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to the use of game design elements into a non-game context to 
increase engagement while learning [4]. Each scenario was set 
in order to ask users to “level up”, reaching given instructions 
on how to carry the task out. 

B. Workflow 

The methodology workflow for each scenario was the 
same and was based on four main phases: Data collection, 
Data processing, Data visualization and Data output (Fig. 1). 

First of all, a data collection was performed in order to 
understand the available data to perform such simulations. 
After having identified the topic, the next step was to define 
the three scenarios, getting information on such situations. For 
instance, in the first case the data collection gathered 
necessary information on how to simulate the fire and 
available timing to escape. Such data is retrieved from 
previous works developed on the case study. As far as the 
event of a firearms or weapons attack is concerned, the UK 
National Counter Terrorism Security Office offers a lot of 
materials, such as videos and leaflets with instructions to 
follow. The second scenario, instead, is referred to the use of 
BLS techniques to offer assistance to a person in danger. This 
phase was considerably time consuming, because it involved 
the setting of three virtual environments instead of just one 
and the definition of “training instructions” for each scenario.  

Data processing involved the transformation of collected 
instructions into a VR environment; at this step the model was 
developed towards the aim of defining a realistic environment, 
which could make feel the user at ease. For this reason, the 
model of the underground station, developed within a digital 
parametric platform, was exported in Autodesk 3ds Max to 
apply textures and to correct possible graphical mistakes. 
Once this operation was finished, lights and adjustments have 
been performed in the cross-platform game engine Unity. At 
this point, four different scenes were defined: 

• The starting phase, a scene in which users can 
navigate the model in order to become familiar 
with the VR environment, spaces and moving 
tools. After about three minutes the user is 
automatically redirected to another scene in which 
three objects are flashing; by approaching one of 
this objects one of the three scenarios described 
below is activated; 

• The first scenario, in which the user, thanks to the 
instructions that appear within the display device, 
has to escape from the fire; in this case a 
countdown timer appears, so the user can check 
the time left to escape; 

• The second scenario in which there is a person 
who needs help because of a heart attack, so the 
user is given a list of actions to do before rescues 
arrive. In this case a real tutorial in steps is 
visualized within the display device; 

• The third scenario in which a suspicious person 
suddenly starts shooting, so the user has to follow 
the instructions that appear in order to stay safe 
and escape from the situation. 

Data visualization is related to the choice of technologies 
to implement in order to better experience the VR scenarios. 
In this case, the Virtualizer technology was tested together 
with HTC VIVE. The Cyberith Virtualizer is a locomotion 
platform for virtual reality that enables full movement in 
virtual environments; it is used mainly for professional 
training and VR simulations because of its precise motion 
tracking system [5]. Using the Virtualizer it was possible to 
track users’ physical walking movements, by calibrating 
settings of the platform itself. HTC VIVE have been combined 
in order to give users the chance to be part of the VR 
environments, adding a level of interaction; using HTC VIVE 
controllers in the second scenario it is paramount to complete 
the tasks. 

Data output is related to the results of the whole process; 
training scenarios are implemented on the basis of the data 
collection and processing. Once the training is completed, it 
can be tested on a sample of people in order to assess the 
effectiveness of such application; the results are the output of 
the research carried out, which can be developed in further 
activities, comparing scenarios and different technologies. 

III. RESULTS 

A. Scenario 1 

In the first scenario, it is possible to compare results from 
Fire Safety Engineering (FSE) simulations with the virtual 
experience. For instance, in FSE the most important 
parameters to take into account in order to perform 
simulations are the Available Safe Escape Time (ASET) and 
the Required Safe Escape Time (RSET). ASET is the time in 
which it is possible to escape, so it refers to the time between 
the starting of the phenomenon and the moment in which the 
attendance of the environment is no longer sustainable for 
people. The RSET is the time necessary for escape and it is 
strictly related to the conditions in which the escape takes 
place. Of course, there is a safety margin, because of 
uncertainty in defining parameters used for the evaluation. 
Knowing these parameters, it is paramount that ASET < 
RSET. The same parameters valid for FSE simulations have 
been set for the simulation in VR, so within the environment, 
the countdown (Fig. 3) showing the seconds left to escape is 
realized on the basis of the RSET, which was previously 
calculated using specific simulation software. The instructions 
in this case are related to the escape route to follow; the user 
have to achieve the safe point as soon as possible considering 
possible given obstacles.  

Fig. 1: Methodology workflow 



In particular, in this scenario, anomalous behaviors have 
been observed from testers; for example, going backwards and 
changing direction several times with respect to the initial 
phase showed indecision in which route to follow. This 
highlighted users’ need to correct the path from time to time, 
defining step-by-step the most effective escape route.   

B. Scenario 2 

The second scenario is more static and requires the use of 
controllers to perform specific activities appearing on the 
screen close to the scene. The instructions are divided in four 
main steps and namely: Check for danger, which means that 
all objects close to the person have to be removed; Ask for 
response, to check if the person is breathing or not; Call for 
help, on the right of the person there is a phone, by calling the 
first aid number a tutorial on how to give cardiac massage 
appears; Start Cardiopulmonary resuscitation (CPR), after 
having read instructions on how to perform it. Each step has 
to be performed in order to “level up”, in fact each button have 
to be green in order to confirm the success in performing that 
specific action (Fig. 4).  

C. Scenario 3 

The last scenario obtained involves the simulation of a 
firearms or weapons attack; at first a suspicious person is 
identified, so the first message is related to the observation of 
this person who is loitering in the underground station; at this 
point the message “If behavior of someone is suspicious, act 
without delay, report it to the police”, so the user is 
recommended to call the police. The second message is related 
to the advice to go away from that place; after a while bangs 
and people shouting suggest something happened. The next 
steps, which appear as instructions within the display device, 
are the following: Escape if you can, by considering the safest 
options if there is a safe route then run, trying to insist others 
leave with you and leaving your belongings behind; If you 
cannot run, then Hide, try to find a place, a room where to hide 
with reinforced walls to protect from bullets and lock yourself 
in, be quite, silence the phone and turn off vibrate; the last step 
is Tell, when reached the point suggested by instructions it is 
time to call the police and report the police location, direction, 
descriptions etc. Every time a task is completed the user has 
to check the related button, so it is possible to check which 
tasks are finished correctly. 

IV. CONCLUSIONS AND FURTHER DEVELOPMENT 

The output of the current research shows that developing 
VR applications is useful not only for professional training, 
but also to study and analyse human behaviors in particular 
unexpected situations. Thanks to VR it is possible to test 
human behavior through simulation scenarios that can provide 
a reliable representation of generic dangerous situations. In 
fact, several testers reported the effectiveness of such training 
in the different scenarios that involved a stress condition, 
because the proposal of an emergency situation through VR is 
recognized by users as a real emergency, that makes strongly 
feel the danger to which it is connected. 

In fact, once immersed in the virtual environment through 
the HTC Vive viewers and the platform, the user can modify 
the walking speed and the interactions that different scenarios 
offer using virtual buttons. Using these two technologies 
combined (HTC Vive and Cyberith Virtualizer) makes it 
possible to realistically simulate the movements during an 

Fig. 3: Scenario 1 - Fire simulation 

Fig. 4: Scenario 2 - First Aid techniques 

Fig. 2: Scenario 3 - Suspicious person 



emergency situation. By carrying out preliminary tests, the 
authors chose to insert an initial scene of “familiarization” 
with the VR environment, which allowed to refine the actions 
and to control in detail the psycho-physical behavior of the 
user. In order to test the efficiency of the system, it would be 
interesting to install within strategic premises, some stations? 
where the user can explore the place in the different 
emergency situations. Currently the viewers for the VR 
produce motion sickness, especially for the less experienced. 
For this reason, the choice to create a scene of settings in 
which the user can familiarize himself with the tools and 
communicate any problems in a short time is very useful to 
test the best training solutions. In future developments, a 
questionnaire can be used to evaluate the motion sickness 
during the virtual experience and to better set the walking and 
focusing parameters of the buttons. 

By connecting different users with multiple viewers and 
platforms, it is possible to control at the same time the 
reactions that can be generated during the three scenarios. It is 
also possible to define which of the three moments of danger 
is the most critical, to the point of not reaching the goal 
through the wizard. It is possible to collect the number of times 
the user makes the same mistakes, in order to generate a 

database useful to modify the procedures and simplify the 
paths to reach a safe place.  

The limits of the research are related to test scenarios on a 
sample of miscellaneous people, which will be further 
developed. In general, such training could be interesting to 
study the approach of different kind of people, with different 
ages, anxious or not, to unexpected situations that could make 
people uneasy. In further studies, the psychological processes 
that emerge during a dangerous situation will be evaluated: for 
example, the reaction to the situation and the unexpected, the 
general evaluation of the virtual experience, the behavioral 
expectations and the reactions influenced by the crowd. The 
main for this focus was on the overall scenarios, so less 
attention was payed to the setting of each scene; by testing 
applications on users further development to improve the 
efficiency of given instruction will be implemented. Thanks 
to the opinion of users also technologies involved within this 
experience are going to be analysed and compared with others, 
in order to reach the best result in terms of performing. 

ACKNOWLEDGMENT  

The authors would like to thank Lombardi Ingegneria Srl 
for the fund of the PhD scholarship during which the model of 
the underground was developed. Authors also thank 
VR@polito and drawingTOthefuturelab for the provision of 
technologies necessary for the research. 

REFERENCES 

[1] D. Manca, S. Brambilla and S. Colombo, “Bridging between Virtual 
Reality and accident simulation for training of process-industry 
operators”, Advances in Engineering Software, Elvesier, Volume 55, 
pp. 1-9, January 2013.  

[2] A. Shendarkar, K. Vasudevan, S. Lee, Y-J. Son, “Crowd simulation for 
emergency response using BDI agents based on immersive virtual 
reality” , Simulation Modelling Practice and Theory, Elvesier, Volume 
16, Issue 9, pp. 1415-1429, October 2008. 

 

[3] A. Shendarkar, K. Vasudevan, S. Lee, Y. Son, “Crowd Simulation for 
Emergency Response using BDI Agent Based on Virtual Reality”, in 
Proceedings of the 2006 Winter Simulation Conference, 3-6 Dec. 2006.  

[4] S. N. M. Mohamad, N.S.S. Sazali and M. A. M. Salleh, “Gamification 
Approach in Education to Increase Learning Engagement”, 
International Journal of Humanities, Arts and Social Sciences,  Volume 
4, Issue 1, pp. 22-32, February 2018. 

[5] Cyberith. (2019). Virtual Reality Locomotion for Professionals and 
Business [Online]. Available: https://www.cyberith.com/

 

 

  

https://www.sciencedirect.com/science/article/pii/S1569190X08001433#!
https://www.sciencedirect.com/science/article/pii/S1569190X08001433#!
https://www.sciencedirect.com/science/article/pii/S1569190X08001433#!
https://www.sciencedirect.com/science/article/pii/S1569190X08001433#!
https://ieeexplore.ieee.org/author/37271712500
https://www.cyberith.com/

