but in
the user experience of presence, which is emphasizing that presence
is an important key in measuring utility of the virtual environment.

Many studies have presented methods to improve presence in
VR. For example, Cummings and Bailenson [2016] summarized
decades of empirical research and studied how immersion tech-
nologically affects presence by taking into account 115 different
effects obtained from 83 studies. Baños et al. [2004] showed that
immersion and influential content had an impact on presence. In
the case of Riva et al. [2007], three virtual parks – Anxiety, Neutral,
and Rest Parks – were exposed to people to study the relation of
their feelings and presences. Mania and Chalmers [2000] found a
link between task ability and presence to acquire knowledge by
changing the environment such as to reflect an actual classroom, a
virtual classroom, and an auditory-only classroom.

Similar to those research efforts, we investigatedways to increase
presence in the development of a VR system within the context of
firefighting training, aiming to demonstrate the effectiveness of our
VR program by measuring presence through user evaluations.

2.2 Three design components of the VR
simulation

For effective and immersive firefighting training, it is crucial to
reflect serious situations in a fire disaster environment. To create a
VR environment with these characteristics, Hartevele [2011] em-
phasized that the three factors of Triadic Game Design (TGD) are
needed to be considered: “Reality,” “Meaning,” and “Play.” These
three paradigms are not independent, affecting each other, and they
need to be balanced appropriately. There are several disaster sim-
ulation studies that had employed TGD. For example, Rüppel and
Schatz [2011] created a simulation prototype for safe evacuation
and suppression in a fire situation. Wang et al. [2014] modeled the
continuous changes in a fire building and constructed a virtual en-
vironment to make a fire disaster training system. In the following
sections, we explain the three components of the TGD.

2.2.1 Reality. It refers to the relation with the real world. If it is
about games with a serious purpose, this connection should even
be tighter, because in the end the real world needs to be affected by
the game. In other words, when a user is in the real-world situation,
the user can refer to the VR experience that they had before to
understand his/her current situation faster and correctly. To achieve
this, the similarity between the virtual and the real worlds needs
to be as high as possible. In addition to the psychological aspects
of the fire situation, methods to enhance realism during training
should be considered in physical aspects. Shaw et al. [2019] used
heat generators and burning odors around VR users to increase
the vividness of fire, which increased the participants’ anxiety
and embarrassment when they were exposed to heat and smell.
Similarly, Xu et al. [2014] analyzed the characteristics of smoke and
considered how to visualize them in a virtual environment. In this
work, we also applied a smell factor to our VR system use, making
fire situations more realistic.

2.2.2 Meaning. It refers to the creation of value in the real world,
which is related to disciplines, such as the learning sciences, psy-
chology, and semiotics. Game-based learning has been proposed
as an approach to encouraging positive affect, engagement and
motivation in learning activities by utilizing game-like features and
environments, which also have been applied in various education
programs [Sabourin and Lester 2013]. For example, considering
the advantage of VR that gives users a vivid experience indirectly,
we can think of a system that supports situation awareness learn-
ing [Chittaro et al. 2014; Sonnenwald et al. 2004]. When we consider
VR’s ability of providing new experience, we can make a system
that supports a technical instruction learning program [Gavish et al.
2015; Gosselin et al. 2010].

2.2.3 Play. It refers to the degree of interaction and engagement
needs from the players that immerse them into a fictive situation.
Engagement is defined as the process and product of users’ inter-
action that may be changed by the combination of user’s needs,
goals, emotions, actions, thoughts, or the format of visual presenta-
tion and computer interface [O’Brien and Toms 2010]. In addition,
we want to highlight the difference between “Fun” and “Play.” Ac-
cording to Eberle [2014], Fun is closely associated with Play, and
the reason why people Play is because it promises Fun. Fun is an
emotional adjective, which can be derived by not only engagement
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Figure 1: Research procedure. In Stage 1, we investigate firefighters’ experiences and needs in VR firefighting training, identify
core components of firefighting training, and develop VR a firefighting system. These three steps are conducted iteratively.
In Stage 2, we conduct a user study based on the VR system we built in Stage 1, and demonstrate greater user experience and
perception toward presence, reality, meaning, and play from our VR system compared to the current one used in training.

and involvement (as part of Play), but also by non-engaging enter-
tainments such as movies or books. Thus we focus on Play in this
work.

2.3 VR-based fire disaster simulation
To increase a firefighter’s ability to adapt to a real fire situation, we
designed a VR firefighting training system through their perspec-
tives. Bliss et al. [1997] confirmed that a good training outcome
was achieved when firefighters performed training using the build-
ing’s geographical information in VR and a blueprint. Backlund et
al. [2007] used Cave Automatic Virtual Environments (CAVE) to
produce 16 stages for the training level in terms of a firefighter’s
view to verify the usefulness of VR training. Wang et al. [2014]
modeled continuous changes in buildings with fire and made the
model into fire disaster drills using VR with TGD. Cha et al. [2012]
proposed a series of data conversion techniques and a real-time
processing framework to develop a fire training simulator based
on computational fluid dynamics that can reproduce smoke and
fire. As such, research on firefighting training using VR technology
is quite extensive, and it has proven that such technologies can
provide effective training.

Although much research has designed and presented VR systems
for fire simulations, firefighting drills, etc., our literature review
indicates that relatively little research has focused on identifying
and analyzing key factors as a way to improve the user experience
in firefighting training from a user point of view, and empirically
demonstrating whether such factors actually improve the user ex-
perience as measured through a set of specific factors (in this work:

presence, reality, meaning, and play) that are salient to the design
of the VR system.

2.4 Limitations and research opportunities
Many previous VR training systems have shown positive effects on
not only fire disaster training, but also for earthquake and plane
crashes situations [Backlund et al. 2007; Bliss et al. 1997; Cha et al.
2012; Chittaro et al. 2014; Li et al. 2017; Puel 2018; Querrec et al. 2003;
Tate et al. 1997; Wang et al. 2014]; however, many of the systems do
not appear to sufficiently reflect real situations, making users feel
awkward and less realistic. In addition, many training systems tend
to focus more on providing somewhat monotonous, continuous
instructions, which do not necessarily create tension. This could
result in users utilizing simple behaviors without true engagement.
Therefore, we intend to support VR firefighting training based on
the experience of actual firefighters by considering all the salient
factors including.

2.5 HCI methods in system design
In this work, we employ two HCI methods, user-centered design
(UCD) and affinity diagram.

UCD is an iterative design process in which system designers
focus on current or potential users and their needs in each phase of
the design process [Abras et al. 2004; Vredenburg et al. 2002]. UCD
calls for involving users throughout the design process via a variety
of research and design techniques to create highly usable and acces-
sible products. A system designed based on UCD improves the user
experience and achieves the goal of the system. When it comes to
the VR system for firefighting training, involving firefighters into
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the design of a VR system through an iterative design process will
be more likely to develop a system that gives the firefighters more
immersive experiences and thus will be providing more effective
firefighting training.

An affinity diagram is a technique that is used to externalize,
make sense of, and organize large amounts of unstructured data
into categories [Hanington and Martin 2012]. These categories tie
different concepts together with one underlying theme, clarify the
issues, and provide a structure for a systematic search for one or
more solutions. It has been widely accepted and used in HCI re-
search, offering salient insights and guidelines to system design.
We adopted this technique to categorize design elements and user
requirements that we obtained from the survey and interview data
with firefighters for the design of the VR firefighting training sys-
tem.

3 RESEARCH PROCEDURE
This study was largely composed of two stages: (1) VR firefighting
training design and development stage; and (2) VR firefighting
training evaluation stage through user study. Figure 1 illustrates
the overall research procedure.

In the first stage, as described earlier, we designed and devel-
oped the VR firefighting training system based on a UCD method.
To do this, 15 firefighters with VR experience were surveyed and
interviewed to identify and categorize elements to enhance the
user experience in firefighting training. Using affinity diagrams and
scenarios, we extracted the elements needed for high-presence VR
training. Finally, we developed a VR firefighting training system re-
flecting the factors extracted. We repeated this procedure (revising
the VR system based on firefighters’ feedback) three times.

In the second stage, we evaluated the VR program through a
user study measuring the degree of presence and three elements of
triadic game design (i.e., reality, meaning, and play) by comparing
our program with the one currently used in firefighting training. To
allow each subject to experience and compare both, the experiment
was conducted in a within-subjects study. We examine what factors
would be needed for high user experience through surveys and
interviews.

4 STUDY FIREFIGHTERS’ EXPERIENCE AND
NEEDS IN VR FIREFIGHTING TRAINING

To reflect and understand the experience and needs of firefighters,
we conducted surveys and interviews with a total of 15 currently
active firefighters (the average year of being a firefighter is around
17 years) with VR training experience. Figure 2 shows the results.

As a result, 62% (N=8) of the firefighters said they felt no sense
of immersion, and 54% (N=7) said they did not experience any
tension. Some of their responses included, “not like a real situation,”
“the movement is too unrealistic and it’s not like a real firefighter,”
etc. Table 1 shows a summary of these responses. Table 2 outlines
improvements to the current VR fire drill system, and the answers
are quite consistent with the results in Table 1, such as “experience
of dangerous situations” and “need to feel active just like in the real
world.” Through this process, we confirmed that the VR firefighting
training currently in use requires many improvements to enhance
the user experience.

Figure 2: Firefighters’ experience in VR training.

Table 1: Reasons of low presence and anxiety.

Presence (Immerse) Anxiety
Bad situation setting. Because I know I’m safe.
Hard movement control. No events happen to make me

tense.
Does not feel like a real fire sit-
uation.

Does not feel like a real fire sit-
uation.

VR does not matter. It only
seems like a radio communica-
tion and recording program.

Unrealistic movement (tele-
port).

No smoke, no exhaustion, etc. Bad graphic description.

Table 2: Improvement points in VR firefighting training.

Suggested improvement point Count
No dangerous events (e.g., backdraft, flashover). 5
Need to move after sitting down, like real firefighters. 4
No sight hindrance by smoke (Sight is clear). 4
Awkward rescuing. 4
Need training system for firefighters who charge in real
fire (first person view).

1

Need to decide by the player themselves. 1

We also conducted interviews to understand firefighting expe-
riences in more detail. The interviews consisted of the following
three phases and questions:

• What events happen frequently or unexpectedly in an ac-
tual fire situation? What kinds of actions do they take in
such events? Do they see any precautions that are necessary
before each event?

• What are the differences between training and real fire situ-
ations?

• What are the important factors that need to be applied to
the VR firefighting training?

We analyzed interview results together with the survey results,
summarized in the following section.
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Figure 3: Affinity diagram of fire situation elements.

5 IDENTIFY CORE COMPONENTS OF FIRE
DRILL CONTENTS

5.1 Affinity diagram
Based on the results of the surveys and interviews, we analyzed
and summarized fire site situations and firefighter requirements
for training. The analysis was conducted based on three categories:
“Situation,” “User’s Psychology,” and “Behavior.” Figure 3 is an affinity
diagram created with each of these three categories. In this subsec-
tion, we explain each of these categories and introduce examples.

5.1.1 Situation. It refers to the feature of the fire itself or the fea-
ture of the place where the fire is occurring. Examples include how
the fire grows and disappears, how much of the building itself has
burned down, and what is available to use around the fire.

The life cycle of a fire is largely divided into three stages: the
“growth period,” the “final period,” and the “decadence period.”
Around the “final period,” some unexpected events can happen,
although infrequent, they can be very dangerous. One of these
events is a “flashover,” which is caused by a temporary ignition of
combustible gas near the ceiling that creates a swirl of fire. Another
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(a) VE background (b) Starting point (c) Stair filled with smoke (d) Electrical short circuit

(e) Broken window (f) Putting out fire (g) Backdraft (h) Rescue

Figure 4: Development of theVRfirefighting training system. Each example refers to the item that is identified through affinity
diagramming.

event is a “backdraft” which is caused when a fire in an enclosed
space has utilized all the available oxygen, but is then suddenly
supplied with fresh oxygen when a door or window is opened,
making an abrupt explosion and fire growth.

Firefighters aim to operate systematically and efficiently by tak-
ing into account various situations, including the two abrupt phe-
nomena given as examples. In the surveys and interviews, many
firefighters mentioned that they need training programs to deal
with these types of dangerous phenomena. In addition, they empha-
size that it is much darker and more difficult to work in a basement
that is closed and narrow than other sites, so the training would be
more effective if presented in a basement condition.

5.1.2 User’s psychology. This refers to what the user perceives
sensitively and how s/he feels and thinks about it. A simple example
includes “I think I need to go back because the fire is blocking the
way forward.”

Although firefighters constantly train over a long period, in
actual fires they are always exposed to danger, not just to their own
bodies but also mentally. One firefighter shared a story about his
colleague’s experience of panicking during a backdraft, saying that
the actual experience of a backdraft has quite an impact, and his
colleague panicked. This experience does not happen often, but
the risks are significantly high that firefighters are always worried
about their lack of experience with infrequent events.

5.1.3 Behavior. This refers to a point of view to analyze the re-
sponse methods and mistakes of users before and after entering,
and evacuating a fire situation. An example includes a situation
where the head should be drawn in because of smoke. Many fire-
fighters said that they could only see about 30-40 centimeters in
front of themselves due to the thick smoke. In addition, because
smoke is lighter than ordinary air, the smoke stacks down from the
ceiling, and thus they can gain a clear line of sight by sitting on the
floor and moving in this low posture.

Figure 5: Blueprint of the whole scenario. (a)∼(h) indicate
the locations corresponding to (a)∼(h) in Figure 4.

5.2 Apply a realistic situation & scenario
To create a more realistic training environment, we made a sce-
nario based on the affinity diagram results (Figure 3). The scenario
subject was designated as a firefighter with one year of firefighting
experience who is likely to be affected by psychological pressure
due to his lack of experience in fire activities. The final scenario
depicted a fire situation in a basement.

To produce the VR firefighting training scenario, we adapted the
case of a fire disaster in a karaoke1 bar in 2012. The disaster left a
total of 9 people dead, many of whom died from suffocation, and 25
people injured. Figure 5 is a modeled drawing which is similar to
the layout of the building where the event occurred. We designed
the training to last for up to 15 minutes (firefighting oxygen supply
1A way of dining interactive entertainment or video game developed in Japan in which
an amateur singer sings along with recorded music (a music video) using a microphone.
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time and similar time availability). This also allowed us to prevent
dizziness that can occur due to continuous use of VR.

Whilemost featureswere implemented in our VR training system
as shown in Figure 3, some features were excluded because of the
high complexity of the firefighting operations (e.g., moving in two
people as a team, controlling the amount of water). The exclusions
are marked in red among the items in Figure 3.

6 DEVELOP VR FIREFIGHTING TRAINING
SYSTEM

To develop the whole VR firefighting training module, the buildings
and necessary equipment were modeled in 3D and the virtual envi-
ronment was implemented using Unity3D. As in the experiment by
Shaw et al. [2019], we added a burning odor to create high vividness
during the user study.

Figure 4 illustrates the process of playing the developed VR fire
environment in the order of the scenario. Figure 4 - (a) is the overall
background of the VR firefighting training module, with the time
set to midnight. From Figure 4 - (b) to (f) are the scenarios that users
experienced. The user starts from (b) and checks their oxygen bottle,
thermal burn camera, and fire hose and then (c) goes down the stairs
filled with smoke that blocks their sight. In (d), the user confronts
a spark from an electric short circuit that scatters dangerous fire
embers. When the user arrives at (e), the window suddenly breaks
because of the temperature difference between inside and outside
the room. The user confronts a large fire wall on their way at (f).
After opening a room door (g), the backdraft occurs, and the user
needs to go to another room and (h) rescues the fainted person, and
finally moves to escape.

7 USER STUDY
The goal of this study is to examine the effectiveness of our VR
program for firefighting training.

7.1 Participants
We conducted a user study in a university laboratory. We recruited
a total of 22 participants (female = 8) through leaflet and a univer-
sity’s bulletin board. The age of the participants is between 20 to
33 (Mean = 24.4, SD = 3.0). The participants were asked to write
down the frequency of the experience of the fire drills and VR. All
participants were invited to the university’s research lab to conduct
the experiment and were paid $10 worth of gift certificates. Our
study was approval by the Institutional Review Board (IRB), and
we obtained participants’ consent before starting the study.

7.2 Apparatus
The HTC VIVE PRO HMD and controller were used in the exper-
iment and the virtual environment was run on a Window 10 PC
with Intel Core i7 and GeForce GTX 1070 graphics card, RAM 16G.
We developed the program using the Unity3D engine and the Steam
VR plugin.

7.3 Survey questions
We measured the user’s presence in the virtual environment using
the igroup presence questionnaire (IPQ) item, a survey about the

Three-Component Presence Model [Schubert et al. 2001]. IPQ is a
survey item set to measure the presence experienced in a virtual en-
vironment on a subjective evaluation scale. It consists of four latent
variables: General Presence (G1), Spatial Presence (SP), Involvement
(INV), Experienced Realism (REAL). This survey has been exten-
sively used in many VR studies (e.g., therapy treatment [Miloff et al.
2016], museum [George et al. 2018], safety training [Buttussi and
Chittaro 2017], and social behaviors [Felnhofer et al. 2018]) to mea-
sure the presence of users in a VR environment. Regarding triadic
game design factors (reality, meaning, and play), we directly asked
about each factor in one question (“from which system did you feel
more anxious?," “which system do you think is more meaningful
in training?," “which system do you think is more immersive and
fun?").

7.4 Study Comparison - control group
To measure the effectiveness of the VR system we created, the “Na-
tional Life Cycle Virtual Reality Disaster Program” 2, which is used
in current firefighter training program operated by the Gyeonggi
Disaster and Safety Headquarters 3, is used as a comparative target
system. This training program operated by the official government
sector since 2014 aims to improve firefighters’ ability to protect
themselves from disasters and escape from disasters by carrying out
various disaster response missions (e.g., high-rise apartment fires,
subway fires, and leakage of harmful chemicals). In view of the
specificity of the fire and the site structure, we selected a program
in the “hazardous chemical spill” scenario that is highly similar to
the VR program we made, as the control program. Figure 6 shows
scenes of playing in the control program.

(a) Teleport movement (b) Putting out fire

Figure 6: Example scenes of the control program.

7.5 Study procedure
We conducted a within-subjects user study. Each participant was
required to use both control and experiment programs, and the
order of program use was randomly assigned. Note that we did
not inform the participants which system was developed by us to
make sure they were not influenced by such information in terms
of evaluating two VR systems. Eleven participants first used the
current training system program and then the experiment proto-
type, meanwhile the other 11 participants used the programs in the
opposite order. After the use of one program, the next program was
started after providing a 10-minute break to minimize the learning
effect from use of the previous program.
2https://go-safe.gg.go.kr/index.do
3https://119.gg.go.kr/
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Table 3: IPQ t-test result for control and experiment groups.

Control program Experiment program t (21) p
G1 3.13 3.45 1.43 0.16
SP 3.33 3.61 2.51 0.02*
INV 3.39 3.85 2.87 0.00**
REAL 3.39 3.61 1.76 0.09†
ALL 3.45 3.72 1.82 0.08†

**p<.01, *p<.05, †p<.10

The survey contains the question items for measuring the pres-
ence, reality, meaning, and play aspects of the VR program, and
a survey was done after using each program. The experimental
procedure consists of the following five stages:

• Step 1: Participants were asked to answer demographic ques-
tions.

• Step 2: Participants learned about the VR environment and
controller operations for 5 minutes before starting the ex-
periment.

• Step 3: Participants used control or experiment programs (in
random order). Then they were given an IPQ survey.

• Step 4: After a 10-minute break, the participants used the
other program (either control or experiment) and re-entered
the same survey that was conducted in step 3.

• Step 5: Participants were interviewed, being asked about
their experience and perceptions toward presence, reality,
meaning, and play of each program.

8 RESULTS
8.1 Evaluation on presence
The IPQ questionnaire measured the difference between presence
in the control versus the experiment programs, and a t-test was
applied.

The responses in SP and INV showed significantly different
results (See Table 3). The SP results may have been because our VR
system was developed based on actual firefighter field experiences
and provides a similar environment to a real fire site. The INV
result indicates that the production of the HCI-applied VR program
gives users a high degree of involvement. Conversely, G1 shows a
relatively high p-value (p=0.16). We assume that this is because the
subjects were ordinary people, not firefighters. Regarding REAL,
we had a marginally significant difference, showing our VR system
generally provides a more realistic experience to the participants.
Lastly, ALL indicates the sum of the all latent variables, and we can
see a marginally significant difference between the two programs.
Overall, the results highlight that the participants by and large had
greater presence experience with our VR program compared to the
control program.

Along with the survey responses, we used the open-ended ques-
tion during the interview to further find out which factors raised
the presence in the VR environment. From 26 responses (some par-
ticipants made multiple responses), we had the following categories
ordered by frequency: Flexible self-control in move (26.9%, N=7, “I
was immersed because I could control my move. (P14)”), High degree
of freedom (23.0%, N=6, “It was good to have a high degree of freedom,
such as turning off lights and opening doors. (P15)”), Not feel like an
educational program (11.1%, N = 3, “Good non-artificial instructions.

(P18)”), User interface element (7.69%, N=2, “I was immersive because
of the intuitive UI. (P22)”), Smell of burning (7.69%, N=2, “Smoke
smell made me more immerse. (P3)”), Easy manipulation (7.69%, N=2,
“It was good to be immersed because the manipulation method seemed
concrete. (P5)”).

8.2 Evaluation on triadic VR game design
components

Three factors (reality, meaning, and play) of the triadic game de-
sign were used to measure whether the severe situation in the fire
disaster environment was well reflected. We asked about anxiety to
measure reality given that the specificity of the firefighting training.

According to the results, participants felt more anxiety and had
fun in our VR program (See Figure 7). More specifically, 21 out of 22
(95%) participants responded to the higher reality in our program.
For meaning, 16 participants felt that both the control program and
the experiment program were meaningful, while four participants
said they preferred the experiment program. For play, only two
participants said the control program was more fun. Three from the
four participants said the control and experiment programs were
both not interesting, while one said both were great. The remaining
16 participants answered that our VR program was more fun. Based
on these results, we empirically prove that our VR system provides
much better experience in the aspects of anxiety and play. We
present the participants’ responses to the open-ended question for
each aspect.

Figure 7: User preference in reality, meaning, and play over
two conditions. Participants evaluated greater reality and
play and slightly greater meaning from our VR system (Ex-
periment) than the control system.

Reality. From 50 interview responses, we create the following
themes: Disturbance of view and dark environment (26.0%, N=13,
“I do not see my vision because of smoke, so I feel more anxiety. (P2)”),
Burning odor (14.0%, N=7, “In fact, the smell of burning increased
anxiety. (P1)”), Cracked or burning sound (14.0%, N=7, “I was sur-
prised by the sound of the glass breaking. (P10)”), Visual effect of fire
(10.0%, N=5, “The feeling of anxiety was strong because of the vivid
visual sense of the fire scene. (P12)”), Continuous alarm sound (8.0%,
N=4, “There was a lot of anxiety because of the alarm sound. (P11)”),
The pressure to rescue a person (6.0%, N=3, “I was nervous because
I felt pressure to save people. (P4)”).
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Table 4: VR elements perceived/suggested by the partici-
pants to increase presence, reality, meaning, and play.

Element User perception/suggestion

Presence Flexible, self-control in move
High degree of freedom
Not like an educational program
User interface element
Burning odor
Easy manipulation
Continuous instruction

Reality (Anxiety) Disturbance of view and dark environment
Burning odor
Cracked or burning sound
Visual effect of fire
Continuous alarm sound
The pressure to rescue a person
Flexible, self-control in move
Unpredictable situation
The closed situation of underground
Time limit due to oxygen tubing

Meaning Similar to actual fire scene
Like an educational program
Flexible, self-control in move
Intuitive UI

Play Content element
Feels like I am playing a game
Visual effects of fire
High degree of freedom

Meaning. Of a total 22 participants, 16 answered that both the
control and experiment programs had the same meaning. This is
not surprising given that both programs were designed to support
firefighting training. The remaining 6 interview responses are as
follows: Similar to actual fire scene (33.3%, N=2, “It is like a real fire
scene, so it makes sense. (P6)”), Same as training program (16.6%, N=1,
“It is meaningful that it is like the educational broadcasting that pro-
gresses gradually. (P17)”), Flexible, self-control in move (16.6%, N=1,
“It is educationally meaningful to play by myself. (P20)”), Intuitive
UI (16.6%, N=1, “The intuitive UI makes it educationally meaningful.
(P19)”).

Play. We found following themes from 10 responses: Content
element (40.0%, N=4, “The content was interesting and well organized,
similar to an actual fire scene. (P20)”), Feel like playing (30.0%, N=3,
“It was fun because it was like a horror game. (P21)”), Visual effects
of fire (20.0%, N=2, “The fire was interesting because it was visually
similar to reality. (P8)”), High degree of freedom (10.0%, N=1, “The
part that I can behave actively was interesting. (P18)”).

Overall, Table 4 summarizes the responses to the open-ended
question for presence, reality (anxiety), meaning, and play.

9 DISCUSSION
9.1 Design implications of the VR firefighting

training
This work used HCI methodologies to determine salient factors
required for firefighting training. Based on these factors, a VR envi-
ronment was created, and the VR system was evaluated through
a user study in terms of presence, reality, meaning, and play. Re-
garding presence, SP, INV showed statistically significant results,

and REAL, ALL found marginally significant results. In addition,
our VR system provides an improved user experience in reality,
meaning, and play, compared to the existing VR training system.

There are several important aspects shown in Table 4. The factors
that affect the degree of presence includes the specific instructions
of what the users need to do, and the actions users can perform,
related to the engagement level within the virtual environment.
Many participants responded the VR program that allows them to
judge and act on their own, move naturally, etc., is more immersive
and fun. Conversely, teleportation, which changes their position in
the virtual world with a click on the controller not by their actual
walk, is negatively affect the immersion.

Participants shared various elements that increase tension. The
first is low visibility. During our interview with firefighters, we
noted that the sight is only limited to 30-40 cm because of smoke.
This experience was mentioned several times by our study partic-
ipants, meaning that applying this realistic element caused more
tension. One participant expressed that “I was quite nervous as I
couldn’t see clearly and became more involved in the training. (P4)”
Second, the sound of an explosion, the sound of sirens, and a burn-
ing smell also contributed to increasing the tension and confusion
among participants. Finally, some participants shared that they
were nervous about the psychological pressure to save a person
and the time limit that followed. One participant mentioned, “I
wouldn’t have completed my mission within the time limit without
an arrow in the UI. (P21)”

One interestingmixed point made by the participants is about the
visual effects of the fire. While many participants indicated that the
fire prevented them from moving forward and forced them to step
backwards, some other participants said the fire did not show much
impact on training and rather gave them a visual guideline of which
direction to go. They shared that theywould bemore nervous if they
can feel heat to some extent. Similarly, the experiments conducted
by Shaw et al. [2019] indicated that if heat and smell are added to
VR firefighting training, many subjects say that psychologically
they would not easily pass through the fire. In our study, only odors
are applied, but in the future, adjustments to the heat will be applied
to increase tension in the VR firefighting training.

As presented in Figure 7, there were more mixed responses re-
lated to the aspect of meaning. Some participants mentioned, “I
can see the learning (meaning) aspect in both the control and experi-
ment (our) programs, but from the perspective of education about the
responding manual (e.g. the order of setting up equipment, how to
use indoor fire hydrant, rescuing), the existing control VR program
seems more appropriate. (P14)” Thus, when producing VR firefight-
ing training, it is important to design a system that is more helpful
to fire drill subjects by appropriately utilizing the advantages of
both programs.

9.2 Use of VR program to overcome anxiety
and fear

This paper covers the study of the design elements and user require-
ments needed to effectively support presence, reality, meaning and
play, and to verify the effectiveness of VR systems developed based
on these four aspects. Such a carefully designed VR system has the
potential to be used for further investigation of other elements that
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can help the user to overcome tension and fear in urgent fire emer-
gency situations, and to conduct research on ways to effectively
support such elements through a VR system. The importance of this
study was also confirmed in the interviews with the firefighters.

Research on finding ways to lower tension and fear through VR
technology has been done in many domains (e.g., fear of heights,
public announcements) [Botella et al. 2007; Flobak et al. 2019; Har-
ris et al. 2002; Krijn et al. 2004; Mühlberger et al. 2001; Opriş et al.
2012; Parsons and Rizzo 2008; Wiederhold and Wiederhold 2005].
VR users who are continuously exposed to an experience of fear
through a realistic VR environment can increase familiarity with
the situation and are able to control the tension. For example,
Mühlberger et al. [2001] reported that more than 50% of the fear
disappeared from subjects after repeatedly experiencing a flight
in VR. In addition, Krijn et al. [2004] also experimentally showed
that continuous sight of high-altitude environments through VR
decreases the fear of heights compared to no exposure to such
environments.

However, many challenges still exist in VR firefighting training,
such as validating the effectiveness of the exposure for a specific
purpose. Various VR training scenarios need to be prepared to
address firefighting. It is also necessary for the firefighters to con-
tinuously experience sudden and unexpected fire phenomena in
various situations. Moreover, we need to quantitatively and qualita-
tively verify the effectiveness of the system by comparing different
user groups (VR training experience or not). In addition, identify-
ing methods for reducing tension in a real fire situation may help
firefighters maintain physical and mental control in real operations.
For example, according to interviews with firefighters, the presence
of a co-worker who enters together into the fire site plays an im-
portant role in relaxing the firefighter’s mind. To do this, verifying
factors that reduce anxiety and tension should be done in the VR
training by applying the factors to VR training systems.

9.3 Limitations
Although our study presents many insights to the design of the VR
system for emergency training, there are some limitations.

First, we identified several essential elements for developing a
VR system for firefighting training and provide valuable insights
for VR developers, yet did not incorporate all the items identified
in the affinity diagram. For factors that have not yet been reflected,
we are now in the process of checking whether each item needs
to be implemented to the VR system to maximize the training
effect. After this process, we expect that we will be able to build
a better VR training system that will more accurately reflect an
actual firefighting situation.

Second, although our target users are firefighters, our user study
was conducted with the general public (mostly college students).
However, we want to emphasize that we had a chance to demon-
strate our VR system to firefighters and received highly positive
feedback from them on the possibility of using our system for train-
ing. In future studies, we will test the training effectiveness of our
VR system with firefighters in terms of presentation and feasibility,
and then supplement the system and develop it for use in training
programs.

Lastly, in many previous studies, the measurement of anxiety
was conducted through sensor data such as brain waves and heart
rate [He et al. 2018; Leeb et al. 2007; Skarbez et al. 2018; Tarrant et al.
2018; Wang et al. 2018]. In this study, we measured this through a
questionnaire and interview, but in future work, sensor data can be
utilized to expand the quantitative measurements and integration
with data collected by existing methods.

10 CONCLUSION
User experience and usability should be considered and carefully
applied to the design of the VR system in order to maximize the
effectiveness of system use as well as to achieve end user-centric
goals for the system. Based on HCI methods, we identified key
elements of firefighting training that need to be included in the
development of a VR system. Through a user study with 22 partici-
pants, we specifically focused on measuring the aspects of presence,
reality, meaning, and play by comparing our system with a current
VR firefighting training system. The user study demonstrated that
our VR system induced an improved user experience and more
positive perceptions towards the various metrics being examined
compared to the control system. We hope that these findings and
insights will help other researchers, designers, and practitioners to
design VR fire training that is more vivid and realistic, which will
also improve training and the ability of firefighters to handle real
firefighting situations.
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