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Abstract
During a catastrophic event, the ability of the personnel responsible for responding to such an 
event is due not only to a pre-existing knowledge or ability, but also to the degree of familiarity 
with the scenario that must be faced. Especially in the case of high-impact but potentially unlikely 
events, an appropriate response is based on the fact that staff are able to perform their assigned 
tasks with precision, and to coordinate efficiently with other operators. Psychological effects of 
stress due to having to face a situation to which the staff is unfamiliar can have a significant 
impact on performance, thus leading to a degradation in the effectiveness of the intervention and 
the consequent loss of human life. The recent development of technologies in the field of virtual 
reality and augmented reality has made available a new level of interaction between people, 
generating new ways of communicating and transmitting knowledge, which can strongly improve 
emergency operators training effectiveness. The simulated reality environments can offer all the 
characteristics of conventional training techniques by reducing costs and development times of real 
exercises. In a virtual reality simulation, players can communicate, move from one point to another in 
an immersive 3D digital environment, perform manual actions, work on machineries, drive vehicles, 
interact with objects, events and other players hosted in the environment, everything in real-time. 
Each character is able to see the other players and their actions and can react by taking other 
actions, within a digital scenario that reproduces the real environment with a high level of fidelity. 
The simulations can be controlled by the figure of the “masters” (instructors) who can remotely 
follow all the actions performed by the operators who are carrying out the virtual simulation, 
create localized events (such as the breaking of a pipe, or the exhaustion of a material necessary 
for industrial processes) or introducing new critical issues such as an interruption of the electrical 
or telephone lines. Virtual training systems also allow and facilitate the collaborative training of 
geographically distributed personnel; for example, virtual simulation can provide a consistent and 
synchronized training platform in the event of natural disasters such as earthquakes and hurricanes 
that require a geographically distributed response; in addition, a virtual reality system can make it 
possible to verify the efficiency of an emergency plan, thus identifying gaps and aspects that need 
to be improved. It thus emerge a strong need to explore the potential of this evolving technology, 
creating innovative application case able to demonstrate all it potential in improving emergency 
operators training.
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1	 Introduction

The recent development of technologies in the field of virtual reality and augmented 
reality has made available a new level of interaction between people, generating new 
ways of communicating and transmitting knowledge.
The term Virtual Reality (VR) refers to a combination of technologies able to immerse 
the user in a simulated 3D digital environment, and to generate interaction mechanics 
through which the user can interact with the environment and with other users.
For example, in a virtual reality simulation, players can communicate, move from one 
point to another in an immersive 3D digital environment, perform manual actions, work 
on machineries, drive vehicles, interact with objects, events and other players hosted in 
the environment, everything in real-time. Each character is able to see the other players 
and their actions and can react by taking other actions, within a digital scenario that re-
produces the real environment with a high level of fidelity. The simulations can be con-
trolled by the figure of the “masters” (simulation governors) who can remotely follow 
all the actions performed by the operators who are carrying out the virtual simulation, 
create localized events (such as the breaking of a pipe, or the exhaustion of a material 
necessary for industrial processes) or introducing new critical issues such as an inter-
ruption of the electrical or telephone lines.
The term Augmented Reality (AR) instead refers to a combination of technologies ca-
pable of “increasing” reality by generating digital content that the user perceives as an 
integral part of their perspective, superimposed on real reality.Augmented reality can 
be useful for example to know more details about an object, identify a path, design sys-
tems in a certain context of spaces and furnishings, view the profile of a distant person 
as if in the same environment in which the user is.

Figure 1. Virtual Reality Simulation - Car accident with fire development 
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During a catastrophic event, the ability of the personnel responsible for responding to 
such an event is due not only to a pre-existing knowledge or ability, but also to the 
degree of familiarity with the scenario that must be faced. Especially in the case of 
high-impact but potentially unlikely events, an appropriate response is based on the 
fact that staff are able to perform their assigned tasks with precision, and to coordinate 
efficiently with other operators. Psychological effects of stress due to having to face a 
situation to which the staff is unfamiliar can have a significant impact on performance, 
thus leading to a degradation in the effectiveness of the intervention and the conse-
quent loss of human life.
Efficient training is a key point in preparing for emergency management. The quality, 
consistency and frequency of training are key elements in the preparation of operators. 
On the other hand, if the importance of training is clearly recognized, there are factors 
that hinder its diffusion: the time required, costs and safety limits. These factors se-
verely limit the possibility of adequately training “public safety” operators, and this is 
particularly evident in cases of large-scale mobilization where the preparation of opera-
tors can heavily affect the quality of the intervention.
Furthermore, the training scenarios for disasters and natural disasters, in order to be 
realistic and adequately represent the dynamics of an emergency situation, should in-
corporate a series of “critical” elements, such as:
-- the presence of numerous victims and trapped civilians, often in situations of panic;
-- the presence of damage to structures, which progressively evolve, or to assets (eg 

works of art);
-- the presence of fumes and toxic substances;
-- the presence of visual and auditory impediments for operators;
-- the possibility to train even in contexts that are not normally accessible (eg areas of 

historical, cultural or environmental value) and in times when there may be difficul-
ties (eg in winter the firefighters may encounter greater difficulties in exercising with 
the hydrants as the water is subject to freezing);

-- the certainty of not interfering with the normal functionality of the structures (e.g. 
closure of traffic to practice in a tunnel);

-- the certainty of a weather suitable for the risk situations represented (eg wind, 
clouds, etc.).

Including these elements in the training scenario can be costly, dangerous, and in some 
cases impossible.
A virtual reality scenario, on the other hand, can approximate these elements, maintain-
ing all the advantages of a controlled simulation environment. In this way it is possible 
to train staff to respond to particularly stressful real conditions, thus improving the abil-
ity to make decisions in critical conditions.
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Figure 2. Virtual Reality Simulation – First responders saving a intoxicated victim

The recent improvement of virtual reality technologies has made it possible to repre-
sent in an increasingly realistic way the situations for which you want to train the staff, 
thus becoming an alternative form of training to the conventional one.The simulated 
virtual reality environments can therefore offer all the characteristics of conventional 
training techniques by reducing costs and development times of real exercises. Train-
ing based on virtual reality technologies for the simulation of catastrophic events can 
be sized according to the specific use and the organization that decides to adopt virtual 
reality for training. For example, virtual scenarios can be developed to provide the user 
with instant feedback on the inputs received (as in the case of the organization of tri-
age for the management of natural disasters); in addition, a virtual reality system can 
make it possible to verify the efficiency of an emergency plan, thus identifying gaps and 
aspects that need to be improved.
Virtual training systems allow and facilitate the collaborative training of geographically 
distributed personnel; for example, virtual simulation can provide a consistent and syn-
chronized training platform in the event of natural disasters such as earthquakes and 
hurricanes that require a geographically distributed response.
Traditional teaching methods such as slide presentations can be easily incorporated into 
virtual simulation systems, thus making them accessible in a new form. While the ben-
efits that a virtual simulation system can convey to the user in terms of visual stimuli 
are evident, it is also important to underline the advantage in terms of acoustic stimuli 
that can be inserted into virtual environments.
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2	 Benefits vs Limits

Compared to traditional training, virtual reality-based training systems therefore have 
a number of advantages. From an environmental point of view, it is easy to present 
realistic life scenarios that incorporate other users; in addition, it is possible to man-
age user inputs to provide feedback in real time. By populating the simulated avatar 
environments (representation of users in the virtual world) it is possible to provide the 
trainee with immediate feedback. Behavior modules can be assigned to various avatars 
to manage the decisions made by the personnel being trained.
Virtual reality systems also allow you to calibrate the level of difficulty according to the 
degree of preparation of those who must be trained. During the training it is possible to 
interact both with objects that make up the virtual environment and with other partici-
pants in the training; the interaction between participants (real and virtual) can take place 
through text and / or voice communication, also allowing the simulation of different cul-
tural and socio-economic scenarios. The virtual simulation can be frozen (paused) allow-
ing instructors to discuss with the trainee how best to deal with unexpected events. If 
necessary, the exercise can be repeated, introducing a series of variations controlled by 
the instructor. Environmental features can be easily incorporated: buildings, vegetation, 
humans and sounds are just some of the elements that can be incorporated. Virtual sce-
narios such as the creation of safety zones within urban areas with a high population den-
sity can be easily created, in spite of real large-scale exercises that would often require too 
much time and cost. These latter aspects are among the major benefits of virtual training 
systems: real exercises can require costs that are beyond the reach of most administra-
tions. Virtual reality offers a valid alternative by incorporating adequate realism at a frac-
tion of the costs that real exercises would have. Furthermore, the flexibility of the virtual 
scenario allows to simulate different conditions, thus allowing to evaluate the possible 
results in the face of different simulation conditions.
Finally, the digital nature of virtual simulations can allow data to be archived for later 
study and evaluation. This can be an additional added value in the case of emergency 
management, as it allows us to better understand behavioral phenomena and there-
fore to prepare improved training procedures. It is important to remember that virtual 
reality must be seen as a complement to traditional training methods and not as a pure 
substitute.
Also, AR / VR technologies are able to significantly increase the efficiency of communi-
cation and training processes, in particular through the following mechanisms:
-- more effective learning compared to normal methods (“living” the situations people 

remember the notions more easily);
-- reduction of costs, since the use of digital content does not require the use of ma-

terials, the relocation of people and / or vehicles, and in the case of complex train-
ing processes (eg exercises for emergency operators) greater degree of replicability 
(even two-three times a day);
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-- applicability to any sector and context: digital scenarios can reproduce any type of 
environment, objects, effects, etc. and be calibrated on the basis of the specific needs 
of the context, the type of training and / or learning attitudes of the users, with the 
possibility of inserting elements of difficulty in real time to test the reaction times of 
the candidates with respect to sudden situations;

-- elimination of geographical barriers: thanks to the possibility of using AR / VR con-
tents remotely, users can interact even from geographically distant places, experi-
encing the same situation together and interacting with it. This aspect generates a 
very high series of possibilities, for example Italian civil protection operators could 
conduct daily exercises and experiment with new intervention protocols with the civil 
protection of any other state;

-- simultaneous interconnection of many users: AR / VR technology combined with 
the internet makes it possible to create multi-player scenarios where multiple us-
ers interact with each other in an immersive digital environment. This is an element 
capable of generating new logics for the planning of training processes (training “on 
the field” in a digital environment, the possibility of training several operators at the 
same time and strengthening the coordination mechanics of the teams);

-- automatic evaluation of “errors”: having the ability to record movements in space, 
each user can be constantly tracked in every action. This makes it possible to cre-
ate automatic error evaluation algorithms, giving indications to constantly improve a 
given physical action or procedure, both individually and in a team.

On the other hand, those technologies still present significant limits. Example of these 
limits are:
-- Problems of motion sickness (vertigo), which depends of graphic quality, speed 

of moving the frame, imposed movement mechanisms in the digital environment 
(shifting, armswing, legswing, free movement, etc.)

-- Inability to reproduce other senses (heat, smell, etc.) that are part of the reproduced 
scenario.

We must always remember that a virtual environment does not replace a real scenario 
in its entirety: it does only in a percentage, around 30-40 % (environments, actions, co-
ordination between people). However, a virtual exercise can be repeated many times, at 
very low cost. The operators therefore learn perfectly how to move on some difficulty 
components of the challenge. When the real exercise is then carried out, the operators 
can work directly on the new elements of difficulty (heat, weight, smells, etc.) starting 
from a full mastery of all the other elements.
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3	 Research opportunities

AR / VR technologies, whose development is constantly growing, open up an infinite 
series of potential applications. Example of possible lines focusing on DRR Sector and in 
particular on the Training of emergency operators, are: 
-- VR: Design of new modes of movement in a digital environment;
-- VR: Design of interactive virtual tours (“game book” style) for training purposes;
-- AR: design of AR content to support physical and digital interactions capable of guid-

ing on-the-job learning of manual procedures (eg hooking up a hose, choosing the 
right tool, etc.);

-- VR / AR: Definition of innovative gamification algorithms (connection with SAFE net-
work)

-- VR / AR: Design of new tools and systems for representing the most recurring needs 
in a digital environment (tracking of companions, dialogues, writing, reporting, geo-
referencing, management of objects and inventories, etc.);

-- VR / AR Design of technological platforms to support the exercises, and refinement 
of training protocols to allow you to maximize the efficiency of the VR and AR com-
ponents;

-- VR / AR: Design of innovative algorithms for the evaluation of candidates (scores, 
calculation, reporting).

4	 Conclusions

The recent development of technologies in the field of virtual reality and augmented 
reality has made available a new level of interaction between people, generating new 
ways of communicating and transmitting knowledge, which can strongly improve emer-
gency operators training effectiveness. 
Virtual and Augmented reality technologies have demonstrate to have a number of 
strategic advantages when they are used to train operators, including more effective 
learning, reduction of costs, applicability to any sector and context, elimination of geo-
graphical barriers, simultaneous interconnection of many user, automatic evaluation of 
“errors”. As those technologies are constantly evolving and changing, the development 
of research initiatives aimed at identifying, evaluating, initiating and carrying out their 
potential appears to be of high strategic importance, capable of generating strong in-
novation on the territory.
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