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Abstract
Introduction. Virtual reality (VR) is a technology that allows us to replace our real environment with one
created with digital media. This technology is increasingly used in the training of healthcare
professionals, and previous studies show that the involvement and motivation of students who
participate in activities that use VR increases compared to those who undergo training with the traditional
methodology. The main aim of the study is to evaluate the learning curve of the students using a VR
environment, to evaluate the satisfaction with the training activity and the cost, and to compare them
with training that uses role-playing methodology.

Methodology. Two-arm community-based randomised trial. The control arm will base the training on the
usual role-playing methodology. The second arm or intervention arm will base the Basic Life Support
(BLS) training on a VR programme.

Results. Statistically signi�cant differences are observed in the percentage of correct answers in favour
of the group that used virtual reality as a learning methodology in the test taken at the end of the course.
These differences disappear when comparing the results of the test performed at six months. The
satisfaction rating of the role-playing training activity has a score of 9.37 out of a total of 10 and
satisfaction with the VR methodology has a score of 9.72. The cost analysis shows that the cost of
training a student by role-playing is 32.5 euros and, if trained by VR, it is 41.6 euros.

Conclusions. Virtual reality is a tool that allows the consolidation of a greater amount of knowledge in the
short term and can be used for situations such as pandemics, where traditional formats are not available.
In relation to student satisfaction with the training activity, the rating in both groups is very high and the
differences are minimal. The results will be directly applicable to the decision making of BLS training in
Central Catalonia in relation to the scheduling of training activities that use the VR methodology in an
uncertain environment.

Background
The current economic context, characterised by globalisation, competitiveness and the progress of
information and communication using new technologies, suggests that one of the critical elements for
the development of organisations is knowledge and its management (1, 2). This management is even
more relevant for health services and health professionals due to the continuous development of
knowledge in the health sciences. In this context, the incorporation of new training methodologies in
companies becomes an interesting area of study (3, 4).

Numerous studies indicate that VR technology is a powerful tool for teaching, mainly because of its
ability to provide immersive, multi-sensory and realistic teaching environments, among other features (5–
7). To achieve this immersion, we need to make use of technology and devices such as virtual reality
headsets or glasses and physical elements with which to interact with the virtual environment (6, 8).
Using these elements, we can transport ourselves to a world generated with the use of technologies.
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The use of VR technology in the �eld of training is based on the theory that knowledge is retained much
better when it is experienced directly than when it is simply observed or heard. The basis of this theory is
the concept of �rst-person knowledge (5) according to which an individual acquires most knowledge
during his or her lifetime through natural, direct, subjective and non-re�ective experiences. Experiences of
this type are usually characterised by the absence of deliberate re�ection because the action arises
directly from our perception of the world. Moreover, this learning happens implicitly, because we are not
aware that we are learning something. In summary, VR allows the creation of �rst-person experiences,
originally accessible through direct experience with the real world (9) and represents a very large
qualitative leap in the learning of areas in which knowledge is di�cult to visualise if it is not carried out in
a simulation environment.

The use of virtual reality in the �eld of education is gaining prominence (10) because it is an effective
modality for training and assessment (11), which generates advantages for students (12), including
understanding of the content presented (13) improved creativity, higher academic performance (6, 14),
and increased student engagement in classrooms and ease of sustaining attention (15).

However, there are studies that have not observed a signi�cant change in acquired knowledge between
training with VR versus traditional training (15).

The application of VR in training is currently occurring mainly in the healthcare �eld (16, 17). In this
aspect, its usefulness is emphasised when making diagnostic or therapeutic decisions in health
interventions, in the broadest sense of the term (18). One of the �elds of application of VR in the world of
education is the use in the training of assistance techniques such as Basic Life Support (BLS) (19). The
Catalan Resuscitation Council (CCR) establishes that BLS training should be carried out with a 5-hour
programme. Every two years, professionals who have completed the initial certi�cation course must
undergo a recerti�cation process. This information is available on the CCR website, which is part of the
European Resuscitation Council (https://ccr.cat/).

The BLS training programme for Catalan Health Institute (ICS) professionals in Central Catalonia is
endorsed by the CCR and consists of a �ve-hour certi�ed training programme and a short recerti�cation
programme. The main objectives of this training are the knowledge of the action algorithm of a
professional of the Catalan Health Institute in a cardiopulmonary arrest and training in resuscitation,
evaluating as indicators of achievement a correct depth and rhythm of cardiac compressions performed
by the student.

Within this framework, Central Catalonia has initiated a training project for BLS certi�cation using virtual
reality equipment consisting of a high-performance personal computer, a professional simulation torso
with sensors, HTC Vive Cosmos virtual reality glasses, a carrying case and all the necessary software to
perform the different virtual scenarios.

The Catalan Health Institute (ICS) in Central Catalonia has a total of 33 Primary Care Teams (PCT) with a
high rate of dispersion among the regions of Bages, Moianès, Berguedà, Osona and Anoia. This
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dispersion means that classroom training requires the students and/or teachers to travel.

The main aim of the project is to evaluate the learning curve of the students using a training environment
with role-playing methodology and a VR environment, evaluating the consolidated learning contents after
each training activity. The evaluation will be carried out through the questionnaire validated by the CCR
and by the ERC, which will be given to the students immediately before the beginning of the classroom
part of the training activity, immediately after six months of the course. The secondary aims are to
evaluate the satisfaction of trainees who undergo training using VR versus a traditional methodology and
to analyse the cost of training using VR and compare the cost using a conventional methodology.

Methods
Study design.

Evaluation of a training intervention through a randomised community-based trial.

Sample and sampling method.

Professionals from the primary healthcare teams working in the healthcare facilities of the Catalan
Health Institute of the Central Catalonia Territorial Management enrolled in the BLS certi�cation courses
that were scheduled in the different health care centres. The University Institute for Research in Primary
Health Care Jordi Gol i Gurina (Barcelona, Spain) ethics committee approved the trial study protocol
(approval code: 20/195-P).

The study is based on two arms: a control arm, which followed training in the usual role-playing
methodology, and a second intervention arm, which followed BLS training with a VR programme.

In the total of 20 Basic Life Support certi�cation training activities in the different territories organised by
the training unit during the study period, the intervention and control groups were randomly distributed as
follows:

8 intervention groups in the regions of Bages, Berguedà and Moianès

8 control groups in the regions of Bages, Berguedà and Moianès

2 intervention groups in the region of Anoia

2 control groups in the region of Anoia

A total of 48 students were expected to attend the intervention and control groups, with a maximum loss
of 5% of enrolled students due to unforeseen circumstances, usually of a healthcare nature.

Actions carried out within the control arm. The subjects who underwent BLS training according to the
usual methodology received a 15-minute MS PowerPoint presentation prepared by the CCR, followed by a
role-playing simulation using a sensorized torso and with the trainees performing the functions of
simulation training.
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Actions carried out within the intervention arm. The subjects received BLS training based on a self-
training strategy that consisted of using technological and computerised VR material. In this �rst phase,
the training was carried out in group format. The VR equipment consisted of a high-performance personal
computer, a professional simulation torso with sensors, HTC Vive Cosmos® virtual reality goggles, a
carrying case and all the necessary software for the various virtual scenarios.

Study variables.

The main outcome in the two arms of the training intervention is the learning curve of the students. This
learning will be assessed by means of the Catalan Resuscitation Council's knowledge questionnaire and
will be administered on three occasions: at time zero – before starting the training – to assess
participants' baseline knowledge, immediately after completion of the training and six months after
�nishing the course. For this third evaluation, a reminder will be sent to their corporate email with a link to
the intranet page of the teaching unit where they can answer the questionnaire.

The study also aims to assess aspects of satisfaction with the training activity. For this reason, students
will be asked to answer a questionnaire on the training received (Annex 1).

Economic aspects will also be evaluated. The researchers will record the time that each student in each
arm dedicated to the training, the time dedicated by the teachers and their remuneration and, if
applicable, the rental of the equipment used for the training. Once this record has been made, the costs
will be compared between the two groups.

Different sociodemographic, academic and occupational variables were recorded for each of the
participants in each of the two arms of the study in order to stratify the learning outcomes by their
different values. The variables collected were: sex, age, professional pro�le (clinical assistant, social
worker, citizen care or other), job position (primary care centre certi�ed for teaching or not certi�ed) and
time (in years) spent working in healthcare.

Statistical analysis.
A univariate analysis of the characteristics of the participating students was carried out to verify that their
sociodemographic, academic and occupational data were homogeneously distributed between the two
arms. A paired comparison was performed for the results of the baseline knowledge test and the score
obtained at the end of the training and between this and the score obtained in the questionnaire at six
months. The bivariate analyses were carried out with the statistical tests that corresponded to the nature
of the variables analysed (dichotomous or polytomous qualitative variables and quantitative variables
that were distributed or not according to the normal distribution). The normality of the main outcome
variable (knowledge scores) was checked and the evolution of its curve (time 0, time 1, time 6 months)
was analysed. The results obtained in each of the test arms were compared. The data were analysed with
R software, version 4.1.2 for statistical analysis in its most recent version, and the alternative hypotheses
were accepted when the probability of an error was less than 5% (p > 0.05).
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Results
Between March and July 2021, a total of 20 training activities were carried out, 10 activities for each of
the intervention and control groups, with an average participation of 6.55 students per activity. In total, 62
subjects in the control group and 74 in the intervention group participated in the study. Of these, data
from 59 subjects in the control group and 72 subjects in the intervention group were validated. There was
a loss of 3 professionals in the control group and 2 professionals in the intervention group who had
responded to the questionnaire at the start and end of the training but not to the six-month follow-up
questionnaire.

The variables of sex, age, profession, seniority of the professionals in the Catalan Health Institute and the
certi�cation of the centre where they work for the training of specialists in health sciences were collected
[Table 1]. It is shown that the distribution of the study subjects in each group is homogeneous.
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Table 1
Description of the sample: absolute frequency and percentage

  Intervention (n = 72) Control (n = 59) P-value

Sex     0.810a

Male 10 (16.9%) 10 (13.9%)  

Female 49 (83.1%) 62 (86.1%)  

Age (mean and quartiles) 44.0 [33.0; 51.5] 38.0 [32.0; 48.0] 0.117b

Age     0.123a

Less than 30 9 (15.3%) 11 (15.3%)  

Between 30 and 40 13 (22.0%) 29 (40.3%)  

Between 40 and 50 17 (28.8%) 17 (23.6%)  

50 or more 20 (33.9%) 15 (20.8%)  

Years of service (mean and SD) 3.0 [2.0; 8.5] 4.0 [2.0; 15.0] 0.251b

Years of service     0.724a

1 or 2 years 27 (45.8%) 28 (38.9%)  

3 or 4 years 9 (15.3%) 13 (18.1%)  

More than 5 years 23 (39.0%) 31 (43.1%)  

Certi�ed PCT     0.875a

No 51 (86.4%) 64 (88.9%)  

Yes 8 (13.6%) 8 (11.1%)  

Profession     0.467a

Administrative staff 3 (5.08%) 8 (11.1%)  

Assistant 22 (37.3%) 17 (23.6%)  

Driver 0 (0.00%) 2 (2.78%)  

Diploma in Nursing 16 (27.1%) 15 (20.8%)  

Midwife 1 (1.69%) 0 (0.00%)  

GP 8 (13.6%) 12 (16.7%)  

Dentist 1 (1.69%) 2 (2.78%)  
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  Intervention (n = 72) Control (n = 59) P-value

Psychologist 0 (0.00%) 1 (1.39%)  

Patient Care Technician 6 (10.2%) 8 (11.1%)  

Technician 0 (0.00%) 1 (1.39%)  

TEGS 0 (0.00%) 3 (4.17%)  

Social Worker 2 (3.39%) 3 (4.17%)  

a Chi-Square test comparison      

B Mann-Whitney test comparison      

We also compared the results of the knowledge tests taken by the students prior to the start of the course,
just after the end of the course and after six months. In this case, statistically signi�cant differences are
observed in the percentage of correct answers in favour of the group that used virtual reality as a learning
methodology in the test taken at the end of the course. These differences disappear when the results of
the test performed at six months are compared [Table 2]. The results of the pre-test show a percentage of
correct answers in the control group of 64.9% compared to 63.3% in the intervention group (p = 0.618). In
the test answered immediately after training, the percentage of correct answers in the control group was
76.4% and in the intervention group 84.0% (p = 0.036). In the tests performed at six months, the control
group had a success rate of 59.8% and the intervention group 62.0% (p = 0.371). In relation to the curve of
scores in Table 2 and Fig. 1, it can be seen that the greatest difference in scores between the two groups
occurs in the test immediately following training.

Table 2. Score comparisons        

  Pre (int = 72,
control = 59)

Post 1 (int = 72,
control = 59)

Post 2 (int = 40,
control = 28)

Comparison
Pre vs Post 1

Comparison
Pre vs Post 2

Intervention 63.3 (20.6) 84.0 (12.2) 62.0 (20.5) < 0.001b 0.191b

Control 64.9 (19.8) 77.6 (15.4) 59.8 (14.7) < 0.001b 0.232b

Comparison 0.618a 0.036a 0.371a - -

aMann-Whitney test
comparison

       

bWilcoxon test comparison        

Student satisfaction.
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In relation to the level of satisfaction of the students in each group, the intervention group has a score of
9.67 points out of a total of 10 points, and the control group an overall score of 9.39 points.

Cost analysis.

An analysis of the costs of each of the training methodologies has been carried out, extrapolating the
data that the training carried out with the role-playing model and with the VR model entail for the
organisation.

The role-playing training requires professionals to travel to a reference training centre. An average
distance of 50 kilometres per professional has been calculated based on the average distance of the
primary care teams in the training classroom. The cost per kilometre established by the public
administration has been applied (reference:
https://incasol.gencat.cat/web/.content/home/decret_indemnitzacions.pdf )

To this amount we added the cost of the teacher, according to the salary scale of the ICS professionals,
and the reimbursement for the equipment used for training.

In VR training, the cost of equipment reimbursement and the cost of the software license have been
accounted for because this method does not require the student to travel [Table 3].

The cost of the teacher is added only in the case of the control group training (15 euros per student),
because in the intervention group the course is in self-training mode. The control group also has an
expense of 15 euros per student for travel to and from the work station in the training room. This cost is
due to the fact that primary care professionals in Central Catalonia are highly dispersed throughout the
territory. Finally, a cost of 2.5 euros is added for reimbursement for the equipment used in the training of
the control group. For the intervention group, the cost of equipment reimbursement (13.1 euros) and the
software license (28.5 euros) was added.

Table 3
Cost comparisons

Costs per student Control group Intervention group

Equipment reimbursement 2.5 euros 13.1 euros

Software license   28.5 euros

Student travel 15 euros  

Teacher 15 euros  

TOTAL 32.5 euros 41.6 euros

Discussion
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Conclusions
Virtual reality is a tool that is validated for the training of students in the healthcare environment because
it allows the consolidation of a greater amount of knowledge in the short term and can be used for
situations such as pandemics, where traditional formats are not available.

Student satisfaction when using participatory methodologies in training such as VR or role-playing is very
high. It is necessary to extend the use of these methodologies in all training activities.

The results of the study show that it is necessary for scienti�c societies to re�ect on the
recommendations for recerti�cation of the knowledge acquired in the Basic Life Support course because
the current recommendation is to do it every two years. This study can make us rethink this frequency
and bring it closer to the training programme currently in force at the Catalan Health Institute, which
recommends doing it annually.

No statistically signi�cant differences were observed between content learning outcomes using a role-
play methodology or using a virtual reality methodology in training at that time of evaluation (p = 0.371).

A statistically signi�cant difference (p = 0.036) in favour of VR was observed in the results of the
knowledge test taken at the end of the course. This difference demonstrates that training using new
teaching methodologies, in this case virtual reality, allows for a better consolidation of knowledge in the
short term among the students who participate. Further studies using other methodologies such as
gami�cation are needed to validate other training models that provide greater consolidation of learning
among students.

The improvement in the satisfaction rating observed between the two training methodologies, despite not
having statistical evidence, does re�ect what the rest of the studies and publications indicate in reference
to an improvement in student satisfaction when using methodologies that allow them to interact and
simulate real scenarios.

The costs of using the virtual reality methodology are 9.1 euros higher per student than those of
traditional training. This difference lies in the cost of licensing that product. If this training were to
become widespread, it would lower the cost of the platforms and the gap would be expected to disappear.
Other costs such as environmental costs have not been taken into account in this study. In this case,
virtual reality training can be expected to reduce costs for the environment by reducing student travel to
classrooms where face-to-face training takes place.

Virtual reality allows the training of health service professionals, but it can have a more relevant
importance during a period of restrictions such as the COVID-19 pandemic because each student can
perform the practical part without the need to interact with other students (8, 20). Virtual reality is a tool
that allows self-training, but it can also be used in group training environments, so its potential as a
teaching methodology is very important and it is advisable to extend its use, as well as that of other
methodologies that can incorporate new technologies in the training process.
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The cost difference between the two methodologies should disappear if organisations prioritise the use
of VR as a teaching methodology due to the lower cost of content licenses.
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Figure 1

Scores evolution coparin control and intervention groups (mean and CI)
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