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Abstract – This study evaluated Virtual Reality (VR) 
impact on firefighter training performance and 
acceptance among 96 industrial professionals and 30 
university volunteers. Using Flaim simulators, 
participants underwent scenario-based sessions and 
assessments. Results indicated high acceptance and 
realism ratings from professionals. Volunteers exposed 
to VR achieved markedly higher success in 
extinguishing tasks than classroom-only controls. 
Notably, neither prior gaming habits nor tenure 
influenced outcomes, indicating that adaptation relies 
on domain-specific skills. Consequently, VR proves to 
be an effective, scalable adjunct to traditional live-fire 
exercises for safety-critical training, warranting further 
cost-benefit studies. 
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1. Introduction

Firefighter training traditionally uses practical 
sessions with physical fire under controlled 
environments, trying to simulate real-world situations 
as the best way to allow beginner firefighters to deal 
with dangerous conditions found in actual incidents. 
Although still considered the gold standard, real fire 
training has limitations due to the high cost of the 
facilities and the limited variations that can be offered, 
not reproducing the multiplicity of situations that may 
appear under real circumstances. The introduction of 
virtual reality (VR) environments for training 
firefighters and fire brigade members has opened a 
broad spectrum of possibilities. This type of training 
allows training more often, does not emit significant 
toxic gases, safeguards the brigade member’s physical 
conditions and may improve performance [1]. 

VR use in different types of training has been a 
subject of study and development in several 
knowledge areas. Diverse VR simulators emulate 
computer-generated three-dimensional scenarios that 
include interactive objects to provide a sense of spatial 
presence [2]. Its wide applicability encompasses 
diverse areas such as industrial applications, medical 
techniques, rehabilitation for people with disabilities, 
transport systems and military exercises [3], [4], [5], 
[6], [7]. Several studies showed a positive impact, 
suggesting that the immersive VR experience has a 
better overall effect on learning performance than 
non-immersive learning approaches [8], [9], [10], 
[11]. 

There is a general optimism about advantages of 
using VR in addition to practical training in the 
environmental, health and economic areas, but the 
introduction of this technology is raising a wide 
variety of question regarding economic, operational 
and human specificities among all these situations 
[12], [13].
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Among several aspects, acceptance by users is a 
crucial factor in achieving the gains this tool can bring 
[14]. Assessments about the possible performance 
gain and user acceptability for this technology should 
be evaluated and analyzed to allow adequate use of 
this tool for training of firefighters and brigade 
members. Establishing the use of VR must overcome 
barriers such as the immaturity of technology, the 
need for easy use and quick adaptation, and the 
resistance against digital technologies among older 
generations [15]. Even so, several studies show that 
most firefighters appreciate the benefits of VR 
training [16], [17].  

Firefighters can be military, volunteer or industry 
workers (from a wide range of fields), and therefore 
studies performed with different groups may provide 
distinct results.   

1. Does firefighter’s experience and his age influence 
engagement in VR-mediated training? 

2. Does the fact that he has been in a real fire change 
his perception of Virtual Reality?  

3. Can previous experience in VR in other 
applications, such as digital games, improve the 
firefighter VR training experience?  
 

In the study, the use of VR training for firefighters 
from two different working environments in Brazil 
was evaluated: Workers from an oil company and 
from a university campus. 

 
2. Methodology  

 
This study was based on surveys conducted with 

two groups of fire scenes. The first was carried out 
with industrial brigade members from the Brazil´s 
largest oil and gas industry, Petrobras. Flaim Trainer 
Virtual Reality simulator - specialized for firefighters 
was utilized by 96 company’s volunteer firefighters 
using a pre-defined virtual scenarios script. Perception 
assessments were applied to this sample before and 
after the use of the equipment. The second group was 
composed of candidate brigade members participants 
of a conventional training admission course of the 
Volunteer Fire Brigade at the Health Sciences Center 
of the Federal University of Rio de Janeiro. With this 
group, the goal was to evaluate performance gain 
produced upon using of the Flaim Extinguisher 
simulator. 

 
2.1. Group I - Perception Assessment of Petrobras 

Firefighters Using the Flaim Trainer Simulator 
 
The first group used the Flaim Trainer Simulator in 

a quasi-experimental study. According to the 
manufacturer, the FLAIM Trainer Simulator should 
combine ”high fidelity virtual fire environments with 
real time physical interfaces to deliver the feels real 
virtual training experience, any place, any time in a 
safe cost-effective manner that safely prepares 
firefighters for the risks associated with fighting 
fires”. 

This simulator has components designed to provide 
a multi-factor immersive experience, containing a VR 
headset, a heating vest (which heats up as the trainee 
approaches the virtual fire), a real nozzle (that is 
virtualized in VR), a SCBA (Self-Contained 
Breathing Apparatus) backpack system (which is 
similar in weight to a real SCBA and contains the 
simulator computer), heart rate monitor bracelet, a 
breathing mask (measuring breathing rate) and a force 
feedback hose (that forces the trainee to perform a 
physical effort similar to a real fire hose). The trainee 
can choose between water, foam or chemical powder 
as the extinguishing agents (Figure 1). 

 

 
 

Figure 1.  FLAIM Trainer simulator components (from the 
instruction manual) 

 
Among the participants of the first group, some of 

the 96 participants were professional firefighters hired 
specifically to prevent and combat fight fires. In 
contrast others were volunteer brigade members. 
These workers perform other functions for the 
company, but in case of fire events they are supposed 
to take action according to the local Emergency Plan. 
These 96 participants were submitted to the Flaim 
Trainer Simulator based on a pre-defined scenarios 
route. The routed scenarios used included Class B and 
C fire environments, BLEVE, risk assessment, 
flashover and building collapses situations. 

Brigade members were invited to fill in two forms, 
one before and one after use. The first form sought 
information regarding company role, workplace, age, 
gender, time as a brigade member, if they receive 
annual training, self-declared previous experience in 
digital games, self-declared VR previous experience 
and if they believe that immersive virtual reality 
technologies can impact positively in Firefighting 
Training Programs. Likert scale was used in both 
forms.  
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The first form was as follows: 
 

Q1: Participant’s company position - Free answer; 
Q2: Workplace – Free answer; 
Q3: Age (Years) – 18-24; 25-31; 32-38; 39-45; 46-

52; 53-59; 60+; 
Q4: Gender – Female; Male; 
Q5: Years of experience as a firefighter – 1-3; 4-6; 

7-9; 10-12, 13-15, 16-18, 19+ 
Q6: Self-declared previous experience in digital 

games – 1 = very low, 2 = low, 3 = acceptable, 4 = 
high, 5 = very high; 

Q7: Self-declared VR previous experience - 1 = 
very low, 2 = low, 3 = acceptable, 4 = high, 5 = very 
high; 

Q8: “In your opinion, how immersive virtual 
reality technologies can impact in Firefighting 
Training Programs?” - 1 = very low, 2 = low, 3 = 
acceptable, 4 = high, 5 = very high. 
 

The purpose of this first form was to collect 
functional and personal data, previous experience (as 
a brigade member or with digital games or Virtual 
Reality) and their perception of the impact of adopting 
VR technologies in this area before participant’s first 
time inside the simulator. Q8 was repeated on the 
subsequent form, because this first experience using 
the simulator could change the opinion negatively or 
positively. 

After filling out the first form, the participants 
underwent a training session in Flaim Trainer 
Simulator. Scenarios showing similarity to the oil and 
gas industry sites were prioritized. The session time 
was 20 minutes. The complete scenarios route 
included 7 scenes, but some participants could not 
fulfill all of them, as the session was strictly closed at 
20 minutes.  

For each scenario, the instructor evaluated the 
participant’s performance using objective criteria. For 
example, in a scenario whose objective was to 
extinguish an electrical fire, it was assessed if the 
participant carried out the correct procedure and used 
an appropriate extinguishing agent. Each specific 
objective was worth 1 point, totaling 14 points. 

The scenario route was as follows: 
 

S1 – Grass Fire: A simple and easy-to-solve fire. 
The objective was to adapt the participant to VR 
technology, especially in locomotion issues and 
wearables use. Scenario without evaluation.  

S2 - Multiple vehicle fire with fuel leak: Two 
vehicles and a gas tank truck collided. There is a 
gasoline leak. Specific objectives: 

 

a) Prioritized fire over fuel? 1 point. 
b) Used correct extinguishing agent? 1 point. 
c) Used a mist jet? 1 point; 

 

 

S3 - Fire in a convenience store with a parapet in a 
dangerous situation: There IS a fire inside a 
convenience store at a gas station and the railing is 
about to collapse. After the collapse, the fire spreads 
to gas station fuel. Specific objective: 

 

d) Fought fire from a safe distance, avoiding virtual 
death due to a subsequent fall from the parapet? 1 
point. 

e) Prioritized fire over fuel? 1 point.    
f) Used a mist jet over fuel? 1 point; 
g) Used correct extinguishing agent over fuel? 1 

point. 
 

S4 - Fire in a rural felt shed: This scenario 
simulates a simple shed fire, but presents a burning 
LPG cylinder behind it ready to explode (BLEVE). 
Requires risk assessment. 

 

h) Identified the risk of the LPG tank? 1 point. 
i) Avoided BLEVE? 1 point. 
 

S5 – Fire in a paint store: A high calorific fire that 
seriously damaged the front of the store, which is on 
the verge of collapsing. 

 

j) Fought fire from a safe distance, avoiding virtual 
death from the collapse of the structure? 1 point. 

 

S6 - Pipe fire in an oil refinery: There is a leak in a 
refinery pipeline, causing a pool fire. 

 

k)    Used a mist jet? 1 point; 
l)    Used correct extinguishing agent? 1 point. 
 

S7 - Electric panel fire: There is an electrical panel 
on fire. Circuit breakers are on the side. 

 

m)   Turned off the breakers before fight the flame? 
1 point; 

n)    Used correct extinguishing agent? 1 point. 
 

From these objective evaluations, the score of each 
participant was calculated, and could range from 0 to 
14. After the end of the training session, the 
participant was asked to fill out a second form 
containing questions about their evaluation of the use 
of VR technology. Therefore, Q8 was repeated. The 
questions on this form were as follows: 

 

Q9: “How do you evaluate the reality of the virtual 
scenarios in the experienced simulator?” – 1 = very 
low, 2 = low, 3 = acceptable, 4 = high, 5 = very high; 

Q10: “How do you rate the general level of 
immersion in the experienced simulator?” - 1 = very 
low, 2 = low, 3 = acceptable, 4 = high, 5 = very high; 

Q11: “How do you rate your level of tiredness after 
using the simulator?” - 1 = very low, 2 = low, 3 = 
acceptable, 4 = high, 5 = very high; 

Q12: “In your opinion, how immersive virtual 
reality technologies can impact in Firefighting 
Training Programs?” - 1 = very low, 2 = low, 3 = 
acceptable, 4 = high, 5 = very high. 
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2.2. Group II - Measurement of Performance Gain of 
Participants in the Volunteer Fire Brigade Training 
Course at the Federal University of Rio de Janeiro 
Using the Flaim Extinguisher Simulator 

 
The second test group used the Flaim Extinguisher 

Simulator in a random assignment study. This is a 
simulator for fire extinguisher use with basic 
components. It consists of a VR headset, an attachable 
fire extinguisher and motion sensors, allowing free 
movement for the trainee (respecting location’s 
dimensional limits). The Volunteer Fire Brigade of the 
Health Sciences Center of the Federal University of 
Rio de Janeiro holds an annual training course for new 
firefighters, usually with 30 vacancies. This survey 
was carried out during the 2022 training course, with 
all 30 participants. The participants were randomly 
separated into two groups of 15: One control group 
received conventional theoretical classes, which 
included teaching about fire prevention and 
firefighting. The experimental group received the 
same conventional theoretical classes plus a 15-
minute individual training session using the Flaim 
Extinguisher simulator (Figure 2). 
 

 
 

Figure 2.  FLAIM Extinguisher (from the instruction 
manual) 

 
 During the 15 minutes of training in the 

simulator, the participants were submitted to scenarios 
involving different types of fire: in solid material, 
flammable liquids and energized materials. In these 
virtual scenarios, participants had to choose the 
correct extinguisher for the type of fire from three 
available options. After choosing the extinguisher, the 
participant had to put out the fire using a load of the 
chosen extinguisher.   

After this training phase, all participants were 
taken to a Conventional Training Center, where live 
fire training was carried out and the performance of 
each participant in one specific step of this training 
session was accessed.  

At a certain point in the conventional training, each 
participant was submitted to a smoke house, where 
he/she should find a small exit from the place, which 
he/she must evade by crawling. Upon exiting through 
the small hole, the participant is, under pressure, 
immediately subjected to a situation (out of three 
possible situations) where there is a type of fire. In the 
first, there is a pan with oil burning. In the second, 
there is a file of documents burning. And in the third, 
there is an electrical panel on fire. Participants were 
randomly allocated to one of them after escaping from 
the smoke house. After being presented with the 
situation, they should go to a pool of extinguishers of 
different types and choose the correct type for the fire 
in the situation where it was allocated. The image 
below exemplifies one of these structures (Figure 3). 
 

 
 

Figure 3.  Practical test of fire extinguisher effectiveness 
performed in this study 

        
This drill performed in the conventional training 

was close to the dynamics of the Flaim Extinguisher 
Simulator, allowing to record the result of each 
participant’s decision-making. If the participant 
identifies the type of fire correctly and chooses the 
correct type of extinguisher, it is considered a success. 
If the participant wrongly identifies the fire and 
chooses the wrong extinguisher, it is counted as a 
failure. In this way, it was possible to compare the 
performance obtained by the participants of the 
control group and the experimental group and 
compare performances during this drill in the 
conventional real-fire training session. 
 
3. Results and Discussion 
 

This section presents the statistical analysis of the 
data collected from both industrial and volunteer 
firefighter groups. It examines the correlations 
between user profiles, the acceptance of VR 
technology, and the performance outcomes observed 
during the simulated scenarios and live-fire drills. 
 
 



TEM Journal. Volume 15, Issue 2, pages 1189-1199, ISSN 2217-8309, DOI: 10.18421/TEM152-21, May 2026. 
 

TEM Journal – Volume 15 / Number 2 / 2026.                                                                                                                             1193 

3.1. Personal Profile of the Petrobras Oil Company Group 
 
The survey performed with the firefighters from 

the Petrobras oil company aimed to provide a 
perception assessment of their experience using the 
Flaim Trainer Simulator. The profile of the group 
regarding personal and functional data is described 
from answers to Q1 to Q4 that were directed to Type 
of function in the company (Q1; Table 1), nature of 
workplace (Q2; Table 2), age (Q3; Figure 4)) and 
Gender (Q4; Figure 5). 

The "Professional Firefighter" category is entirely 
dedicated to preventing and fighting fires, while the 
other categories are made up of occasional volunteer 
firefighters. Besides the professional firefighters, 
volunteers should join professional firefighters in case 
of fires, in accordance with the local Emergency Plan. 

 
Table 1. Distribution of the participants according to type 
of activity in company (Q1)  

 

Function in the company n 
Environmental technician 1 
Maintenance/Instrumentation Technician 4 
Nursing 5 
Occupational safety technician 29 
Oil and gas operation technician 31 
Professional firefighter 23 
Work safety engineer 3 
Total 96 
 

Data shown represents the number of participants 
for each functional category. Petrobras is an oil and 
gas company with many extractive and production 
branches. Although access to all these chains was not 
feasible, authorization was obtained to carry out this 
study in some of them. Table 2 presents the results for 
Q2. 

 
Table 2.  Distribution of the participants according to type 
of workplace (Q2) 
 

Function in the company n 
Research and Development Department 21 
Refinery  34 
Thermoelectric power plant 20 
Off-Shore 14 
Others 7 
Total 96 

 
The data from Table 1 and Table 2 indicate that 

participants occupied a wide diversity of roles and 
worked in distinct physical environments. It was 
considered that the age of the participants is a relevant 
factor within the sample.  

 

While it is often assumed that younger individuals 
are better suited for digital games, this is not 
necessarily true.  

It was reported by several older participants that 
they identified themselves as gamers. Therefore, 
although not decisive, this data may be useful to 
understand the profile of the brigade sample in this 
study. 
 

 
 

Figure 4.  Age profile of the Petrobras brigade sample 
 

The age distribution of the group showed that 79% 
of the participants were between 32 to 52 years old, 
possibly reflecting the general age profile of 
employees at the operational level of the company. 
The only age requirement to become a volunteer or 
professional brigade member in Brazil is to be older 
than 18 years old and there is no age upper limit 
specified by law. 

The industrial universe is still a mostly male 
environment, and therefore regarding gender 
composition, it was not surprising that the sample 
from this industrial brigade was mostly male (Figure 
5). In this way, it must be considered that the vast 
majority of opinions, perceptions and performances 
captured in this research come from men. 
 

 
 

Figure 5.  Gender profile of brigade sample group from 
Petrobras 
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3.2. Experience as a Firefighter 
 

It is intuitive to think that the longer the time in the 
brigade, the better performance will be achieved under 
either training sessions or real-world emergencies. 
However, this is not necessarily true as a brigade 
member with many years in the brigade does not 
necessarily have engaged enough in training over the 
years or could have never been present in real fire 
events. Meanwhile, a member with less time in the 
brigade could have been deeply interested in the 
subject or have been present in different situations 
where the brigade is required. Data on time since 
joining the brigade showed that, although members 
entering more recently were the larger group, 
corresponding to 1/3 of the total, more experienced 
brigade members also participated in a satisfactory 
number (Figure 6). 
 

 
 

Figure 6.  Years of experience as a firefighter in the 
Petrobras brigade sample group 

 
3.3. Previous Experience in Digital Games 
 

One frequent assumption is that people with more 
experience in digital games can obtain better results in 
virtual reality simulators because they are more used 
to the dynamics and general movements of digital 
games. Therefore, an inexperienced brigade member 
should gain an advantage within the simulated virtual 
scenarios against a brigade member with less 
experience in digital games. 

Virtual Reality still has some limitations, such as 
locomotion within virtual scenarios. In the Flaim 
Trainer Simulator’s case, a teleportation tool is used 
for this purpose. Some inexperienced users might find 
it difficult to use it, and perhaps a better experience in 
digital games might facilitate this. The group under 
study showed a balanced composition regarding self-
evaluated experience with digital games (Figure 7). 
 
 

 

 
 

Figure 7.  Self-declared previous experience in digital 
games in the Petrobras brigade sample Ágroup 

 

3.4. The VR Training Experience: The User Acceptance 
 

Before the actual session of VR training, the 
participants were questioned (Q8) for their opinion 
about: ”How immersive virtual reality technologies 
can impact the  Firefighting Training Programs?”, in 
order to evaluate their expectative about the 
technology. This question was being asked before the 
participants were exposed to the VR training, would 
provide answers based on their apriori judgments and 
perceptions. VR training implementation might face 
challenges as the resistance to change traditional 
training methods, or eventually, firefighters might 
prefer more hands-on, real-world training and be 
skeptical of the effectiveness of VR training. 
However, more than 95% of answers declared that 
they expected “high” and “very high” impact of the 
VR training (Figure 8).  

This result was considered somewhat surprising, 
given the skepticism highlighted by the literature in 
this regard. Subsequently, these data are analyzed 
after presenting the results of this same question, but 
following the use of the equipment during the training 
session. 

 
 

Figure 8.  Expected impact about the use of the VR 
technology in training declared before user experience in 

Petrobras 
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Q9 (How do you evaluate the reality of the virtual 
scenarios in the experienced simulator?”) asked for a 
personal assessment of the fidelity and accuracy of the 
simulated scenarios. It is focused on the technical 
aspects of the simulation, such as graphics quality, 
sound, and other sensory inputs, as well as the 
accuracy of the simulated physics and other 
environmental factors, looking for an evaluation of 
how closely the simulated scenarios resembled real-
world scenarios or situations. 

 

 
 

Figure 9.  Virtual scenario reality opinion in the 
Petrobras brigade sample group 

 

Most of the participants (88 out of 96) rated the 
realism of the virtual scenarios in the experienced 
simulator as “high” or “very high”, indicating that 
they found the simulator to be a realistic 
representation of real-world scenarios (Figure 9). This 
was a positive result for the validity and effectiveness 
of the simulator in training and assessing the skills of 
firefighters and volunteer brigade members in dealing 
with fire emergencies.  

Q10 (“How do you rate the general level of 
immersion in the experienced simulator?”), aimed on 
the assessment of how engaging the simulated 
experience was, focusing on user’s subjective 
experience and their sense of presence and 
involvement in the VR. 

 

 
 

Figure 10.  Subjective evaluation of immersion level in the 
Petrobras brigade sample group 

 
Again, most participants (92 out of 96) rated the 

immersion in the simulator as “high” or “very high”, 
suggesting that they felt a strong sense of presence and 
involvement in the simulated world (Figure 10).  The 
simulator had several wearables components, such as 
the heat suit and force feedback, along with the 
headphones and glasses. The declared feeling 
suggested that the experience was effective in 
enhancing the sense of immersion and presence in the 
simulated environment, but it was not possible to 
detect which was the specific contribution of each part 
of the simulator.  

This is an important factor in creating an effective 
training tool, as it allows participants to experience 
and respond to fire emergency situations in a way that 
closely resembles real-world scenarios. 

In comparison with the graph in the previous 
question, (Q9), it is possible to see that part of the 
participants who evaluated the level of reality of the 
virtual scenarios as “very high” migrated to lower 
levels (“high” and “acceptable”). This data perhaps 
indicates that the level of graphics and physical 
simulation that can be observed by the participant 
through the VR glasses is still higher than the level of 
total immersion, which requires wearables to achieve 
excellence. 
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There is no ideal usage time per participant 
indicated by the manufacturer. Although it is naturally 
desirable for the participants to train as much content 
as possible, there is a limitation on their physical and 
mental tolerance for the stress produced upon being 
inserted in a virtual environment [18]. A time of 20 
minutes was used for logistic reasons because this 
allowed both access to different scenarios and 
continuous use by participants during a work shift. 

 

 
 

Figure 11.  Reported level of tiredness in the Petrobras 
brigade sample group 

 
When asked, “How do you rate your level of 

tiredness after using the simulator?” most of the 
participants rated their level of tiredness after using 
the simulator as “acceptable/low/very low” (65 
participants), while a substantial number rated their 
level of tiredness as “high/very high” (27 
participants), (Figure 11). This indicates that although 
the participants were not required to perform any 
physically demanding tasks, VR experience can be 
mentally taxing, and the sensory inputs provided by 
the simulator can be intense and overwhelming, 
leading to fatigue or discomfort [19]. 

Therefore, the span of 20 minutes seemed to be 
adequate for the use of the simulator, not obtaining 
many “very high” results. As 5 participants reported 
the maximum level of tiredness, a procedure may be 
developed in the future in which the user is asked to 
request the end of the session if he is feeling physically 
exhausted, as there are some limitations in terms of the 
amount of time that participants can spend in the 
simulator before experiencing significant levels of 
fatigue. This practice can help to avoid physical 
problems in the future. Even so, the number of people 
who reported maximum fatigue is small (5%) 
compared to the total number of participants. 

 
 
 
 

When the participants were asked “In your 
opinion, how immersive virtual reality technologies 
can impact the Firefighting Training Programs?” 
(Q12), the same question asked in Q8 but now 
answered after using the simulator, most of the 
participants who answered “high” in Q8 (23 
participants) migrated to “very high” in Q12 (Figure 
12). The number of participants who answered “low” 
or “acceptable” remained the same. 

 

 
 

Figure 12.  Opinionated level of impact declared after the 
user experience in the Petrobras brigade sample group 

 
This is an indication that participation in fire 

training in Virtual Reality exceeded the expectations 
of part of users. There is an indication that part of the 
mistrust or skepticism regarding training in virtual 
reality can be broken after the practical use of the tool. 

The positive responses could also indicate a 
potential willingness and openness from firefighters 
and emergency responders to use and adopt new 
technology in their training programs. This could lead 
to the integration of VR in more training programs, 
helping to improve the preparedness and safety of 
firefighters, and ultimately improve their ability to 
protect lives and property. 

 
3.5. The VR Experience: Performance Analysis 
 

As detailed under Methods, participants were 
evaluated on 14 specific technical skills that were 
addressed during training sessions. Correct choices 
percentage among 14 situations made up the % Score, 
this index being used as a performance metric for 
brigade members during the training session (Figure 
13).  
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Figure 13.  Evaluation of the technical skill displayed 
during the VR training session in the Petrobras sample 

group – participants’ behavior received a score defined as 
% of correct choices/actions 

 
These individual scores given for the technical 

performance of the brigade members displayed during 
the VR sessions was compared to the participants’ 
self-declared experience in digital games to test the 
hypothesis that frequent gaming experience could 
influence performance in virtual reality training. 
Correlation analysis of the score data with the level of 
self-reported gaming experience showed a very weak 
relationship (Table 3) between these two variables 
(Pearson’s correlation coefficient = 0.16).  The R 
squared value of 0.02587 indicates that only about 
2.6% of the variance in performance scores could be 
explained by prior experience in digital games. This 
finding challenges the common assumption that 
familiarity with digital gaming mechanics would 
provide a substantial advantage in adapting to VR 
environments, particularly in specialized training 
scenarios such as firefighting. 
 
Table 3. Correlation between performance and self-
declared experience in digital games 
 

Parameter Statistical Result 
Intercept 67,76926 ± 5,02393 
Slope 2,62544 ± 1,67074 
Residual Sum of Squares 33982,74 
Pearson’s r 0,16083 
R-Square 0,02587 
Adj. R-Square 0,01539 

 
Possibly, the key determinant of success appears to 

be the participant’s operational and technical 
knowledge in firefighting. These findings may have 
implications for the design and implementation of VR 
training programs, emphasizing the need to focus on 
developing domain-specific competencies rather than 
relying on general gaming proficiency as a predictor 
of success [20]. 

 

The individual scores given for the technical 
performance were also used to correlate performance 
in the virtual reality training and the participants’ 
years of experience as firefighters, testing whether 
more experienced firefighters, who may have had 
greater exposure to real-life emergency situations, 
would perform better in VR-based training scenarios. 
The hypothesis here is that time of service as a 
firefighter should bring operational and technical 
knowledge and translate into better decision-making 
and tactical execution in the simulated environment. 
Surprisingly, correlation analysis showed (Table 4) a 
Pearson’s correlation coefficient of r = 0.03788, 
indicating an almost negligible relationship between 
the number of years a participant has served as a 
firefighter does not significantly predict their 
performance in virtual reality-based training 
scenarios. 

 
Table 4. Correlation between performance and years of 
experience as a firefighter 
 

Parameter Statistical Result 
Intercept 10,38673 ± 0,42709 
Slope  0,01476  ± 0,04037 
Residual Sum of Squares 682,76618 
Pearson’s r 0,03788 
R-Square 0,00144 
Adj. R-Square -0,0093 

 
These statistical findings align with the subjective 

observations made during the training sessions, where 
no clear pattern emerged between years of experience 
and performance in the VR simulator. For instance, 
some participants with decades of experience 
underperformed in scenarios requiring quick decision-
making, while others with relatively few years of 
experience demonstrated strong tactical skills and 
adaptability. 

One possible explanation for the lack of correlation 
is that VR training emphasizes specific cognitive and 
technical skills such as: risk assessment, decision-
making under pressure, and familiarity with VR 
interfaces, that may not be directly tied to the number 
of years spent in the field. While experienced 
firefighters may have a deeper understanding of fire 
dynamics and operational protocols, their ability to 
translate this knowledge into effective performance in 
a virtual environment may depend more on their 
adaptability to new technologies and their cognitive 
flexibility. Conversely, less experienced firefighters 
who are more open to learning and adapting to new 
tools may perform equally well or even outperform 
their more seasoned counterparts in VR training 
scenarios. 
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This finding underscores the importance of 
designing training programs that prioritize skill 
development and adaptability over reliance on tenure 
as a predictor of success. Future research could 
explore other factors such as cognitive abilities, 
learning styles, and prior exposure to technology that 
may play a more significant role in determining 
performance in VR-based firefighting training. 

 
3.6. Application of VR to a Volunteer Fire Brigade 

Training Course at Federal University of Rio de 
Janeiro 

 
Training sessions using the Flaim Extinguisher 

simulator were also conducted with a different group, 
composed of participants who have applied to join a 
volunteer firefighter brigade at the Health Science 
Center of the Federal University of Rio de Janeiro. 
The research participants were divided into two 
groups: experimental and control, with 30 participants 
each. Training sessions with the Flaim Extinguisher 
were applied for 15 minutes for the Experimental 
group.  

The performance of both groups in a live fire 
training session was measured to evaluate the efficacy 
of the VR training. 

This study employed a randomized controlled trial 
to evaluate the effectiveness of VR simulator training 
compared to conventional theoretical training alone. 
The results revealed that the experimental group, 
which received VR simulator training, achieved a 
significantly higher success rate (63.3% - 19 out of 30) 
in identifying and extinguishing the correct type of fire 
compared to the control group (36.6% - 11 out of 30). 
This substantial difference in performance 
underscores the potential of VR technology to 
enhance firefighting training outcomes. However, the 
statistical analysis of these results provides further 
insights into the significance and limitations of these 
findings. 

The Chi-square test yielded a p-value of 0.4321, 
which is above the conventional threshold of 0.05 for 
statistical significance. This indicates that the 
observed difference in success rates between the 
experimental and control groups may not be 
statistically significant, given the current sample size. 
The relative risk (RR) of 0.8421, with a 95% 
confidence interval ranging from 0.5354 to 1.299, 
further suggests that the effect of VR training on 
performance, while promising, is not conclusively 
demonstrated within the constraints of this study. The 
wide confidence interval reflects considerable 
uncertainty in the magnitude of the effect, likely due 
to the small sample size (n = 60) and the limited scope 
of the evaluation, which focused on a single drill. 

 

Despite the lack of statistical significance, the 
attributable risk (AR) of 0.1000 indicates that VR 
training was associated with a 10% increase in the 
probability of success compared to conventional 
training. While this effect size is modest, it aligns with 
the subjective observations made during the study, 
where participants in the experimental group 
demonstrated greater confidence and precision in 
selecting and using fire extinguishers. This metric, 
while preliminary, highlights the practical potential of 
VR training to improve firefighting performance, even 
if the effect is not yet statistically robust. However, as 
only one session of 15 min was employed, it was also 
possible to speculate that a higher number of VR 
sessions should be used to obtain a more pronounced 
effect.  

One notable limitation of this study is the small 
sample size, which reduces the statistical power and 
generalizability of the findings.  

A larger sample size would provide more precise 
estimates of the effect size and increase the likelihood 
of detecting statistically significant differences.  

Additionally, the study’s focus on a single drill 
limits its ability to capture the full range of skills 
required in real-world firefighting scenarios. 

While the results of this study suggest that VR 
simulator training may improve decision-making and 
performance in fire extinguisher drills, the lack of 
statistical significance and the limitations of the study 
design necessitate cautious interpretation. The 
promising effect size and practical implications, 
however, indicate that VR training holds potential as 
a complementary tool in firefighter education. Further 
research with larger sample sizes and more diverse 
training scenarios is needed to confirm these findings 
and explore the feasibility of integrating VR 
technology into real-world firefighting training 
programs. 

 
4. Conclusion 
 

There is a general trend to believe that VR will be 
a relevant tool to complement practical training across 
various fields. However, each application needs to be 
extensively tested on different groups of trainees, 
considering the specificities of the targeted activities 
and the cultural contexts in which the technology is 
introduced.  

The study here among the Petrobras oil company 
brigade revealed a high level of acceptance for the VR, 
described as a realistic and intense experience by the 
participants. Surprisingly, it was possible to see a 
negligible correlation between performance in the VR 
training session with either previous experience in 
digital games or with the number of years of 
experience as a firefighter. 
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The randomized controlled trial evaluating the use 
of the VR simulator as a complement to conventional 
theoretical training revealed a trend to increase in the 
success rate while performing actions on live fire 
training, although not statistically significant. 

Future research should focus on expanding the 
sample size, incorporating a broader range of 
firefighting tasks, and exploring the cost-effectiveness 
of VR training compared to conventional methods. 
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