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Abstract 
Medical emergencies can occur anywhere. Children and youth are vulnerable to accidents requiring first aid assistance, despite 
caregivers are often untrained. An efficient way to teach first aid is through medical simulation so that trainees can familiarize 
with procedures in a riskless environment. Research studies showed that simulation is more effective if it takes place in a realistic 
environment. Within this framework, the Center of Advanced Simulation of the University of Genoa, Italy takes part in a 
multidisciplinary project aimed at promoting first aid awareness among students and teachers of European compulsory schools. 
The project which includes training activities and research lead to a mixed-reality first aid training application which combines 
a manikin with a virtual reality application, allowing trainees to perform lifesaving tasks in an immersive scenario. Specifically, 
it can be effective to learn manual and communicative skills during a first aid emergency, being also suitable for debriefing and 
assessment. Altogether this work aimed at defining an applicable and way to teach first aid skills, particularly focusing on 
European schoolteachers and students, with the ultimate goal to increase the rate of people with first aid training.  
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1. Introduction 

First aid consists in the immediate assistance that an 
injured person should receive, in order to preserve life. 
In fact, first aid is often performed by a person with 
basic medical training while waiting for professional 
help. Currently, workplaces must have first aid kits, as 
well as first aid officers who take training courses. 
Despite that, the level of first aid training in Europe 
widely varies across countries  (Heard, Pearce, & 
Rogers, 2020). In general, northern countries have a 
higher rate of trained people which ranges from 95% in 

Norway, 80% in Austria and Germany, to 75% in 
Iceland. Conversely, in the rest of the European Union 
(EU) the range is as low as 5-10% of the population 
(IRFC health and care department, 2009).  

Medical emergencies can occur anywhere; as an 
example, more than twelve thousand children die 
yearly in the United States from an unintentional injury 
(0.02% of all the children 0 to 19 years of age). The 
leading causes of injury deaths are mainly: suffocation 
for children less than 1 year of age; drowning (1 to 4 
years of age); accidents (5 to 19 years) (Borse et al., 
2008). These data suggest that children and youth are 
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vulnerable to injuries and accidents requiring first aid 
assistance, despite caregivers may not be trained. In 
particular, students spend a large amount of time in 
schools, also playing sport and extracurricular 
activities which may result in injuries. Therefore, 
teachers are often the main caregivers who need to be 
properly trained in first aid management, life-saving 
maneuvers and communication skills with both 
paramedics and the injured person (Mamatha, Bhat, 
Prakash, Sumalatha, & Ankolekar, 2020). Interestingly, 
research studies reported that schoolteachers are often 
untrained, resulting in poor and incorrect practices 
associated with injuries and illnesses (Dale, 1969).  

Recently, Italy acknowledged that first aid training 
should start in primary school and for this reason, in 
2017 it issued the “Guidelines for the implementation 
of training activities on first aid techniques” which led 
to the project “First aid in School” promoted by the 
ministry of education and the emergency system (SET 
118). 

1.1. State of the art 

Currently, first aid training courses involve practical 
sessions, so that non-specialized trainees can 
familiarize with first aid procedures and learn by 
doing, which has been demonstrated being more 
effective than theoretical sessions (Dale, 1969). In this 
context, medical simulation plays an important role in 
the learning process, as it allows to build a background 
based on riskless and controlled experiences (Gaba, 
2004). Indeed, First Aid training is one of the main 
educational thematic areas in which medical 
simulation is widely used and has shown great 
efficacy. Furthermore, recent studies have shown that 
in order for the simulation to be effective, the whole 
environment in which it takes place has to be realistic 
and immersive. In other words, medical simulation 
works better if the overall experience of the user is 
realistic and emotionally engaging (Fernandez et al., 
2012; Peyre, Peyre, Sullivan, & Towfigh, 2006; Zeng, 
Woodhouse, & Brunt, 2010). 

2. Materials and Methods 

For all the reasons mentioned in the previous sections, 
the University of Genova, Italy, set up the Simulation 
and Advanced Education Center (SimAv), which is 
organized as a clinic with an operational room, patient 
and treatment rooms and skill labs. Simulation rooms 
are provided with medical equipment, hospital beds, 
and audio-video systems for simulation sessions 
recording and debriefing. Training activities take 
advantage of the newest and most sophisticated 
technologies available in the field of medical 
simulation, such as full-scale simulation systems 
including computerized full-body physiological 
mannequins, advanced task trainers, as well as actors 
playing as standard patients (role playing actors) 
devoted to teaching non-technical skills. At SimAv 
basic and advanced life support courses targets 

different figures other than medical students. 
Particularly, basic first aid courses are delivered to 
family caregivers and undergraduate students, 
according to the Route for skills transversal and for 
orientation initiative of the Italian Ministry of 
Education, University and Research. Furthermore, an 
accreditation process of the Italian health ministry, 
allowed SimAv to organize health education courses for 
the Italian Academy of the Merchant Marine, teaching 
emergency rescue and its techniques. Two levels of 
training are provided: the First Aid course addressed to 
aspiring officers and the Medical Care course for first 
officers. In addition, since 2017, SimAv included the 
Bleeding Control program (B-Con) in all its first aid 
courses. B-Con is a basic medical training provided by 
the American College of Surgeons (ACS); it was 
developed in 2013 following the Hartford Consensus, 
and in 2017 a group of  military operators of the 
Volunteer Military Corps of the Italian Red Cross (CMV 
CRI) started the delivery in Italy, mainly aimed at 
Police, Law Enforcement Agents and Fire-Fighters 
training. The B-CON course follows the guidelines 
provided by NAEMT and focuses mainly on threating 

uncontrolled hemorrhages, aiming to improve  
civilians ability to act as “immediate responders” in 
case of massive bleedings, waiting for EMS arrival 
(Surgeons, 2015).  

Other than education, SimAv has the goal to improve 
training, in terms of tools and protocols. Hence, recent 
collaborations with university departments, 
association and companies are leading to: 

• Research studies 
• Third mission, namely knowledge transfer outside 

academia to the benefit of economic, social and 
cultural development 

• Internationalization of the training activities 

3. Results and Discussion 

Within this framework, SimAv participates to the 
Tiramisu - First Aid Improve Survival Project under the 
Erasmus+ Programme KA2 – Strategic Partnership Key 
Action (Fig. 1), a new multidisciplinary project aimed at 
improving first aid training and increasing the rate of 
people who have basic first aid skills. In particular, the 

Figure 1. Logo of the TIRAMISU Erasmus+ Programme KA2 – 
Strategic Partnership Key Action 
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project includes research studies and an educational 
program to promote first aid training in schools (Fig. 
2).  

Research in first aid has two main goals:  

• assessing the efficacy of different simulation 
techniques (i.e. high fidelity, low-fidelity, serious 
games, standardized patients) 

• investigating the potentialities of disruptive 
technologies (i.e. virtual “VR” and augmented 
reality “AR”, 3D printing, internet of medical 
skills).  

The educational program instead is an international 
project covering all the aspects of first aid training in 
schools. In particular, it is aimed at increasing 
teachers’ skills in first aid, through simulation and 
active learning (Fig. 2; Fig. 3), such that they can 
transfer knowledge to students. Within this project, 
protocols, methods and techniques used in different 
countries for school first aid training are identified, 
analyzed and compared. Subsequently, considering all 
the pros and cons of different methods, an efficient way 
to teach lifesaving skills is proposed to schools across 
different countries. Such schools will assess it, giving 
feedback about their effectiveness, usability and 
acceptance both from instructors and students point of 
view.  

Starting from a collaboration with the Department 
of Informatics, Bioengineering, Robotics and System 
engineering (DIBRIS), which led to a joint lab aimed at 
promoting multidisciplinary training, SimAv is 
developing research and technological development in 
medical simulation, throughout the cooperation of 
engineers, computer scientists, and physicians. In 
particular, the joint lab is focused on: 

• implementing and testing of new prototypes  
• using of innovative technologies 
• studying learning processes underlying medical 

skills 
• carrying out feasibility and efficacy studies 

 
Figure 2. Example of a first aid training with high-school students. 

 
Figure 3. Medical training through serious games 

3.1. A mixed-reality tool for first aid training and 
assessment 

The combination of TIRAMISU research questions and 
needs and the skills of the joint-lab has converged into 
a tool for first aid training which may quicken the 
learning process and improve the simulation 
experience. Typically, first aid practical training is 
performed on half body or full-body manikins (Fig. 2), 
so that trainees can practice on a human-like patient. 
However, recent studies have shown that, in order for 
the simulation to be effective, the whole environment 
in which it takes place has to be realistic and immersive. 
In this context, disruptive technologies such as VR and 
AR are intriguing tools to increase users’ engagement, 
immersivity and sense of presence (Slater, Linakis, 
Usoh, & Kooper, 1996). As VR and AR systems allows 
the trainee to move in the space and interact with the 
environment, they are currently used for surgical 
simulation, physiological and motor therapy, medical 
training (Claudio & Maddalena, 2014). Furthermore, 
they have been used to develop first aid training 
applications, showing strengths and weaknesses of 
such technologies (Higashi et al., 2017; Park, Kwon, 
Lee, Woo, & Jeong, 2013; Rodrigues, Johnson, & Weibel, 
2018; Strada, Bottino, Lamberti, Mormando, & 
Ingrassia, 2019). In particular, AR does not provide an 
immersive experience, as the user often perceives 
virtual and real elements separately (Jennett et al., 
2008). VR is more appropriate, as the brain perceives 
the virtual environment as it would do in the real world 
(Sherman & Craig, 2003). However, the difficulty of 
providing haptic interaction with the real environment 
limits its use. To overcome these constraints, we 
designed a first-aid training mixed-reality system 
combining a manikin with a VR application (Girau et al., 
2019; Fig. 4). 

The system includes a full-body manikin (Nursing 
Kelly, Laerdal, Norway; Fig. 4) combined with the VR 
headset HTC Vive (HTC, Taiwan; Fig. 4). Also, a hand 
tracking module Leap Motion (Ultraleap, USA) is used to 
track the user’s hand and develop interactions between 
the user and the environment. The VR application is 
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implemented using the Game Engine Unity (Unity 
Technologies, USA). Briefly, the user is physically 
located in a room with the real manikin and wears the 
headset (Head Mounted Display – HMD; Girau et al., 
2019). Through the HMD, a VR scenario is displayed, 
and the user is immersed in a virtual urban 
environment, where a medical emergency occurs (Fig. 
4). Specifically, a virtual replica of the mannequin 
overlaps the real one (Fig. 4), so that users can interact 
with the real manikin and their action are replicated in 
the VR (Fig. 4). In addition, the virtual manikin is 
augmented with some animations, i.e. chest and eyes 
movements, that changes according to the user’s 
actions (Girau et al., 2019). With our system, learners 
perform first aid tasks while interacting with the 
simulated patient in a challenging and realistic 
scenario. Indeed, an interactive mixed reality learning 
tool may be effective to learn manual and 
communicative skills during a first aid emergency. In 

addition, the system could log data on both the user’s 
performance and the emergency situation (i.e. actions 
performed, victim vital signs) for error detection and 
subsequent debriefing, making the tool suitable for 
training and evaluation. Logging can also support the 
creation of a training events library of training which 
can maximize learning results, enhance motor skills 
and retention of cognitive knowledge, ultimately 
reducing instructor intervention and cost.  

The tool we designed will be firstly assessed by first-
aid experts and instructors, in order to evaluate the 
accuracy of the simulator; the first-aid protocols 
implemented; the evaluation system and the 
emergency scenarios. Then, we will ask unexperienced 
schoolteachers to try our device, comparing 
performance with traditional first aid training tools, 
both in our simulation center and in schools. 

 

Figure 4. MR application for first aid training. Left: virtual reality representation of the manikin located in an urban environment. Right: real 
world, the user, through the head mounted display, sees the medical emergency on the left. With the real manikin he can physically interact with 
the simulated patients, while seeing a virtual representation of his own hands. 

 
Altogether this work aimed at defining an effective 

way to teach first aid skills, particularly focusing on 
compulsory schoolteachers and students, with the 
ultimate goal to increase the rate of people with first aid 
training in Europe. Starting from the analysis of 
different methods currently used to teach first aid 
maneuvers, we designed a tool which combines 
traditional manual training with a VR application. We 
made this choice for four reasons:  

1. VR can enhance the realism of the simulation 
experience, despite a lack of realism in the 
physical interaction with objects in the scene 

2. a high realism degree has been reported to 
increase the outcome 

3. gamification of a learning task can be 
beneficial especially for students 

4. the application can be extended covering other 

emergencies such as neonatal and geriatric 
first-aid or chocking 

In addition, first aid training requires manual 
practice repeated multiple times, under the supervision 
of qualified personal and dedicated equipment (e.g. 
manikin in the case of cardiopulmonary resuscitation 
techniques). Given that this project was focused on 
instructing teachers, usually non-medical experts, to 
share their first aid knowledge with students, we tried 
to design a system which could objectively assess 
learner’s performance, assisting teachers during the 
practice. 

4. Conclusions 

This project aimed at improving skills and 
competences of compulsory schoolteachers by 
developing and testing at EU level an innovative 
transnational training course on First Aid and Health 
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Related Emergency practice based on simulation 
approach. The program will finally contribute to the 
horizontal priority related to supporting individuals in 
acquiring and developing basic skills and key 
competences, with specific reference to the first aid 
knowledge. This would make students and teachers 
aware that life support procedures can make the 
difference in society as an expression of active 
citizenship, a practice of solidarity, contributing to 
build and spread a sense of community belonging. 
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