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Engineering Design Summary 

According to the National Unit for Disaster Risk Management, 12,896 people have been affected by structural fires in 

Colombia in recent years. In order to reduce the consequences of these disasters, different strategies have been proposed, 

such as evacuation drills. However, it has been shown that traditional methodologies are not as effective because they lack 

a practical component. For this reason, this project proposes and designs a training system to perform an evacuation due to 

the presence of a possible structural fire using virtual reality. The scenario selected for this exercise corresponds to the 

laboratory building of the Faculty of Engineering of the Pontificia Universidad Javeriana, Bogotá. Given its recent opening 

and the health emergency generated by SARS-CoV-2, evacuation drills have not been carried out since its inauguration. 

 

In order to develop the proposal, the software and hardware tools with which the experiment was carried out were initially 

selected. This selection was made taking into account the criteria of the ISO 25010 Standard and the AHP methodology was 

used based on the opinion of some experts in the area. Then, two applications were designed, the first one corresponded to 

the learning scenario, in which the participants adapted to the virtual environment. The second was the main application 

containing the emergency simulation. Subsequently, a sample size of 67 people was obtained, who had to belong to the 

Faculty of Engineering. Finally, the application of the experiment was carried out, in which surveys were used as a method 

of data collection. Also, some times related to the performance of the participants were recorded. 

 

Once the application of the experiment was completed, the Statistical Package for the Social Sciences (SPSS 28.0 version) 

software was used to analyze the data collected. The main statistical tests performed were: U by Mann Withney, Wilcoxon 

Signed Rank Test, among others. It should be noted that a confidence level of 95% was taken into account for the respective 

analyses. A significant difference was found between the mean time spent by men and women in the experiment. Also, the 

perception of the participants improved in factors such as the realism of the evacuation, motivation, knowledge and interest 

in disaster prevention. Likewise, 97.1% of the participants preferred the proposed evacuation methodology to the traditional 

ones. 

 

The application of the concept of serious games integrated with virtual reality significantly improves participants' learning 

by generating a higher level of immersion in the emergency. Given the average time it took the participants to learn the 

evacuation system of the building with the developed application, a positive impact was obtained in areas such as: 

productivity, economy, culture, health and technology. The above showed that the proposed methodology has greater 

advantages over traditional drills that have been applied so far. 
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1. Justification and problem statement 

Natural disasters such as earthquakes, tsunamis and hurricanes are unpredictable phenomena that can cause 

multiple damages, both material and human losses. In addition to these catastrophes, there are those caused by 

man, such as structural fires. The impact of these cannot be underestimated and people should be ready to face 



such adversities. Individuals with appropriate knowledge can help others respond accurately and prevent life-

threatening outcomes [1]. Therefore, disaster awareness needs to be a key factor in reducing the number of 

deaths and negative consequences [2]. 

 

According to the National Unit for Disaster Risk Management (UNGRD), in Colombia during the last years, 

15,125 emergencies were recorded. Based on these results, the most frequent disasters are fires with 51.03%, of 

which 887 correspond to structural fires as shown in Graphic 2. In these situations, 12,896 people were affected, 

450 of them with injuries, and there were 80 deaths. In the Bogota's case, of the 215 disasters presented, 22% 

correspond to structural fires [3] as shown in Graphic 1.This demonstrates not only the effects of these incidents 

but also the need to develop various strategies to minimize their impact. Training is a possible solution. 

However, this disaster education is currently based on transferring basic concepts and theoretical knowledge to 

people. Two key challenges, therefore, arise: increasing the motivation of participants and transferring the 

experience of how to act in risk situations [1]. 

 

There are different ways to carry out training for the evacuation of personnel in the presence of a disaster 

such as informative talks, learning videos, evacuation drills, among others. Both informative talks and 

audiovisual components provide several instructions that should be followed in an evacuation, some of them 

are keep calm, do not run, have your hands free, and so on. Such instructions generate an opposite reaction to 

the above in a real scenario [4]. Despite the theoretical richness of these methods, they lack a practical 

component. Research has shown that traditional education on disaster prevention is not as effective as interactive 

methods, which if emphasized in improving people’s first-hand experience [1]. For this reason, traditional 

evacuation drills are very common to train communities, institutions, and businesses.  

 

Drills must ensure successful evacuation once a disaster occurs, arise to develop a healthy, reliable working 

environment, and an increase in the quality of life [5]. Despite those benefits that its application can bring, one 

of the main limitations is the big difference between the real world and training, because they omit many 

sensations and aspects that can make the learning limited [6]. Similarly, protocols can be costly, time-

consuming, and lead to production delays. Therefore, any methodology that can reduce the cost will be of great 

use to many people, organizations, and industries [7].   

 

Given the above, designing an educational package that can raise awareness of some kind of disaster is a 

promising challenge for institutions today [1]. As a consequence, a new training alternative through Virtual 

Reality (VR) emerges, which generates a greater user experience by immersing them in a real environment, 

since stimuli are created through the senses to experience greater immersion. This tool is very useful as it 

provides a platform for effective, flexible and affordable training in a variety of environments.  

 

Graphic 2 - Structural Disasters and Fires - Colombia Graphic 1 - Structural Disasters and Fires – Bogota D.C. 



In general, VR can simulate real workspaces that strengthen occupational safety and health for educational 

and training purposes. This tool has been used in the field of medicine, as well as in the preparation of astronauts, 

soldiers and miners. In fact, the scenarios in which this training can be applied continue to increase, since it 

offers a great advantage over traditional training since it allows the total management of the environment in 

which the user is, giving experimental control allowing stakeholders to make adjustments and changes to 

analyze different situations [8]. Likewise, it has the ability to emulate scenarios that present a risk for staff, 

allowing them to face adverse situations, without running any danger to their security, that of third parties, 

material goods, among others [9]. 

 

However, there is an important concept called Serious Games (SG) that complements the education provided 

through VR. According to Michael and Chen, this concept refers to "a game whose main objective is education 

over entertainment"[10]. This tool is used today in successful educational processes since, it allows us to obtain 

data and information on the behavior of participants to analyze, make decisions and determine what factors 

affect their behavior [11]. Also, the advantage of combining SG and VR is that training realism can significantly 

improve the learning of participants [6]. 

 

 

 

 

 

 

 

 

 

 

 

Recently the Pontificia Universidad Javeriana headquarters Bogotá inaugurated the new building of 

engineering laboratories on January 20, 2020. This building has 15 floors and an additional floor of technical 

control. The occupational health and safety team of the Faculty of Engineering is currently designing the 

evacuation plan for this building. This place has active (alarms, sprinklers and fire extinguishers) and passive 

fire protection (structural designs and finishes). Given the opening, no evacuation drill has been conducted, so 

it is very useful designing a training system for safely evacuate students, professors, brigadiers and university 

workers to learn how evacuate the building in case of a fire. Thus, this building would be the first construction 

in the university to have a virtual training system for evacuation in case of a structural fire. In this way, the 

following research question arises: How to design a training application for the evacuation in case of fire at the 

Engineering building by means of virtual reality? 

2. Literature review 

Emergencies, like fires, earthquakes, floods, are events that have occurred throughout the history of 

humanity. However, over time, different alternatives have been implemented that seek to reduce the losses and 

consequences that those incidents bring. Thanks to technology, new tools have emerged to improve current 

learning processes. Several authors claim that traditional methods of education do not provide the expertise 

required to address these situations. Some of them propose a learning package for disaster prevention based on 

SG, which is based on the ELC methodology or Kolb stages: Concrete Experience (CE), Reflective Observation 

(RO), Abstract Conceptualization (AC) and Active Experimentation (AE). The results showed that this Kolb’s 

methodology had a positive influence on student’s level of interest in learning, disaster prevention skills, self-

awareness and civic responsibilities [1]. 

 

Figure 2 - Virtual Reality Example. [12] Figure 1 -  Virtual Reality Example 2. [13] 



At Tokushima University in Japan, a fault-enhanced evacuation model was proposed based on Kolb’s 

experiential learning theory with the use of VR. A preliminary comparative experiment focused on how 

simulated evacuees or NPCs (non-player character) influence the evacuation of participants. This model was 

intended to induce participants to succumb to conformity bias and not to evacuate during the first simulation. 

In the first scenario, an earthquake was simulated in a school with inactive evacuees, which means people who 

do not evacuate quickly or stay inside in the place. Subsequently, after feedback to the participants, a second 

fire scenario is simulated in a theatre. Results indicated that failure-enhanced evacuation training can 

successfully improve the training effect [12]. 

 

Other solutions proposed are aimed at finding the optimal evacuation route. For example, through 

Augmented Reality (AR), applications have been developed that provide the user with real-time guidance to 

safely evacuate. On the previous study, it is concluded that a sufficient amount of training information must be 

available if the accuracy of a fire recognition is to be improved [13]. Also, there is the possibility of obtaining 

the evacuation route by scanning a marker, arranged in the maps that are in each of the areas of the building. 

Depending on the device used (mobile phones, tablets, Microsoft Hololens), three scenarios were addressed in 

which the amount of information provided to the user varied, such as the specific location of the disaster, 

alternate evacuation routes, smart signs, among others. It was concluded that the model developed was not only 

easy to use, but also effective in generating patterns to evacuate a construction. Among the devices used, the 

Microsoft HoloLens (VR glasses) was preferred by users, because it allowed them to interact with real situations, 

which improved their experience [14].  

 

It should be noted that not all tools have the approach mentioned above, some authors orient their research 

towards the design of mathematical models that allow understanding and optimizing variables such as time and 

speed of evacuation, the flow of personnel, density reported at critical points and total distance traveled 

[15],[16]. This objective is achieved through the development of heuristics and equation models to obtain the 

shortest exit route [17]. Other models focus on evaluating the efficiency of current evacuation plans, to 

implement the best of them, this tool is implemented in an airport comparing three different alternatives. This 

simulation platform is combined with a TOPSIS evaluation method to find the problems on time, improve 

emergency response capabilities and significantly improve the effectiveness of emergency drills at airports [18]. 

 

Kawai and Mitsuhara developed an AR-based evacuation game for the presence of an earthquake simulating 

different variables such as injured people, building cracks, fire, smoke, among others, finding that such a system 

can improve users recognition of emergency signals and motivate participants to learn about disaster liability 

[19]. Also, in 2019 Sukirman and Wibisono designed a VR-based app at a school in Indonesia for children to 

experience the sensation of an earthquake, 71% of the students who tested the application said that the simulation 

is interesting because they can interact with virtual objects, which makes  the practice more realistic [2]. 

Similarly, Lovreglio and Gonzalez designed two SG prototypes based on VR. The first aims to analyze the 

behavior of the participants in the moment of the evacuation-drill, and the second focuses on earthquake´s 

evacuation training [6]. 

 

Several investigations have been carried out using VR on Occupational Safety and Health issues (OSH), this 

technology offers the possibility of making affordable and safe training in high-risk environments, in spaces 

where there is contact with electrical systems [20], chemical [9] and petrochemicals [21]. In the chemical 

industry, for its part, the training approach developed was not only used to educate and train new workers but 

also to preserve the skills of those who have already been with the company for a long time. However, Chen 

and Su developed an application for decision-making in high-risk urban facilities of a petrochemical, concluding 

that the software improves the sensitive cognition of users' accidents. 

 



Concerning emergency fire simulations, Kilis 7 Aralik University in Turkey implemented HMD VR for 

university students in OSH to strengthen theoretical knowledge. As a result it is important that students are 

oriented to the VR simulation by introducing the environment to the students before the implementation [5]. 

Besides, in countries such as the Republic of Korea, two-way educational content based on AR has been 

proposed that can effectively educate Korean citizens about evacuation procedures, safe crisis resolution, and 

instructions for the use of fire extinguishers or descending devices, as well as the CPR (Cardiopulmonary 

Resuscitation) method [22].  

 

It should be noted that the behavior of a fire depends on the space in which it is generated. Thus, this 

methodology has been applied in both closed places as a university and outdoors places as an airport. On the 

one hand, VR’s systems such as HTC (High Tech Computer) Vive have been implemented to design game-

based learning platforms for college students assessing limitations and different perceptions in participants. 

Approximately 70% of users believe that using VR can increase learning and interest in learning about disaster 

awareness [23]. On the other hand, with platforms, such as Unity 3D, the College of Air Management Civil 

Aviation Flight University of China developed an airport emergency fire rescue virtual platform to trainees, 

highlighting three important features of VR: ease of use, platform stability and real-time, which gives users a 

scene closer to the real emergency [24]. 

 

On the basis of a review of the existing literature on current training systems and the different scenarios used 

in each of them and the statistics presented on national disasters, it is decided for the particular case of this 

project, to simulate a structural fire scenario. This considering that it is the emergency that results in a major 

number of affected people after its occurrence. In addition, in order to accomplish the final work’s objective, 

the application Unity 3D software will be evaluated since, as mentioned above, it has been the most used 

programming language in each of the projects, which has obtained good results. Finally, HTC Vive Pro will be 

evaluated as a hardware tool, this will allow greater immersion in the target training system. 

3. Objectives 

To design a training system for the Pontificia Universidad Javeriana’s community through virtual reality 

tools, which facilitate evacuation in the event of a structural fire at the new Engineering laboratory building 

1. Select the most accurate tools for the creation of the training system 

2. Develop the application using the tools chosen 

3. Apply the simulation to the Javeriana community’s users (students, administrative and professional 

staff) 

4. Analyze the results obtained through the simulation to determine its impact on the community 

4. Methodology 

First, an opportunity for improvement is identified in the current Evacuation Training Systems in an 

emergency as these lack the required immersion for the training to be fully effective. In addition, it was found 

that planning and executing a traditional drill requires considerable time and resources. Afterward, the tools 

(software and hardware) to be used in the development and implementation of the new training system through 

VR are selected. Subsequently, the simulation is applied to the selected sample; finally, the data obtained are 

analyzed to conclude the impact generated onto the community. 

 

4.1. Specific objective 1 

4.1.1. Software and hardware choice 

 



The first stage of the project’s development consists of the selection of the software and hardware tools that 

are used for the creation and implementation of the VR application. It is important to highlight that the software 

analyzed must allow the inclusion of virtual reality since many of these platforms do not have this possibility. 

The software to be evaluated are Unity 3D, Unreal Engine and Godot. Likewise, the hardware to compare are 

Oculus Rift 2015, HTC Vive 2020, Google Cardboard and Samsung Gear VR. For the selection process, the 

AHP methodology is used, which is a method based on the evaluation of different criteria (qualitative and 

quantitative) to rank the comparison process. For the selection of the software some criteria provided by ISO 

25010 are taken into account: 

 

• Efficiency: Represents performance relative to the number of resources employed under certain conditions, 

such as response and processing times, quantities and types of resources used when the software is running, 

among others. 

• Reliability: Competence of a system to perform specific functions when used under certain conditions and 

periods. These conditions may be the ability of the system to be operational and accessible when required, 

to operate as intended in the presence of failures, among others. 

• Usability: Capacity of the software product to be understood, learned, used and be attractive to the user 

when employed under certain conditions, which may be: product ability that allows the participant to learn 

its application, user interface ability to please and satisfy participants’ interaction, among others. 

• Portability: Ability of the product to be effectively and efficiently transferred from one hardware, 

software, operational or usage environment to another. 

 

Moreover, the criteria selected for hardware analysis are as follows: 

 

• Availability: Achievability of making use of the device at the time of project execution (present until July 

2021).  

• Recognition: Degree to which the device has been used for VR execution projects.  

• Ease of use: Possibility for the user to run the simulator on this device in a practical and fast way.  

• Immersion: Level of reality experienced by the participant into the scenario illustrated. 

 

Taking into account the above criteria, two surveys were conducted with three experts on the subject: one 

for the software and one for the hardware. The above to obtain the corresponding weighting, and select the most 

appropriate tools for the given criteria and conditions. Surveys applied to experts can be found in Appendix 1. 

4.1.2. User profile and informed consent  

 

The application is evaluated on a sample of students, teaching and administrative staff of the engineering 

faculty of the Pontificia Universidad Javeriana, Bogotá. Thus, the participants must meet certain medical and 

demographic requirements that are detailed in the user manual where the precautions, recommendations and 

other important aspects are explained in detail for the proper use of VR equipment. Besides, informed consent 

is designed, which aims to record the voluntary participation of users, as well as to let them know the treatment 

of the information collected and other matters of concern. 

4.2. Specific objective 2 

An application is developed for the training of an evacuation caused by a fire in the Engineering Building of 

the Pontificia Universidad Javeriana, considering the guidelines provided by the occupational safety and health 

team of the Faculty of Engineering. 

 

https://drive.google.com/drive/folders/1dYipwKiSSLg0ljOVj7SBkB7GW9yNh__0?usp=sharing


4.2.1. Application design methodology  

 

• Virtual environment: The location of the application scenario corresponds to some sections of the PUJ 

engineering building. The floors selected to simulate the evacuation are chosen taking into account the 

maximum occupancy of people on them, as shown in Graphic 3. The 14th floor, the last level of the 

building, is selected as a starting point since it represents the space with the greatest occupancy. This space 

is available for 281 people. Likewise, the 11th floor is chosen where there are spaces for students to develop 

their academic activities. Besides, it is among the three places with greater capacity of personnel. It should 

be clarified that the design of this scenario represents the first advance for future studies, in which the 

whole building is contemplated for the benefit of the OSH area. 

 

The 3D model of the building was delivered by the Faculty of Engineering in NWD format. Some internal 

building elements are imported from SolidWorks software. After that, these elements are converted to FBX 

format, which is compatible with Unity 3D. Items such as doors, plants and other accessories are obtained from 

different packages from the Unity Asset Store. The final adjustments to the model are completed directly in the 

software. Finally, to generate the user's movement, door opening, sound implementation, control of the 

commands, among other functions, the programming is used in Visual Studio C#. In Figure 3, you can see the 

process explained above: 

Graphic 3 - Floor's Occupation - Engineering building PUJ 

Figure 3 - Development implemented to create the virtual environment 



For the user to adapt to the interaction with VR, a learning scenario is designed. In this course, the participant 

learns how to use the commands and becomes familiar with the use of the viewfinder. This scenario consists of 

a small room where it is possible to move freely, go downstairs, observe some objects randomly arranged and 

be placed spatially in an environment with VR. The implementation of such learning scenario is highly relevant, 

as it allows users to adapt to movements and experience the feeling of participating in a VR simulation by 

identifying their symptoms. It also equalizes the users’ knowledge conditions for the actual application, thus 

avoiding bias in the performance times. 

 

• User interaction with the application: The incorporation of VR into this project is generated by the HTC 

Vive Pro device, which is shown in Figure 4. It has an adjustable viewfinder and a pair of controls for the 

user to make different commands in the middle of the simulation. For the configuration of these and the 

correct interaction with the environment it is necessary to have the Steam VR application and programming 

in Visual Studio C#. With the above, the touchpad of the right controller is related to the user’s mobility 

which is configured with an average speed for all participants. Similarly, for door opening, a script is linked 

which is associated with the trigger on the left controller.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Fire and emergency simulation: Fire and smoke are simulated by a package imported from the Unity 

Asset Store. The emergency occurs due to an explosion in the 14th-floor cafeteria area. Immediately 

afterward, fire is generated in nearby areas, in turn, the smoke is located along all the stairs between the 

14th floor and the 11th floor of the building. For the visualization of both fire and smoke (Figure 5 and 

Figure 6), a script is programmed to control its activation time. 

 

At the entrance to the 11th floor of the building, by the stairs of the south side, the fall of a structural object 

caused by the fire is simulated to hinder the descent down this route. The participant is forced to cross this floor 

which is completely covered by smoke. It is important to note that once the explosion occurs, the fire alarm 

Figure 4 - HTC Components and Associated Controls 

Figure 5 – Fire Simulation Figure 6 – Smoke Simulation 



sounds. Finally, the sensation of heat generated by the fire is stimulated by an electric heater that researchers 

manipulate. 

 

• Building evacuation process: Currently, the engineering building has evacuation routes and their 

respective signals. For this reason, all signs are located in the same places of the building in the virtual 

environment. Participants before starting the test do not receive any instructions on how to evacuate the 

building, as this may affect their behavior. That is to say, the participants only have the evacuation signs 

previously located in the virtual model of the building. The meeting point in case of an emergency in the 

engineering building is under study, however, the OSH team contemplates that the most viable option is 

the square located in front of the Faculty of Dentistry. To make this meeting point known to the user, a 

360° image of the place is taken so that, at the end of the simulation, the user is redirected there. 

4.2.2. Experimental protocol  

 

An experimental protocol is designed, which establishes the objective of the tests' application and the number 

of people to whom it is applied. It defines in detail the phases that are carried out with the population under 

study, together with the duration of each one. Likewise, it establishes all precautionary and biosecurity measures 

in the implementation of the experiment at all stages. In addition, it contains the user manual and the informed 

consent given to each participant. These documents are submitted to the Research and Ethics Committee of the 

Faculty of Engineering to authorize the application of tests within the Engineering Laboratory Building. 

4.3. Specific objective 3 

• Sample size: To have a significant proportion of the population and to be able to conclude on it, the 

appropriate sample size for the study is calculated. According to data provided by the engineering faculty 

for the year 2021, the total number of members corresponds to 4171 people, subdivided into three large 

groups: administrative, undergraduate and graduate students. Taking into account the above, a sample size 

of 67 people is stable, using the confidence of 90%, a percentage of heterogeneity of 50% and a margin of 

error not exceeding 10%. The number of people expected is shown below. 

 

Type of 

participant 

Percentage of the 

population 

Number of 

people 

Administrative 12,1% 8 

Graduate 18,9% 13 

Undergraduate 69,0% 46 
        Table 1 - Division of the sample 

• Application of the simulation: In the initial stage of project implementation, participants are contacted by 

e-mail, social networks and through a direct invitation to people who are in person at the faculty. After this, 

the place and date where the tests are carried out are defined, these are carried out on the 4th floor of the 

engineering building of the PUJ between May 11 and 27, 2021. A protocol is established for the experiment, 

to provide users with the necessary biosafety measures and the correct execution of this, which is described 

below. 

 

Once the participants schedule the day in which they can attend the university, through a confirmation email 

is attached the user manual, link of the epidemiological follow-up survey required by the university, time and 

place of meeting. In addition, some additional recommendations are sent to carry out the test comfortably. When 

the participants enter the simulation room, the corresponding disinfection of their hands is performed, to prevent 

the spread of the virus due to the SARS-CoV-2 pandemic. After this, users are asked to sign the informed 

consent and complete a survey before the simulation. Then, the person is informed of the handling of the controls 

and general recommendations to start the learning scenario. Having been taught about the VR team and trained 



in how to interact with the environment, participants begin the application. When the simulation is completed, 

participants are asked to complete a final survey to assess their experience. 

4.4. Specific objective 4  

4.4.1. Data Collection  

 

The method to collect the information consists of two surveys. It is necessary to apply them to all participants 

before and after the simulation. In the initial stage, the user follows a form to collect the following information: 

personal data, experience in traditional simulations, participation in some VR applications and knowledge of 

the meeting points of the building (Appendix 2). The most relevant personal data for the study are gender, age 

and occupation. In like manner, users who have experienced a traditional simulation must respond to their 

perception of the fear, realism, interest, usefulness and motivation that it can generate. Furthermore, four 

possible meeting points are presented for the participant to select which they consider correct. These points are: 

East side of the Baron building, Soccer field, first-floor square Building of Engineering Laboratories and square 

in front of Faculty of Dentistry. 

 

Once the simulation is over, participants are asked to answer a survey to evaluate the VR application. This 

includes questions about fear, realism, interest, usefulness and motivation. Similarly, the user is asked about the 

meeting point and is expected to select the option "in front of the entrance of the Faculty of Dentistry", since it 

corresponds to the current meeting point and is the scenario shown at the end of the simulation by means of a 

360° image. Another relevant question corresponds to the participant’s preference between traditional 

simulations and simulation through VR. Also, users perform simulation feedback, mentioning improvement 

points for the application. Simultaneously with the development of the experiment, a record of three times is 

made: the first corresponds to the duration passed from the welcome to the beginning of the real scenario; the 

second moment refers to the completion of the simulation; and finally, the time at which the experiment ends. 

4.4.2. Data Processing 

 

Through Microsoft Excel, the results obtained in the surveys are organized, and the answers to the most 

relevant questions for the study are selected to create a database containing the information encoding. This is 

done so that the Statistical Package for the Social Sciences (SPSS) software can be used for statistical analysis. 

Additionally, Microsoft Power BI is used to interpret and present the information since it allows to visualize the 

results dynamically according to the variables of interest. 

 

Once the data is imported to SPSS, the variables are declared, assigning to each one the name, type, value 

labels and measure (Ordinal, Nominal or Scalar). Subsequently, a descriptive analysis is performed for some 

variables, especially for those that allow us to understand the sociodemographic environment of the sample. 

This analysis includes the frequencies of nominal and ordinal variables. In the case of scalars, measures of 

central tendency and dispersion are obtained. Likewise, the chart that best suits to illustrate the results achieved 

(bar, circular and dispersion diagrams) is shown. 

 

The inferential statistical analysis is then performed. First, the Kolmogorov-Smirnov (K-S) test is applied, a 

non-parametric test that allows determining if any of the probability distributions (Normal, Uniform, Poisson 

or Exponential) fits the data of a variable. This allows knowing if they are parametric or not parametric, which 

facilitates the choice of tests that are implemented. Contingency tables are used to measure and analyze if there 

is an interaction between two ordinal or nominal variables. Taking into account the above, relationships are 

established between the parameters evaluated for a traditional simulation and a simulation with VR. 

 

https://drive.google.com/drive/folders/13LR_Udpur5Ul5mqO9fMUK_BD2Dk6ftNa?usp=sharing


To establish if there is a difference between the means of the groups of a dichotomous variable concerning a 

scalar variable, the Test-T or U Mann-Whitney is used depending on whether they are parametric or non-

parametric. Similarly, to evaluate the relationship between a scalar variable and a polytomous variable, the 

ANOVA or H test of Kruskal-Wallis can be used depending on whether the data to be compared follows a 

distribution. Finally, to determine if there is a difference between two related categorical variables, the Wilcoxon 

Sign Range Test is used. 

5. Results 

5.1. Specific objective 1 

5.1.1. Selected tools 

 

After having applied the surveys to the experts, the AHP methodology was implemented for the selection of 

the tools to be used, as shown in Appendix 3. The criteria comparison matrix shows that the most important 

component for hardware was availability (54%). In the case of software, the most important criteria were 

efficiency and usability with 37.5% each. The results obtained from the evaluation of each alternative are shown 

below: 

 

5.1.2. User manual and informed consent  

 

The user's manual sent to all participants prior to the simulation can be found in Appendix 4. Users were 

expected to read it to learn about the requirements, precautions and recommendations to be taken into account. 

Similarly, in Appendix 5, the informed consent form filled out by the participants on the day of the experiment 

can be seen. This was done in order to proceed with the data collection, completion of surveys and photographic 

record throughout the experiment. These documents signed by each participant can be consulted in Appendix 6. 

 

Criterion Availability Recognition Usability Immersion Total

Oculus Rift 2015 0,313 0,500 0,224 0,263 29,56%

HTC Vive 2020 0,313 0,167 0,130 0,558 34,78%

Google Cardboard 0,063 0,167 0,484 0,057 12,41%

Samsung Gear VR 0,313 0,167 0,161 0,122 23,24%

Weightly 0,540 0,047 0,138 0,275 100%

Criterion Efficiency Reliability Usability Portability Total

Unity 3D 0,643 0,643 0,380 0,643 54,48%

Unreal Engine 0,283 0,283 0,936 0,232 52,15%

Godot 0,074 0,074 0,082 0,084 7,82%

Weighting 0,375 0,125 0,375 0,125 100%

Table 3 - AHP methodology for Hardware 

Table 2 - AHP methodology for Software 

https://drive.google.com/drive/folders/158teisIMYj5NgLqflDUYp-Sm1UC5knWY?usp=sharing
https://drive.google.com/drive/folders/18tVJWsak2ooe3Tn8DtA-_iEhqLG2uM4S?usp=sharing
https://drive.google.com/drive/folders/1DMWNGcQ81IclNQhmt7FEiJRjhdWs8LNo?usp=sharing
https://drive.google.com/drive/folders/1ZA-SrXaZuGyZ2Ty89Mbbh5fWssHivOV-?usp=sharing


5.2.  Specific objective 2 

5.2.1. Virtual reality application 

5.2.1.1. Learning scenario 

 

Figure 7 shows the test scenario that was implemented for the users of the experiment. It consisted of three 

floors, two staircases located at the ends of the room, some tables and chairs on each of the levels. At the start 

of the application, the participant was located in a corner of the third floor. The participant had to walk up and 

down the stairs using the mobility instructions given to him/her before starting the test. During this phase, 

participants resolved their doubts in terms of handling the equipment and visualizing the scenario, understanding 

how their body position and view orientation integrates with the virtual environment. 

 

 

 

 

 

 

 

 

 

 

 

At the end of the simulation, the user was assessed to see if he/she felt dizzy or had a loss of balance. This 

was done in order to ensure that the participant was in optimal conditions for the development of the emergency 

application. In addition, for those who wore prescription glasses, they were allowed to decide whether they 

preferred to experience the simulation with or without them. Similarly, it was observed that none of the 

participants presented symptoms due to the immersion in virtual reality. It was also identified that they were 

able to understand how to operate the controls and the viewer. In addition, the average time from the time the 

participant started the experiment until the end of the test scenario was 10.68 minutes. The executable of the 

test application can be found in Appendix 7. 

5.2.1.2. Real scenario 

 

As mentioned in the methodology, the application consists of a walkthrough along the 14th and 11th floors 

of the engineering building. Figure 8 shows the comparison between the quality of the model obtained through 

Unity 3D and the real photos of the scenarios. Also, in image A, the terrace of the building can be seen, which 

corresponds to the initial point of the application, where seconds later the explosion can be seen. As mentioned 

before, the eastern stairs are obstructed by the fire, so the participants had to go down the stairs on the south 

side as shown in image C: 

 

 

 

 

 

 

 

 

 

 

 
(B) (A) 

Figure 7 - VR learning scenario 

https://drive.google.com/drive/folders/1IsgSUBIYUX9jXyFqOtETZ8DWObBcf-hg?usp=sharing


 

 

 

 

 

 

 

 

 

Once the participants descend the stairs on the south side, they must evacuate until they reach the 11th floor 

Figure 9. At this point, they are forced to enter because the route is obstructed by a structural object. Once they 

are on this floor Figure 10, they must walk along the corridor and experience the sensation of smoke until they 

reach the eastern stairs of the building, where the application ends with the 360° image of the viable meeting 

point. Appendix 8, contains the executable of the real application, in which the process described above can be 

observed together with the additional functions it has. It is important to clarify that this file is only compatible 

with computers and that the use of HTC glasses and all its complements is required for total immersion. 

 

5.2.2. Experimental protocol 

 

Appendix 9, contains the Experimental Protocol, which establishes the phases that were taken into account 

in the test, starting with the welcome and explanation, the VR simulation, and ending with the disinfection and 

completion of the final survey. Initially, it was envisaged that the execution of all the stages would take 45 

minutes, however, when the experiment was applied, on average the participants took 18.5 minutes. This 

difference can be explained by the fact that the time taken to set up the devices and remove them was shorter 

than anticipated. Similarly, the time taken by users in the VR evacuation drill was 73.1% less than stipulated in 

the protocol. 

 

Also, in this document, it was envisaged that the simulation would be applied to a convenience sample of 30 

people, taking into account the current pandemic situation. Nevertheless, by the time the tests were applied, 

conditions improved and the study population of 67 people was reached. 98.5% of the users who participated in 

the test stated in the final survey (Appendix 10) that all relevant biosecurity measures were complied with, such 

as social distancing, maximum capacity, disinfection of equipment and the permanent use of face masks. 

 

 

 

(D) (C) 

Figure 8 - Comparison between virtual model and real photographs 

Figure 9 - 11th floor stairs Figure 10 - Hallway 11th floor 

https://drive.google.com/drive/folders/1OM-P_pmxwRKl2SJZSkubphDCd9pqwzcg?usp=sharing
https://drive.google.com/drive/folders/1Q48GPox8z2r59fScPx-sf7SlgM2P4T_D?usp=sharing
https://drive.google.com/drive/folders/19e1IEOCuS3Mbgh6gYID78HADQE0s8LzF?usp=sharing


5.3. Specific objective 3 

5.3.1. Case of study 

 

 Initially, a sample size of 67 people was obtained, however, the experiment was applied to 68 participants. 

Figure 11 shows the socio-demographic description of the sample: 61.8% of the users belonged to the male 

gender and 38.2% to the female gender. Likewise, the ages ranged between 17 and 43 years, thus having 7 

intervals with a range equal to 4. As can be seen, the interval with the highest number of participants corresponds 

to the ages between 21 and 24 years, both for men and women. The above figures are due to the fact that 79.41% 

of the participants were undergraduate students, 16.18% belonged to the faculty's teaching and administrative 

staff, and the remainder were postgraduate students. It can be seen that the percentages obtained in the 

occupation variable are similar to the target population, since the aim was to make them similar to the data 

provided by the faculty. 

 

Within the sample, there were four brigades belonging to the teaching and administrative staff. Although two 

of them are external to the Faculty of Engineering, they are involved in OSH issues and provide the necessary 

support in any emergency. Figure 12 shows the integration of the users with the application and the 

corresponding VR equipment. Appendix 11, shows some of the users' sensations and reactions to this experience, 

which not only included sound and visual effects, but also sensory effects that made the participants feel even 

more immersed in the structural fire caused by the virtual fire. 

 

5.4. Specific objective 4 

5.4.1. Analysis of results 

 

The experiment was applied to a total of 68 people. Based on the information collected, a statistical analysis 

was carried out with the measured data and information obtained through the surveys (Appendix 12). This study 

Figure 11 - Socio-demographic description 

Figure 12 - Integration of users with the application 

https://drive.google.com/drive/folders/1GnQqId-BI1i015h_sRKmk99LVGSgy21z?usp=sharing
https://drive.google.com/drive/folders/12nSWhusbXFgUmqueiG_QsxysMyN-H5_l?usp=sharing


took into account 36 variables classified as follows: 5 scalar, 19 nominal and 12 ordinals. It should be noted that 

prior to the analysis, a data cleaning and transformation was carried out for the correct reading and conclusion 

of the data. Depending on their previous experience with the traditional simulations, the participants answered 

or did not answer all of the questions. 

 

The initial survey showed that all participants filled out the informed consent form, underwent a disinfection 

process and fulfilled the requirements established for admission to the university. With regard to traditional 

drills (evacuations, talks, conferences, videos), only 44.1% of users have taken part in them, which corresponds 

to a total of 30 people. These users rated their willingness to participate in a drill of this type, obtaining an 

average of 1.43, which is obtained on a scale of 1 to 5, where 5 represents strongly agree and 1 represents 

strongly disagree. The above represents a very low level of liking for this type of methodologies that have been 

implemented in the PUJ so far. Complementing the above, Graphic 4 shows the estimated number of traditional 

simulations that the participants have experienced. 

 

Besides, only 4.4% of users have participated in drills with different methodologies that correspond to field 

practices and real drills (fires, earthquakes, spills, among others). This percentage corresponds in its entirety to 

brigades, therefore, it is inferred that those who would intervene in these emergency scenarios have acquired 

good tools given that they are provided with a practical component in their learning. Furthermore, 97.1% of the 

participants had never experienced immersion in virtual environments. Thus, it was pertinent to present a 

learning scenario prior to the real application, in order to reduce any errors in the measurement due to lack of 

knowledge in the use of these VR tools.  

 

After the participants experienced the real application, the following perceptions were obtained based on 

what was documented in the final survey. All the participants consider that this type of simulation is important 

for the university and they would also like to participate again in training in emergency situations that involve 

methodologies such as the one proposed in this project. This is relevant to the study since, according to verbal 

testimonies of brigade members and teachers participating in the experiment, in traditional drills that have been 

carried out at the university, users do not have the relevant seriousness and in most cases not everyone evacuates 

the building. 

Graphic 4 - Number of traditional drills that participants have experienced 



For an evacuation drill, 97.1% of the participants preferred the training system as opposed to traditional 

methodologies. Furthermore, on a scale of 1 to 10, where 10 represents the highest satisfaction with the 

application, the average score obtained was 9.63 points. A sample standard deviation of 0.71 was obtained, 

which explains that most of the sample data tend to be clustered close to the expected value. This is evident in 

Graphic 5. As a result, the participants' welcome for integration with emerging technologies for the disaster 

prevention domain was demonstrated. Furthermore, they preferred the experiential immersion of the simulated 

emergency with VR tools. 

Subsequently, in order to measure the degree of agreement between the distribution of the data and a specific 

theoretical distribution, a goodness-of-fit procedure was performed using the Kolmogorov-Smirnov test. This 

test was applied to the scalar variables of the experiment (Age, Number of participations in a traditional 

simulation, Application time, Total experiment time and Simulation score), contrasted with the Normal, 

Uniform, Poisson and Exponential distribution. For this non-parametric test, a significance level of 0.05 is 

established with the aim of rejecting or not one of the hypotheses set out below to find a possible distribution 

of the variables under consideration: 

 

• H0: The analyzed data follows a D* distribution. 

• H1: The analyzed data does not follow a D* distribution. 

• D*: Normal, Uniform, Poisson or Exponential. 

 

For all of these variables, no p-value for each distribution was greater than the established significance, which 

implies that the null hypothesis (H0) of this test is rejected and the alternative hypothesis (H1) is true, therefore, 

the data analyzed do not follow a specific theoretical distribution. For the population analysis, confidence 

intervals were used to obtain the range in which the parameter is likely to lie. 

 

During the testing stage of the experiment, it could be noticed that there are several factors involved in the 

measured time. Some examples could be the quick reading of the participants, the communication with the 

researcher and possible differences in the time measurement. Therefore, in Graphic 6, the construction of the 

boxplot for this variable is presented. A central position or median value of 17.93 minutes, an interquartile range 

of 3.26 minutes describing 50% of the central data and 5 outliers greater than the upper limit of mild outliers 

were obtained. A confidence interval was used to determine the range to conclude the appropriate time to 

complete the protocol for this experiment. Therefore, with 95% confidence, it can be stated that the average 

time of the experiment is between 17.76 and 19.33 minutes. 

 

 

Graphic 5 - Score obtained from the virtual reality application 



   

 

On the other hand, as illustrated in Graphic 7, the average time it took participants to complete the actual 

application from the starting point to the meeting point was 4.04 minutes. The skewness, being greater than 

zero, denotes that the majority of participants' measured times are to the left of the mean, suggesting a lower-

than-average time. The Kurtosis coefficient shows that the data are distributed in a leptokurtic manner, therefore, 

there is a large concentration of values around the mean. With the above, it took the users approximately 4 

minutes to know the different evacuation routes of the building and the meeting point in case of emergency. 

Finally, the shortest time recorded was 2.14 minutes and the longest was 8.49 minutes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Since no scalar variable followed a normal distribution, the non-parametric Mann-Whitney U and Kruskal-

Wallis H tests were used to compare means with dichotomous and polytomous variables, respectively. The 

corresponding hypotheses are shown below: 

 

U by Mann Whitney 

 

• H0: Time is not different between the groups 

analyzed 

• H1: Time is different between the groups 

analyzed 

H by Kruskal-Wallis 

 

• H0: There is no difference between the groups 

analyzed 

• H1: There is a difference in at least two of the 

groups analyzed 

 

With a confidence level of 95%, a p-value lower than the significance level was obtained, so that the total 

time of the experiment and of the actual application is different for men and women. Thus, with a p-value equal 

Min 12.118 

Max 26.826 

Q1 16.508 

Q2 17.933 

Q3 19.774 

RI 3.266 

Mild atypical 

Min 11.608 

Max 24.675 

Extreme outliers 

Min 6.707 

Max 29.575 

Graphic 6 - Bloxpot total time of the experiment [minutes] 

Graphic 7  - Total simulation time 



to 0.002, the null hypothesis of the test is rejected. Consequently, the total time of the experiment for people 

who had previously participated in a traditional simulation is different from those who had not. This shows that 

factors such as gender and previous experience in traditional drills influence the speed with which the 

experiment unfolds. Finally, given the occupation to which the participants belonged, there was no significant 

difference in time between the groups analyzed. In conclusion, being a brigade member, teacher, administrative 

staff or student does not influence the time it takes the user to develop the entire experiment and the actual 

application. Table 4 shows the p-values obtained: 

 

Comparative Variables p-value 

Total Application Time 

Gender 0.002 

Participation in traditional simulation 0.100 

Occupation 0.328 

Total Experiment Time 

Gender     < 0.001 

Participation in traditional simulation 0.002 

Occupation 0.134 
Table 4 - p-values obtained in the tests 

It is important to take into account and analyze the learning component of the VR simulation. For this, before 

the simulation, users were asked to fill in the survey which was the meeting point in case of an eventual 

emergency situation. Similarly, the same question was asked of individuals after they had participated in the 

simulation. This was done in order to have the proportion of people who knew the correct meeting point before 

and after the application.  

 

44.12% of the respondents answered correctly before using the application. However, after participating in 

the simulation, 95.58% got the correct meeting point. This reflects a large difference in these proportions, which 

could be evidence of the high degree of learning in people after the simulation. However, for greater certainty 

in the analysis, McNemar's test was performed to compare whether these proportions have a statistically 

significant difference. The hypotheses are shown below: 

 

• H0: Knowledge about the meeting point did not change after the simulation 

• H1: Knowledge about the meeting point changed after the simulation 

 

A p-value equal to zero was obtained, which, being less than the significance (5%), reflects that the null 

hypothesis is rejected. It can be affirmed that the proportions of correct answers before and after the application 

are significantly different. Taking into account the above, it can be seen that there was a positive change in the 

users' learning after the simulation with respect to the knowledge of the meeting point of the engineering 

laboratory building. 

 

To evaluate the effectiveness of the simulation, the following components were analyzed: the realism of the 

simulation, the fear it generates, the interest it arouses in the users, how to act in an emergency situation and the 

motivation of the participants. All these variables were analyzed before and after using the application. The 

average score of the rating that the users answered in the surveys of the experiment was taken into account. It 

is important to note that this comparison is made with the 30 individuals who had participated in at least one 

traditional simulation. The Wilcoxon Signed Rank Test was used to compare the average score of the two 

moments (before and after).  The hypotheses of this test are presented below: 

 

• H0: The rating in component C* after running the simulation is equal 

• H1: The rating in the C* component after the simulation is not equal 

• C*: Realism, Fear, Interest, Knowledge or Motivation 

 



According to Table 5, given the significance level established, the only component that does not have a 

significant difference, taking into account the two moments, is fear. The p-values of the other components, being 

less than the significance level (5%), indicate that there is a difference between the mean scores collected. 

Furthermore, it is evident that the lowest mean score that users rated at the end of the simulation was fear. 

Therefore, this analysis reflects that the simulation generated a positive impact on people's perception for most 

of the components.  

 

Component Moment Average score p-Value 

Realism 
Before 2.97 

0.000 
After 4.26 

Fear 
Before 2.27 

0.116 
After 2.61 

Interest 
Before 3.37 

0.000 
After 4.74 

Knowledge 
Before 3.87 

0.047 
After 4.45 

Motivation 
Before 3.67 

0.002 
After 4.42 

         Table 5 - p-values obtained in Wilcoxon test 

Finally, several suggestions were collected from the participants at the end of the simulation. First, users 

expressed that they would like to be able to vary the speed at which they moved. Given the emergency 

conditions, if at some point the players felt the need to bend down, they could do so. Users also suggested that 

the virtual environment should include NPCs and more interaction with the different objects in the simulation, 

and that the signage should be more intuitive and clearer when it comes to evacuating the building. Likewise, 

some suggestions suggest the simulation of different disasters.  

 

Finally, based on the results obtained and the review of the existing literature, similarities were found with 

the project developed through the implementation of SG [1]. In this study, based on an assigned score, it is also 

concluded that there is a significant difference in the performance of men and women, and that the average score 

of men was better than that obtained by women. It was also observed that there is a positive influence on the 

level of users' interest in learning about disaster prevention. This behavior was repeated in the experiment 

conducted using HTC Vive in the simulation of a fire [23], in which more than 70% of the students believe that 

the use of a VR platform increases interest in learning and usefulness in training in emergency situations. In 

contrast to the present study, all the participants think that the simulation they experienced is important for the 

university and increases factors of interest, knowledge, motivation and realism compared to traditional 

methodologies. 

5.5. Analysis of the impact 

• Productivity 

 

So far, no evacuation drill has been conducted in the Engineering building due to the current contingency. 

However, according to figures provided by the OSH department, the last drill conducted at the university was 

carried out at the San Ignacio University Hospital, with the participation of the Faculties of Medicine and 

Nursing. This took around 42 minutes as shown in Figure 13. For this particular case, in terms of productivity, 

such simulation had a high impact since, when multiplying this time by the 628 people who participated in it, 

the result was 439.60 hours, equivalent to 18.32 days, during which people ceased to be productive in their 

environment.  



 
 

With the methodology proposed in this project, only the average of the total time of the real application 

would be taken into consideration, as the other activities carried out in the experiment were carried out with the 

aim of collecting information for the study and maintaining the safety of the participants. For the same number 

of people in the simulation carried out at the university, assuming that each person would take 4.04 minutes, we 

have an unproductive time equal to 42.29 hours, equivalent to 1.76 days. This is a discrepancy of 16.56 days. 

In conclusion, the large difference in the above measurements invites to rethink the evacuation methodologies 

used so far in the PUJ facilities.  

 

• Economical 

 

This is a factor closely linked to the previous one, as the time taken for the simulation will have an influence 

on the associated cost. Consequently, if a cost per hour elapsed is assigned, for example, taking as a reference 

$30,285 Colombian pesos, which is equivalent to the minimum daily wage stipulated in Colombia. And in 

financial terms, if the 628 people participating in the simulation were being paid a monthly minimum wage. 

With traditional methodologies, at least $554,821 would be spent, since it is a mandatory non-productive period, 

but with the methodology proposed, $49,970 would be spent, which represents a saving of $504,851. 

 

In addition, in traditional drills, the entire building in question must generally be evacuated and vacated, and 

the time involved not only affects the productivity of the people involved but also all the activities and processes 

that must be halted as a result of the drill. With the designed application, only a room of at least 10 square 

meters, the VR equipment and at least one power source are needed. In this way, it is not necessary to stop the 

entire operation while the training of the personnel is being carried out, thus incurring lower costs. Finally, for 

proper training, it was found that with only one researcher in charge, it was possible to perform the simulation 

for each participant. Therefore, with this methodology, the costs of the personnel in charge of disaster prevention 

drills are also reduced.  

 

• Health 

 

The implementation of virtual reality in evacuation drills, apart from the advantages and benefits already 

mentioned, can also contribute to the well-being, safety and health of people. This can be evidenced by the 

current contingency caused by SARS-CoV-2. To prevent contagion, one of the suggestions is to avoid crowds, 

which makes it impossible to conduct traditional face-to-face drills, thus demonstrating a notable advantage of 

the application of VR. Similarly, there is an opportunity to apply these tools in other fields that put people's 

Figure 13 - Data from the evacuation drill conducted in 2019 at PUJ 



health at risk, such as work with electricity, hazardous energies, in confined spaces and other areas of 

application. 

 

• Cultural 

 

Building a culture of prevention and emergency response is not a common theme, but it is vitally important. 

Perhaps, the probability of having to live through such a situation is minimal, however, being prepared or not 

to face such an adversity can make a difference in the severity of the consequences. This is why the application 

presented in this project is valuable, as it provides a new way to train and gradually generate that much-needed 

culture. It will also allow people to train in a short time, in a didactic way and, if desired, from home. In 

conclusion, in time, there will be no justification for not being trained in disaster prevention. 

 

• Technological 

 

As is well known, technology is currently experiencing exponential growth worldwide. According to the 

Bancolombia Group, between 2014 and 2019, the number of companies that make up Industry 4.0 increased by 

7.7% [25]. This, being a project based on the increase of emerging technologies, is part of the aforementioned 

boom. Thus, 97.1% of the people who participated in the experiment stated that they preferred this methodology 

over traditional simulations. Analyzing the above, it was evident that the majority of people liked to participate 

in simulations carried out with emerging technologies, due to their content and attraction. This project opens 

the doors to technology, and shows the great importance it currently has. It is important to continue to use 

technology in scenarios involving risks or situations that can be prevented. 

6. Limitations, Conclusions and Recommendations 

Being prepared for an emergency situation is essential to reduce the consequences generated by an 

unexpected disaster. Therefore, the objective of this project is to design a training system for the Pontificia 

Universidad Javeriana's community through virtual reality tools, which facilitate evacuation in the event of a 

structural fire at the new Engineering laboratory building. A learning scenario and evacuation application were 

created using Unity 3D software and HTC Vive Pro hardware. The simulation was developed as a serious game, 

with the purpose of generating a learning experience for the participants. For a greater immersion of the user, a 

sensation of heat was generated with the help of an electric heater. 

 

In order to have a significant proportion of the population, the experiment was applied to a sample of 68 

people belonging to the Faculty of Engineering. This number of people includes students, brigade members, 

teachers and administrative staff, however, it is suitable for any person who satisfies the requirements of the VR 

tools. With a confidence of 95%, it can be affirmed that the average time of the experiment is between 17.76 

and 19.33 minutes, this contemplates the duration from the welcome to the participant until the final survey is 

completed. Likewise, the average time of the emergency application is 4.04 minutes, which indicates that it 

contemplates the user's learning to know the emergency exits and the meeting point of the building. One of the 

results obtained shows that gender influenced the duration of the participants in the measured times, the 

respective averages show a longer duration of women in the experiment and in the simulation. 

 

The evacuation application developed compared to traditional drills shows, with a significance level of 5%, 

that factors such as the realism of the evacuation, motivation, knowledge and interest of the participants are 

different in comparison to the proposed methodology. For an evacuation drill, 97.1% of the participants 

preferred the VR training system over traditional methodologies, and the application obtained an average score 

of 9.63 points out of a possible 10. In addition, the results show a positive impact on factors such as: productivity, 

economy, culture, health and technology. This is due to the fact that the application can be carried out 



individually, the application time is flexible, it can be performed in a reduced space and it is not necessary to 

evacuate the building or stop the activities that are being developed. 

 

This project is limited to the design of a VR training system through the HTC Vive system, so the application 

is only compatible with this tool. This is due to the configuration and assignment made in the initial stages of 

the project, so it cannot be easily changed unless the appropriate programming is used. Another important 

constraint is the number of respondents. Although the required number was achieved, it was not possible to 

address a larger number due to the current SARS-CoV-2 contingency. This was due to the fact that the 

biosecurity protocols and the provisions of the Mayor's Office of Bogota limited the number and dates to be 

taken into account for the development of the project. 

 

This project is a breakthrough in disaster prevention education with Industry 4.0 tools and techniques. As 

recommendations, it is important to continue the incursion of this type of experiments for other types of 

disasters, such as earthquakes, tsunamis, chemical disasters, among others. A challenge that future researchers 

can take into account is the inclusion of NPCs in the simulation with VR. The interaction of NPCs with the user 

can generate more parameters to be analyzed, since crowding, blockages at exits and delays in evacuation times 

can occur. Also, the complete evacuation of the building can be included or cover more spaces and different 

types of buildings. 

 

Another recommendation that a project of this type can take into account is the incursion of more functions 

related to the participant, for example, interaction with objects on the stage, bending down to reduce the effect 

of smoke, among others. Likewise, it is important to adapt the simulation to other hardware and software tools 

to make these projects more inclusive. Similarly, to increase the accuracy of the statistical results of the 

experiment, it is recommended to increase the number of participants in the simulation. Finally, taking into 

account the comments and suggestions of the users, it is recommended to program changes in the speed of 

movement of the user and better signage in the building. All this in order to have a greater reach and impact of 

the use of VR for evacuation drills. 

7. Acknowledgments 

We would like to thank engineers Wilson Alonso Hernández Martínez and Christian Ricardo Zea Forero for 

their time and willingness to lend us the equipment and rooms used in the degree work. We would also like to 

thank the Center for Ergonomics Studies for the help provided, which facilitated the appropriate development 

of this study. To the professors Sebastián Alberto Peláez Gómez and Luis Andrés Saavedra Robinson for their 

work as tutors during which they have demonstrated not only great knowledge, but also comprehension and 

empathy without which the work would not have been possible. Finally, to all those who participated in the 

experiment despite all the conditions and restrictions that were occurring in the country. 

8. Glossary 

Below are the most relevant set of concepts for the development of this project, and their respective 

definitions: 

 

Augmented Reality: It is the union of the real and virtual worlds to create new conditions for the image, where 

physical and digital objects coexist and interact in real-time [26]. 

 

ELC methodology: Kolb's Experiential Learning Cycle (ELC) works on two levels: a four-stage cycle of 

learning and four separate learning styles.  Much of Kolb’s theory is concerned with the learner’s internal 

cognitive processes [27]. 

 



Evacuation Drill: It is defined as the action of orderly and planned to vacate a place and is performed by 

occupants for safety reasons in the face of a potential or imminent danger [28]. 

 

HMD: A head-mounted display (HMD) is a type of computer display device or monitor that, as the name 

implies, is worn on the head or is built in as part of a helmet [29]. 

 

NPC: A Non-Player Character (NPC) is a video game character that is controlled by the game's artificial 

intelligence (AI) rather than by a gamer. Non-player characters serve a number of purposes in video games, 

including: as plot device, for assistance and often serve as save points, item stores, health regeneration points 

and so on [30]. 

 

Serious Games: Serious game is a recreational exercise based on real scenarios, where a role is assumed in the 

real or virtual world, to obtain learning or awareness about a particular problem [31]. 

 

Simulation: It is a method of approaching reality. Its usefulness is manifold, especially for educational, training 

and research purposes [ Bolton as cited in 35]. 

 

UNGRD: Short of The National Unit for Disaster Risk Management directs the implementation of disaster risk 

management, taking into account sustainable development policies, and coordinates the operation and 

continuous development of the national system for disaster prevention and response – SNPAD [33]. 

 

Unity 3D: The availability of game engines such as Unity3D provides a quick way for prototyping 3D scenarios 

and performing experiments to elicit human behavior in such emergency situations [11]. 

 

Virtual Reality: It is a computer simulation that can be experienced as a physical place and that interacts with 

the user’s senses to create an alternative reality [34]. 

9. Appendix 

Appendix Concept Description 

1 Software and Hardware Survey  

Survey applied to the experts to make the choice of software 

and hardware. 

2 Preliminary Survey  Initial survey applied after signing the informed consent form. 

3 Choice of tools 

Development of the AHP Methodology for hardware and 

software selection. 

4 User profile User manual sent to participants by e-mail 

5 Informed Consent Form  

In this hyperlink, you will find the informed consent form used 

in the experiment. 

6 
Informed Consents signed by 

each participant 

Informed Consent of each participant signed and a compendium 

of the same. 

7 Learning scenario  

Executable learning scenario and a short video demonstrating 

user mobility in this environment. 

8 VR application  

The executable of the simulated emergency situation and a 

video showing the route to be followed by each participant to 

reach the meeting point are presented. 

https://drive.google.com/drive/folders/1dYipwKiSSLg0ljOVj7SBkB7GW9yNh__0?usp=sharing
https://drive.google.com/drive/folders/13LR_Udpur5Ul5mqO9fMUK_BD2Dk6ftNa?usp=sharing
https://drive.google.com/drive/folders/158teisIMYj5NgLqflDUYp-Sm1UC5knWY?usp=sharing
https://drive.google.com/drive/folders/18tVJWsak2ooe3Tn8DtA-_iEhqLG2uM4S?usp=sharing
https://drive.google.com/drive/folders/1DMWNGcQ81IclNQhmt7FEiJRjhdWs8LNo?usp=sharing
https://drive.google.com/drive/folders/1ZA-SrXaZuGyZ2Ty89Mbbh5fWssHivOV-?usp=sharing
https://drive.google.com/drive/folders/1ZA-SrXaZuGyZ2Ty89Mbbh5fWssHivOV-?usp=sharing
https://drive.google.com/drive/folders/1IsgSUBIYUX9jXyFqOtETZ8DWObBcf-hg?usp=sharing
https://drive.google.com/drive/folders/1OM-P_pmxwRKl2SJZSkubphDCd9pqwzcg?usp=sharing


Appendix Concept Description 

9 Experimental Protocol 

Experimental protocol submitted to the Research and Ethics 

Committee of the Faculty of Engineering. Endorsement 

document for the execution of the experiment 

10 Final Survey 
Final survey applied at the end of the implementation of the VR 

application. 

11 Multimedia files  Photos and videos of some participants during the simulation 

12 Data analysis and visualization  

Results obtained after analysis of the data in SPSS and 

visualization of the data using PowerBI 

13 Folder of Appendix  Main folder contains all the attachments mentioned above. 
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