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Abstract

Background: High-fidelity simulation represents a primary tool in nursing education, especially when hands-on practical training
is involved.
Objective: We sought to determine the influence of high-fidelity clinical simulation, applied during cardiopulmonary resuscitation
(CPR) training, on blood pressure, heart rate, stress, and anxiety levels in 2 groups of nursing students. One group had experience
in health contexts, whereas the other group had none.
Methods: We performed a quasi-experimental study. Data were collected between May and June 2015 and included measurements
of all the resting values, before and after participation in CPR clinical simulations regarding the 2 groups of university students
(ie, with and without experience).
Results: An increase in vital signs was observed in students after participating in a clinical simulation scenario, especially the
heart rate. In all students, increased stress and anxiety levels were observed before the first simulation case scenario. Also, in all
study groups, a decrease in vital signs, stress levels, and anxiety was observed throughout the study.
Conclusions: Participation in high-fidelity simulation experiences has both physiological and psychological effects on students.

(JMIR Serious Games 2018;6(3):e11061)   doi:10.2196/11061
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Introduction

Over recent years, the value of structured training for education
in cardiopulmonary resuscitation (CPR) has increased.
Furthermore, according to the European Resuscitation Council

(ERC), the probabilities of survival depend on 3 related factors:
the application of the chain of survival, updates on
recommendations and guidelines, and training in vital support
techniques [1]. In this sense, the ERC set down the basis for
CPR training in their recommendations made in 2010 [2],

JMIR Serious Games 2018 | vol. 6 | iss. 3 | e11061 | p.1http://games.jmir.org/2018/3/e11061/
(page number not for citation purposes)

Fernández-Ayuso et alJMIR SERIOUS GAMES

XSL•FO
RenderX

mailto:josuefernandezcarnero@gmail.com
http://dx.doi.org/10.2196/11061
http://www.w3.org/Style/XSL
http://www.renderx.com/


placing a special emphasis on the fact that training programmes
should adapt to the demands of the environment, to the role of
those who intervene, and to the probability of a specific event
taking place. Nonetheless, and as acknowledged by the ERC,
certain gaps remain in the evidence surrounding educational
models for the acquisition and maintenance of competencies in
advanced cardiopulmonary resuscitation [3]. In parallel, the
training of health professionals in CPR has undergone an
exponential increase over the last twenty years, due to new
teaching methods based on high-fidelity clinical simulation
(HFCS). This is defined by the International Nursing Association
for Clinical Simulation and Learning as the context in which
simulation takes place and which can vary in length and
complexity, according to the objectives sought [4]. The teaching
methods involved vary widely, as they can be based on the use
of basic simulators for airway training, vascular canalization,
and electrical therapies, or involve the development of
high-reality or high-fidelity simulation environments. Thus,
students can benefit from key features, such as the possibility
of integrating all the nursing competencies related to caring for
critical patients (ie, teamwork, leadership, communication,
reflection,) within a safe and realistic environment. This may
be beneficial both for students as well as for patients by avoiding
confidentiality problems, shortening learning times, and
increasing the level of self-confidence and satisfaction. This
also enables the re-creation of rare, but critical, pathological
processes, the application of protocols, and the structured
evaluation of competencies in critical patients [5-9].

Clinical simulation scenarios, as a teaching method employed
in the training of health professionals, facilitate objective
teaching models, which otherwise would be limited by ethical,
social, administrative, and legal parameters [10]. Nonetheless,
simulation-based education presents several disadvantages,
including the difficulty faced by certain students when they are
to face real clinical contexts appropriately as they often treat
patients distantly, or as if it were a game. Furthermore, this
approach requires more significant investments, equalling a
greater burden for students and teachers, and may have unwanted
emotional effects on students, producing anxiety and stress,
which have negative correlations for the results of CPR training.
Also, several studies have described a lack of confidence,
transfer of experienced emotions to the simulation environment,
as well as a lack of evidence compared with traditional methods
[7,11-14].

Previously, critical care residents under HFCS training increased
their heart rate (HR), although not their blood pressure (BP),
and their state anxiety was maintained under low anxiety levels,
showing differences between men and women [15]. To the
authors’ knowledge, there is a lack of research addressing the
vital sign changes according to student nurses’ experience
undergoing cardiopulmonary resuscitation training via HFCS.
Our objective, based on our research on stress during
high-fidelity simulation [14], was to determine the influence of
this methodology on physiological parameters (ie, BP and HR)
as activators of the sympathetic autonomous nervous system,
as well as on psychological aspects (ie, stress and anxiety), in

2 groups of nursing students (with and without experience) in
a CPR training programme. Our working hypothesis was that
the participation of nursing students in high-fidelity simulation
scenarios increases the levels of stress, anxiety, and vital signs
for all types of health care students, as well as for those with,
and without, experience.

Methods

Design
A quasi-experimental study was performed with measurements
of all the variables at baseline, before, and after participation in
standardized clinical simulation experiences during the 2014
academic year at the Comillas Pontifical University (San Juan
de Dios School of Nursing and Physical Therapy of Madrid,
Spain). The students were divided into 2 groups: one group had
experience in health contexts, while the other group did not.

Participants
The sample comprised 107 students out of a total of 120 who
were enrolled in the subject “Physiopathology of the Critical
Patient and Vital Support.” Participation in the study was
voluntary, and all students were informed of the educational
nature of the research, including the fact that this would not
affect the course evaluation. The inclusion criteria consisted of
students enrolled in the previously cited subject and who were
in their second year of the nursing degree program taught by
the Comillas Pontifical University according to the current
recommendations of the European Council in Resuscitation
during the 2014 academic year [2]. We excluded students who
had taken more caffeine than the average (in relation to the
effect on their resting values) or who were under the effects any
drugs affecting the central nervous system or the cardiovascular
system (benzodiazepines, antidepressants, beta-blockers or flu
vaccines), as well as those who did not wish to participate [14].

Ethical Considerations
All students signed the informed consent for participating in
the research study. Furthermore, the anonymity of participants
was guaranteed, as well as that of the data obtained and its
safeguarding. Before commencement of the study, the
corresponding ethical-legal permissions for performing the study
were obtained, as well as the official approval of the project on
behalf of the Research Committee from the Nursing School of
the Comillas Pontifical University.

Data Collection
The research took place at the Unit of High-fidelity Simulation
in Nursing Care at the University School of Nursing and
Physiotherapy. For both the invasive procedures and for
providing immediate feedback to students regarding their
interventions, a mannequin capable of simulating physiological
responses was used. The study was performed during the 2014
academic year, with data collection taking place between May
and June 2015. It was planned in 3 successive phases as
described in the following.
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Textbox 1. Phase II physiological and psychological baseline parameters.

• Heart Rate (HR) and Blood Pressure (BP): For all students, the basal parameters of HR and BP were measured via 3 measurements, calculating
the mean with a certified and approved tensiometer (Omrom M3-HEM-7200-E2; Omron Health care Europe BV, Hoofddorp, Netherlands) and
a Nonin Onyx Vantage 9590 pulsioximeter (Nonin Medical, Inc, Plymouth, MN, USA), following the recommendations of the European
Hypertension Society [18].

• Anxiety: This was determined by using the state-trait anxiety questionnaire by Spielberger [19] using the available translation and adaptation to
Spanish [20]. This self-administered questionnaire consists of 2 parts: (1) for state anxiety (20 items) and (2) for trait anxiety (20 items), showing
the Cronbach alpha coefficient range (.89-.95) for state anxiety and (.82-.91) for trait anxiety.

• Stress: Perceived stress was determined using a Visual Analogical Scale (VAS), where 0 is no stress and 10 is the greatest imaginable stress,
similar to the analogical scales used by Girzadas et al [21] and Lima et al [22]. Indeed, the VAS has shown adequate construct validity in clinical
environments in order to highlight differences in stress levels between two groups, showing acceptable correlations between the VAS and the
anxiety domain (r=.66), depression domain (r=.45) and total score (r=.65) of the Hospital Anxiety and Depression Scale (HADS), and similar
correlations with other tools applied to evaluate aspects of psychological distress, such as the Perceived Stress Scale (r=.64-.71) [23,24]. In
addition, a test-retest reliability coefficient of .83 was reported for the perceived stress VAS [25].

• Age and gender: This quantitative variable was modified to a qualitative variable by grouping data into two intervals—younger than 25 years
and older than 25 years.

Phase I involved standardized theoretical-practical training.
Participants received a 20-hour theoretical and practical training
course in Vital CPR, following the recommendations of the
ERC 2010. The course took place in a simulation environment
of medium fidelity for the acquisition of competencies in
teamwork, coordination, airway management, cardiac massage,
electrical therapies, and the administration of medication. Phase
II called for the familiarization, preparation of the simulation
case scenario, and the measurement of basal variables. At the
onset of the standard training period, the students received a
workshop for familiarization in high-fidelity simulation
environments where they were able to practice on a high-fidelity
simulation mannequin with physiological responses (Meti-man,
CAE-LINK, Sarasota, FL, USA). One week before, the case
was sent to students together with the patient history, the
teaching objectives of the simulation and the supporting
documentation based at best evidence practice, following the
recommendations by Wilford and Doyle [16] and Lioce et al
[17] for the design of simulation experiences. All students were
presented with the case of a patient aged 67 years, with heart
failure. The patient was in a stable condition and had been
admitted to a hospitalization unit. The patient could evolve to
3 stages according to the actions and care of the team:
improvement, worsening, and cardiorespiratory arrest. All
participants were divided into 2 work groups based on their
experience in health environments. In Group 1 the students had
no experience in real health care environments. In Group 2 the
students had experience in real health care environments (eg,
emergency technicians, lifeguards, nursing assistants, and
radio-diagnosis technicians). Once the groups were formed,
they were distributed into smaller groups of 4 students, and the
roles were explained (the students were not notified of their
specific role until the moment they entered the simulation). One
month earlier, the measurement of the following physiological,
as well as psychological resting values, took place (study
baseline measurements) as described in Textbox 1.

Phase III involved the development of clinical simulation
scenarios (Cases 1-2) and measurement of variables. Roles were
randomly assigned in a controlled environment, preserving both
the intimacy as well as the confidentiality of the data, and all
variables were measured immediately before (pre) and after

(post) Cases 1 and 2. The students subsequently underwent the
corresponding defusing and debriefing sessions. One week later,
the students participated in a second case (Case 2) involving
the same patient, undergoing the same measurements.
Subsequently, a further debriefing session took place.

Data Analysis
Data analysis was performed using the SPSS v.20.0 statistical
software. Within the descriptive analysis of data, the categorical
variables are expressed as the percentage, whereas the
continuous variables are displayed as the mean and standard
deviation. The Kolmogorov-Smirnov test was performed to
evaluate the normality in the distribution of variables. When
normality was verified, the Student’s t-test for related samples
was applied to both groups. Statistical significance was set at
P<.05. Reliability and validity were ensured by using established
tools and approved equipment for testing purposes, as reported
above.

Results

Descriptive Data
The final sample comprised of 107 students included 95 (88.8%)
women and 12 (11.2%) men. Regarding the age of the
participants, 97 were below 25 years of age (90.7%) whereas
10 (9.3%) were older than 25. Regarding the students’
professional experience in health care environments, 44 (41.2%)
participants were experienced, whereas 63 (58.8%) had no
experience. To facilitate the interpretation of the remaining
results, these are presented below, for each of the comparisons
performed, according to participants’ experience.

Physiological and Psychological Variations Compared
to Baseline Data
The normality of all variables was confirmed using the
Kolmogorov-Smirnov test. Therefore, the Student’s t-test for
related samples was applied to each group between the baseline
moment and before Case 1 (pre-Case1). In Group 1 (without
experience) a significant increase was observed in subjects
before Case 1 compared to their baseline parameters of systolic
blood pressure (SBP) with P<.001, diastolic blood pressure
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(DBP) with P=.001, HR (P<.001) and stress (P=.004), as shown
in Table 1.

In Group 2 (with experience) a significant increase was observed
in subjects prior to Case 1 compared to their baseline parameters
for SBP (P<.001), DBP (P<.001), HR (P<.001), and without
this change being observed in the stress levels (P=.10), as shown
in Table 1.

Physiological and Psychological Variations Between
Pre- and Postparticipation in Simulation Scenarios
After confirming the normality of all the variables via the
Kolmogorov-Smirnov test, the Student’s t-test for related
samples was applied to each group to determine whether
significant differences existed between different moments in
time: (1) before Case 1 and after Case 1 (pre-Case 1/post-Case
1), (2) before Case 2 and after Case 2 (pre-Case 2/post-Case 2),
and (3) before Case 1 and before Case 2 (pre-Case 1/pre-Case
2). Regarding Group 1 (without experience) the physiological
parameters (Table 2), the SBP did not display significant
changes during Case 1. However, a significant decrease occurred
between the SBP before Case 1 and 2 (P=.01), as well as a
significant increase during Case 2 (P=.001).

Regarding DBP, a significant decrease was observed (P=.02)
between Cases 1 and 2, whereas within each of these cases there
was no significant result (Table 2). In the case of HR, as with
the SBP, a significant increase occurred during Case 2 (P<.001)
as well as a significant decrease between Cases 1 and 2 (P=.01).
Regarding Case 1, significant results did not occur between the

moments in time (before and after), as shown in Table 2. In the
case of the psychological parameters, a significant decrease in
stress occurred before and after Case 1 (P=.003), as well as
before Case 2, compared to Case 1 (P=.001). Regarding Case
2, we did not find significant changes between the different
moments in time (before and after), as shown in Table 3.

Concerning state anxiety (Table 3), the subjects presented a
significant decrease in Case 1 (P=.006), and during Case 2
(P=.002). However, significant differences were not found
between Cases 1 and 2.

In Group 2 (with experience), regarding physiological
parameters (Table 2), the SBP did not present significant
changes in any of the cases under study. In the case of DBP, a
significant decrease was found (P=.03) in Case 1 and between
Cases 1 and 2 (P=.001). Regarding Case 2, significant results
were not found between the different moments in time (before
and after), as displayed in Table 2. Regarding HR values,
subjects presented a significant increase of the same in Case 2.
However, a significant decrease was not found between Cases
1 and 2 (P=.002). In Case 1, significant results did not occur
when comparing the before and after values, as observed in
Table 2. Concerning psychological parameters, only in Case 1
there was a significant decrease in stress (P=.002). There was
no other significant effect in relation to this variable (Table 3).
In the case of state anxiety (Table 3), participants presented a
significant decrease in the same during Case 1 (P<.001).
However, this was not significant in the remaining comparisons
performed for this variable.

Table 1. The results of physiological resting variables and psychological variables measured at baseline and pre-Case 1, in both groups.

P valueaPre-Case 1, mean (SD)Baseline, mean (SD)Variables

Group 1 (without experience)

<.001120.9 (12.0)112.1 (7.8)SBPb (mm Hg)

.00170.0 (9.0)66.2 (6.2)DBPc (mm Hg)

<.00183.4 (19.4)72.7 (11.7)HRd (bpm)

.0046.2 (2.0)5.4 (2.6)Stress

Group 2 (with experience)

<.001121.9 (10.2)113.9 (9.00)SBP (mm Hg)

<.00175.4 (8.0)68.6 (6.0)DBP (mm Hg)

<.00186.1 (13.9)77.0 (13.6)HR (bpm)

.105.4 (2.4)4.7 (2.8)Stress

aStatistical significance was set at P<.05.
bSBP: systolic blood pressure.
cDBP: diastolic blood pressure.
dHR: heart rate.
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Table 2. Results of the physiological variables measured for both groups during the different study moments.

P valueaMean (SD)Variable

Group 1 (without experience)

Systolic blood pressure (mm Hg)

N/Ab120.9 (12.0)Pre-Case 1

N/A120.5 (13.4)Post-Case 1

.83–0.3 (12.1)Variation during Case 1

N/A117.7 (10.7)Pre-Case 2

N/A121.8 (11.2)Post-Case 2

.0014.1 (9.5)Variation during Case 2

N/A120.9 (12.0)Pre-Case 1

N/A117.7 (10.7)Pre-Case 2

.01–3.2 (9.7)Variation between both cases

Diastolic blood pressure (mm Hg)

N/A70.0 (9.0)Pre-Case 1

N/A70.3 (10.0)Post-Case 1

.700.4 (7.1)Variation during Case 1

N/A67.9 (9.2)Pre-Case 2

N/A68.7 (7.1)Post-Case 2

.320.8 (6.5)Variation during Case 2

N/A70.0 (9.0)Pre-Case 1

N/A67.9 (9.1)Pre-Case 2

.02–2.1 (7.1)Variation between both cases

Heart rate (bpm)

N/A83.4 (19.4)Pre-Case 1

N/A84.8 (17.5)Post-Case 1

.381.3 (11.6)Variation during Case 1

N/A77.9 (12.7)Pre-Case 2

N/A84.8 (14.0)Post-Case 2

<.0016.9 (9.2)Variation during Case 2

N/A83.4 (19.4)Pre-Case 1

N/A77.9 (12.7)Pre-Case 2

Group 2 (with experience)

Systolic blood pressure (mm Hg)

N/A121.9 (10.2)Pre-Case 1

N/A122.0 (15.0)Post-Case 1

.970.1 (12.3)Variation during Case 1

N/A119.7 (12.7)Pre-Case 2

N/A121.0 (12.3)Post-Case 2

.471.3 (11.5)Variation during Case 2

N/A121.9 (10.2)Pre-Case 1

N/A119.7 (12.7)Pre-Case 2

.15–2.2 (9.7)Variation between both cases
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P valueaMean (SD)Variable

Diastolic blood pressure (mm Hg)

N/A75.4 (8.0)Pre-Case 1

N/A73.1 (9.8)Post-Case 1

.03–2.3 (6.8)Variation during Case 1

N/A71.7 (8.8)Pre-Case 2

N/A72.3 (7.8)Post-Case 2

.570.7 (7.5)Variation during Case 2

N/A75.4 (8.0)Pre-Case 1

N/A71.7 (8.8)Pre-Case 2

.001–3.8 (6.7)Variation between both cases

Heart rate (bpm)

N/A86.1 (13.9)Pre-Case 1

N/A84.9 (14.4)Post-Case 1

.29–1.2 (7.5)Variation during Case 1

N/A80.3 (15.2)Pre-Case 2

N/A84.5 (16.3)Post-Case 2

.0024.2 (8.3)Variation during Case 2

N/A86.1 (13.9)Pre-Case 1

N/A80.3 (15.2)Pre-Case 2

aStatistical significance was set at P<.05.
bN/A: not applicable.
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Table 3. Stress levels, measured using the visual analogue scale and values of state anxiety measured using the State-Trait Anxiety Inventory (STAI)-E
scale for both groups, during the different study moments.

P valueaMean (SD)Variable

Group 1 (without experience)

Stress

N/Ab6.2 (2.0)Pre-Case 1

N/A5.1 (2.7)Post-Case 1

.003–1.1 (2.8)Variation during Case 1

N/A5.6 (2.3)Pre-Case 2

N/A5.1 (2.6)Post-Case 2

.17–0.5 (2.7)Variation during Case 2

N/A6.2 (2.0)Pre-Case 1

N/A5.6 (2.3)Pre-Case 2

.01–0.7 (2.0)Variation between both cases

State Anxiety

N/A25.4 (10.0)Pre-Case 1

N/A20.9 (11.7)Post-Case 1

.006–3.9 (11.8)Variation during Case 1

N/A23.5 (11.6)Pre-Case 2

N/A18.6 (11.7)Post-Case 2

.002–4.4 (11.0)Variation during Case 2

N/A25.4 (10.0)Pre-Case 1

N/A23.5 (11.6)Pre-Case 2

.26–1.9 (10.0)Variation between both cases

Group 2 (with experience)

Stress

N/A5.4 (2.4)Pre-Case 1

N/A4.4 (2.5)Post-Case 1

.002–1.0 (2.0)Variation during Case 1

N/A4.9 (2.6)Pre-Case 2

N/A4.5 (2.7)Post-Case 2

.18–0.4 (1.7)Variation during Case 2

N/A5.4 (2.4)Pre-Case 1

N/A4.9 (2.6)Pre-Case 2

.090.5 (2.0)Variation between both cases

State Anxiety

N/A23.7 (9.1)Pre-Case 1

N/A17.6 (10.2)Post-Case 1

<.001–6.1 (9.4)Variation during Case 1

N/A20.8 (11.2)Pre-Case 2

N/A19.4 (12.6)Post-Case 2

.28–1.4 (8.0)Variation during Case 2

N/A23.7 (9.1)Pre-Case 1

N/A20.8 (11.2)Pre-Case 2
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P valueaMean (SD)Variable

.10–2.9 (8.7)Variation between both cases

aStatistical significance was set at P<.05.
bN/A: not applicable.

Discussion

Principal Findings
Different studies performed with both animals and humans have
demonstrated the influence of hormones from the adrenal cortex
upon the levels of stress, anxiety and physiological changes,
and their relationship with learning. This demonstrates the
influence of these hormones on memory and the individual
perception of stress, together with its variations, before and
after, any stressful situations [26-28]. On the other hand, as
previously commented, high-fidelity simulation has a very high
approximation accuracy to reality, by introducing the nursing
student to realistic situations and contexts, similar to those that
occur while providing care and which generate a high level of
responses, both physiological as well as psychological and
pedagogical. The results of our research indicate that the students
who participated in the clinical simulation scenario began with
values of BP, HR [29], general academic self-efficacy [30] and
trait anxiety [20] which were within normal expected parameters
in these age ranges.

Physiological Values
In students without experience, a statistically significant increase
of SBP, DBP, and HR was observed immediately before students
participated in the first case (Case 1) compared with their
baseline levels. This coincides with the work by Muller et al
[31]. This increase seems to be related to factors such as
uncertainty, the development of the case, the type of role, the
management of the material, and the anticipatory anxiety.
Nonetheless, these values tend to return to baseline values after
debriefing and participation in a new clinical simulation scenario
in line with research conducted to date by Dyer and Byrne [32]
and Megel et al [33].

After participation in the second case (Case 2-students without
experience), there was a significant decrease in all the
physiological parameters measured before facing the second
case, which is indicative of lesser stress and a greater level of
adaptation, similar to the data collected by Bong et al [34]. This
finding may be related to the perception of self-efficacy students
have once they have been able to practice their skills during the
first case and after a debriefing, during which they receive
feedback on their skills within the simulation context. As noted
by Bandura [35], the biological system is activated according
to the belief that one has of his or her own ability to perform a
task. Nonetheless, an increase in the vital signs was observed
in students without experience, these changes were significant
for the SBP and HR, coinciding with subjects with experience.
This data, considering that it is the second experience, may
demonstrate a more significant implication or physical effort in
the case as these changes are not accompanied by an increase
in the levels of stress (Table 3), as manifested by the students
at the end of the exercise via an open survey designed for

gathering students’ opinions regarding the simulation
experience.

In the case of students with experience, the tendency of the vital
signs is the same for students without experience. Initially, there
is a significant increase in their baseline vital signs, which is
probably related to the same causes mentioned in the group
without experience. It is interesting to note that this group began
with lower baseline levels, especially regarding stress and
anxiety (Tables 1 and 3). Perhaps this variation is due to past
professional experiences, which enable these students to view
the context in a more familiar and less threatening way, thus
providing them with a greater ability to adapt, as reflected in
work by Karabacak et al [36]. This may be because they have
acquired competencies due to vicarious learning, additional
verbal information, and observation in their work context, as
well as the perception of self-efficacy based on experience in a
real health context.

When the students with experience participated in the second
case (Case 2), an increase in HR was found (as occurred the
group without experience). This was possibly related to the
additional implication and effort and not due to an increase in
stress, as previously noted. Furthermore, a decrease in all values
was observed, which was statistically significant in the case of
the DBP and the HR values, which also occurred in the group
without experience, in accordance with the work by Dworkin
et al [37], McKay et al [38] and DeMaria et al [39]. According
to these studies, HR is a stable and reliable marker of the
neuroendocrine response in situations of stress and is used with
a greater frequency than the measurement of BP, as the latter
is modified by many factors including instrumental
complications for measurement of the same during a clinical
simulation scenario.

Ultimately, an increase in the vital physiological signs was
observed in both groups prior to participation in a first clinical
simulation scenario, to later decrease, to a variable extent,
according to experience and by serial participation in clinical
simulation scenarios, which is in line with previous studies by
Dyers and Byrne [32], Muller et al [31] and Bong et al [34].

Psychological Values
In both groups and measurements, both pre-Case 1 compared
to its baseline, and measurements taken post-Case 1, post-Case
2, and pre-Case 1- pre-Case 2, a decrease in the levels of stress
and anxiety was observed, which is a finding that is also
described by Henrich et al [40]. A more detailed analysis of our
findings shows that among students without experience, the
stress levels, before Case 1, were significantly higher than at
baseline. Indeed, these were even higher than in students with
experience. This is a finding that, as described by McGuire and
Lorenz [41], may be related to the emotional state when facing
an unknown situation with a certain level of uncertainty and
insecurity. This is reflected in the activation of the sympathetic
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system which, in this case, seems to tend towards an
adaptive-constructive process, as these stress levels decrease
after the first case, this being a significant decrease. After
participation in the second case, the level of stress decreased.
However, this is not statistically significant, probably related
to the fact that, in this case (Case 2), the students displayed
lower levels of stress thanks to their participation in the first
case and having debated the same.

Concerning state anxiety, a significant decrease was also found.
We can postulate that the measurement of stress is related to a
specific act (a real threat) and that, once this has ceased, the
levels of stress decrease much faster. This is in contrast with
state anxiety which depends on many personal factors, such as
the effective situation at that time, the perception of a safe
environment in contrast to the real context or findings of making
a mistake while being observed as described by Khadivzadeh
and Erfanian [42]. Similarly, the levels of stress and anxiety
compared pre-Case 1 and pre-Case 2 decreased. This may
suggest, as previously mentioned, a process of familiarization
with the simulator and teamwork, in line with findings by Allan
et al [43]. Among students with experience and at all
assessments, a decrease in stress and anxiety was found which,
in some cases, was statistically significant, as this group began
with lower baseline values of stress and anxiety. Nonetheless,
and despite the uncertainty, the feeling of being observed or the
management of equipment, the fact these students had some
prior related experience could favor their reduced anxiety in a
simulation context compared to reality, which coincides with
recent findings [13].

Future Research Lines
From the teaching point of view, it would be interesting to devise
proper practice guidelines to give students tools for being able
to face clinical high-fidelity simulation experiences, in which
a greater familiarization of students without experience is
included, as well as ensuring students are gradually introduced
to these methods. We believe it would be useful to perform

studies on serial participation in clinical simulation scenarios
to verify whether the levels of anxiety or stress show
progression. Also, it would be useful to research whether
markers of sympathetic activation, such as cortisol in saliva,
alpha-amylase or perspiration can be determined to confirm the
positive or negative influence of participation in clinical
simulation scenarios.

Limitations
It is essential to consider the sample size, although, to our
knowledge, according to our literature search, this study has the
highest number of subjects to date. On the other hand, we cannot
affirm that the differences obtained between groups are only
due to experience, as age may have a substantial influence upon
vital signs, as well as aspects regarding the students’ personality,
self-esteem, or fear of evaluation by peers. Therefore, a more
significant sample is needed in future studies to perform a
multivariate analysis. Also, the consecutive sampling method
may be another limitation which should be considered in future
studies.

Conclusion
Participation in clinical simulation scenarios influences students
both on a physiological and psychological level. In all students
under study, vital signs increased before participation in a
clinical simulation scenario, especially the heart rate.
Furthermore, an increase in stress levels was observed, as well
as in anxiety before their first simulation case. Both study groups
(students with and without experience), demonstrated a decrease
in the vital signs and levels of stress/anxiety, possibly related
to the effects of participating in the case study scenarios as well
as the debriefing sessions and subsequent simulation sessions,
which suggests a positive adaptive process. Possibly, the
incorporation of a simulation designed with different levels of
complexity and realism, throughout the courses, helps to
normalize vital signs and stress levels to figures close to
normality before participation of students in these teaching
methods.

 

References
1. Greif R, Lockey AS, Conaghan P, Lippert A, De VW, Monsieurs KG, Educationimplementation of resuscitation section

Collaborators, Collaborators. European Resuscitation Council Guidelines for Resuscitation 2015: Section 10. Education
and implementation of resuscitation. Resuscitation 2015 Oct;95:288-301. [doi: 10.1016/j.resuscitation.2015.07.032] [Medline:
26477418]

2. Nolan JP, Soar J, Zideman DA, Biarent D, Bossaert LL, Deakin C, ERC Guidelines Writing Group. European Resuscitation
Council Guidelines for Resuscitation 2010 Section 1. Executive summary. Resuscitation 2010 Oct;81(10):1219-1276. [doi:
10.1016/j.resuscitation.2010.08.021] [Medline: 20956052]

3. Cordero Torres JA, Caballero Oliver A. La plataforma Moodle: Una herramienta útil para la formación en soporte vital.
Análisis de las encuestas de satisfacción a los alumnos e instructores de los cursos de soporte vital avanzado del programa
ESVAP de la semFYC. Atención Primaria 2015 Jun;47(6):376-384. [doi: 10.1016/J.APRIM.2015.02.006]

4. Sittner BJ, Aebersold ML, Paige JB, Graham LLM, Schram AP, Decker SI, et al. INACSL Standards of Best Practice for
Simulation: Past, Present, and Future. Nurs Educ Perspect 2015;36(5):294-298. [Medline: 26521497]

5. Sancho R, Rábago J, Maestre J, Del Moral I, Carceller J. Integración de la simulación clínica en el programa formativo de
la especialidad de Anestesiología y Reanimación. Revista Española de Anestesiología y Reanimación 2010
Jan;57(10):656-663. [doi: 10.1016/S0034-9356(10)70302-9]

6. Partin JL, Payne TA, Slemmons MF. Students' perceptions of their learning experiences using high-fidelity simulation to
teach concepts relative to obstetrics. Nurs Educ Perspect 2011;32(3):186-188. [Medline: 21834381]

JMIR Serious Games 2018 | vol. 6 | iss. 3 | e11061 | p.9http://games.jmir.org/2018/3/e11061/
(page number not for citation purposes)

Fernández-Ayuso et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.resuscitation.2015.07.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26477418&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2010.08.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20956052&dopt=Abstract
http://dx.doi.org/10.1016/J.APRIM.2015.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26521497&dopt=Abstract
http://dx.doi.org/10.1016/S0034-9356(10)70302-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21834381&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Hunziker S, Tschan F, Semmer NK, Marsch S. Importance of leadership in cardiac arrest situations: from simulation to
real life and back. Swiss Med Wkly 2013 Apr 18;143:w13774 [FREE Full text] [doi: 10.4414/smw.2013.13774] [Medline:
23740203]

8. Corvetto M, Bravo MP, Montaña R, Utili F, Escudero E, Boza C, et al. [Simulation in medical education: a synopsis]. Rev
Med Chil 2013 Jan;141(1):70-79 [FREE Full text] [doi: 10.4067/S0034-98872013000100010] [Medline: 23732417]

9. Roh YS, Issenberg SB. Association of cardiopulmonary resuscitation psychomotor skills with knowledge and self-efficacy
in nursing students. Int J Nurs Pract 2014 Dec;20(6):674-679. [doi: 10.1111/ijn.12212] [Medline: 24219782]

10. Hernández Ruipérez T, Adánez Martínez MG, Díaz Agea JL, García Pérez B, Leal Costa C. Emergencias. 2015 Jun. Diseño
y validación de un modelo pedagógico basado en simulación clínica dirigido a la formación de enfermería en el sistema de
triaje estadounidense Emergency Severity Index URL: https://dialnet.unirioja.es/servlet/articulo?codigo=5386837 [accessed
2018-07-30] [WebCite Cache ID 71IV9Xq4U]

11. Weidman EK, Bell G, Walsh D, Small S, Edelson DP. Assessing the impact of immersive simulation on clinical performance
during actual in-hospital cardiac arrest with CPR-sensing technology: A randomized feasibility study. Resuscitation 2010
Nov;81(11):1556-1561. [doi: 10.1016/j.resuscitation.2010.05.021] [Medline: 20724057]

12. Leblanc VR, Regehr C, Tavares W, Scott AK, Macdonald R, King K. The impact of stress on paramedic performance
during simulated critical events. Prehosp Disaster Med 2012 Aug;27(4):369-374. [doi: 10.1017/S1049023X12001021]
[Medline: 22831965]

13. Nielsen B, Harder N. Causes of Student Anxiety during Simulation: What the Literature Says. Clinical Simulation in Nursing
2013 Nov;9(11):e507-e512. [doi: 10.1016/j.ecns.2013.03.003]

14. Fernández-Ayuso D, del Campo-Cazallas C, Fernández-Ayuso RM. Aprendizaje en entornos de simulación de alta fidelidad:
evaluación del estrés en estudiantes de enfermería. Educación Médica 2016 Jan;17(1):25-28. [doi:
10.1016/J.EDUMED.2016.02.003]

15. Bauer C, Rimmelé T, Duclos A, Prieto N, Cejka J, Carry P, et al. Anxiety and stress among anaesthesiology and critical
care residents during high-fidelity simulation sessions. Anaesth Crit Care Pain Med 2016 Dec;35(6):407-416. [doi:
10.1016/j.accpm.2016.01.004] [Medline: 27133235]

16. Wilford A, Doyle TJ. Integrating simulation training into the nursing curriculum. Br J Nurs 2006;15(17):926-930. [doi:
10.12968/bjon.2006.15.17.21907] [Medline: 17077785]

17. Lioce L, Reed CC, Lemon D, King MA, Martinez PA, Franklin AE, et al. Standards of Best Practice: Simulation Standard
III: Participant Objectives. Clinical Simulation in Nursing 2013 Jun;9(6):S15-S18. [doi: 10.1016/j.ecns.2013.04.005]

18. O'Brien E, Atkins N, Stergiou G, Karpettas N, Parati G, Asmar R, et al. European Society of Hypertension International
Protocol revision 2010 for the validation of blood pressure measuring devices in adults. Blood Press Monit 2010
Feb;15(1):23-38. [doi: 10.1097/MBP.0b013e3283360e98] [Medline: 20110786]

19. Spielberger C, Vagg P. Psychometric properties of the STAI: a reply to Ramanaiah, Franzen, and Schill. J Pers Assess
1984;48(1):95-97. [doi: 10.1207/s15327752jpa4801_16] [Medline: 6707862]

20. Guillén-Riquelme A, Buela-Casal G. [Psychometric revision and differential item functioning in the State Trait Anxiety
Inventory (STAI)]. Psicothema 2011 Aug;23(3):510-515. [Medline: 21774907]

21. Girzadas DV, Delis S, Bose S, Hall J, Rzechula K, Kulstad EB. Measures of stress and learning seem to be equally affected
among all roles in a simulation scenario. Simul Healthc 2009;4(3):149-154. [doi: 10.1097/SIH.0b013e3181abe9f2] [Medline:
19680081]

22. Lima E, Knopfholz J, Menini CM. Stress during ACLS courses: is it important for learning skills? Arq Bras Cardiol 2002
Dec;79(6):589-92, 585 [FREE Full text] [Medline: 12532242]

23. Lesage F, Berjot S, Deschamps F. Clinical stress assessment using a visual analogue scale. Occup Med (Lond) 2012
Dec;62(8):600-605 [FREE Full text] [doi: 10.1093/occmed/kqs140] [Medline: 22965867]

24. Lesage FX, Berjot S. Validity of occupational stress assessment using a visual analogue scale. Occup Med (Lond) 2011
Sep;61(6):434-436. [doi: 10.1093/occmed/kqr037] [Medline: 21505089]

25. Cella DF, Perry SW. Reliability and concurrent validity of three visual-analogue mood scales. Psychol Rep 1986 Oct;59(2
Pt 2):827-833. [doi: 10.2466/pr0.1986.59.2.827] [Medline: 3809343]

26. de KER, Oitzl MS, Joëls M. Stress and cognition: are corticosteroids good or bad guys? Trends Neurosci 1999
Oct;22(10):422-426. [Medline: 10481183]

27. Roozendaal B. 1999 Curt P. Richter award. Glucocorticoids and the regulation of memory consolidation.
Psychoneuroendocrinology 2000 Apr;25(3):213-238. [Medline: 10737694]

28. McGaugh JL, Roozendaal B. Role of adrenal stress hormones in forming lasting memories in the brain. Curr Opin Neurobiol
2002 Apr;12(2):205-210. [Medline: 12015238]

29. Ortiz-Galeano I, Sánchez-López M, Notario-Pacheco B, Miota IJ, Fuentes CR, Martínez-Vizcaíno V. Relación entre estatus
ponderal, nivel de condición física y componentes de la presión arterial en mujeres de entre 18 y 30 años de edad. Rev Esp
Salud Publica 2012;86(5):523-531. [doi: 10.1590/S1135-57272012000500006]

30. Winslow S, DeGuzman P, Kulbok P, Jackson S. Nurses' self-efficacy and academic degree advancement. J Nurses Prof
Dev 2014;30(3):110-6; quiz E1. [doi: 10.1097/NND.0000000000000038] [Medline: 24845088]

JMIR Serious Games 2018 | vol. 6 | iss. 3 | e11061 | p.10http://games.jmir.org/2018/3/e11061/
(page number not for citation purposes)

Fernández-Ayuso et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://doi.emh.ch/10.4414/smw.2013.13774
http://dx.doi.org/10.4414/smw.2013.13774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23740203&dopt=Abstract
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0034-98872013000100010&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.4067/S0034-98872013000100010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23732417&dopt=Abstract
http://dx.doi.org/10.1111/ijn.12212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24219782&dopt=Abstract
https://dialnet.unirioja.es/servlet/articulo?codigo=5386837
http://www.webcitation.org/71IV9Xq4U
http://dx.doi.org/10.1016/j.resuscitation.2010.05.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20724057&dopt=Abstract
http://dx.doi.org/10.1017/S1049023X12001021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22831965&dopt=Abstract
http://dx.doi.org/10.1016/j.ecns.2013.03.003
http://dx.doi.org/10.1016/J.EDUMED.2016.02.003
http://dx.doi.org/10.1016/j.accpm.2016.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27133235&dopt=Abstract
http://dx.doi.org/10.12968/bjon.2006.15.17.21907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17077785&dopt=Abstract
http://dx.doi.org/10.1016/j.ecns.2013.04.005
http://dx.doi.org/10.1097/MBP.0b013e3283360e98
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20110786&dopt=Abstract
http://dx.doi.org/10.1207/s15327752jpa4801_16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6707862&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21774907&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0b013e3181abe9f2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19680081&dopt=Abstract
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-782X2002001500004&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12532242&dopt=Abstract
http://occmed.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=22965867
http://dx.doi.org/10.1093/occmed/kqs140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22965867&dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqr037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21505089&dopt=Abstract
http://dx.doi.org/10.2466/pr0.1986.59.2.827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3809343&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10481183&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10737694&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12015238&dopt=Abstract
http://dx.doi.org/10.1590/S1135-57272012000500006
http://dx.doi.org/10.1097/NND.0000000000000038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24845088&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Müller MP, Hänsel M, Fichtner A, Hardt F, Weber S, Kirschbaum C, et al. Excellence in performance and stress reduction
during two different full scale simulator training courses: a pilot study. Resuscitation 2009 Aug;80(8):919-924. [doi:
10.1016/j.resuscitation.2009.04.027] [Medline: 19467753]

32. Dyer IR, Byrne AJ. Heart rate as a measure of stress during real and simulated anaesthetic emergencies. Anaesthesia 2002
Dec;57(12):1215-1216 [FREE Full text] [Medline: 12437715]

33. Megel ME, Black J, Clark L, Carstens P, Jenkins LD, Promes J, et al. Effect of High-Fidelity Simulation on Pediatric
Nursing Students’ Anxiety. Clinical Simulation in Nursing 2012 Nov;8(9):e419-e428. [doi: 10.1016/j.ecns.2011.03.006]

34. Bong CL, Lightdale JR, Fredette ME, Weinstock P. Effects of simulation versus traditional tutorial-based training on
physiologic stress levels among clinicians: a pilot study. Simul Healthc 2010 Oct;5(5):272-278. [doi:
10.1097/SIH.0b013e3181e98b29] [Medline: 21330809]

35. Bandura A. Perceived Self-Efficacy in Cognitive Development and Functioning. Educational Psychologist 1993
Mar;28(2):117-148. [doi: 10.1207/s15326985ep2802_3]

36. Karabacak Ü, Serbest Ş, Kan Z, Eti Aslan F, Olgun N. Relationship between student nurses' self-efficacy and psychomotor
skills competence. Int J Nurs Pract 2013 Apr;19(2):124-130. [doi: 10.1111/ijn.12051] [Medline: 23577969]

37. Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT, et al. Interpreting the clinical importance of
treatment outcomes in chronic pain clinical trials: IMMPACT recommendations. J Pain 2008 Feb;9(2):105-121. [doi:
10.1016/j.jpain.2007.09.005] [Medline: 18055266]

38. McKay KAC, Buen JE, Bohan KJ, Maye JP. Determining the relationship of acute stress, anxiety, and salivary alpha-amylase
level with performance of student nurse anesthetists during human-based anesthesia simulator training. AANA J 2010
Aug;78(4):301-309. [Medline: 20879631]

39. DeMaria S, Silverman ER, Lapidus KAB, Williams CH, Spivack J, Levine A, et al. The impact of simulated patient death
on medical students' stress response and learning of ACLS. Med Teach 2016 Jul;38(7):730-737. [doi:
10.3109/0142159X.2016.1150986] [Medline: 27052665]

40. Henrichs B, Rule A, Grady M, Ellis W. Nurse anesthesia students' perceptions of the anesthesia patient simulator: a qualitative
study. AANA J 2002 Jun;70(3):219-225. [Medline: 12078470]

41. McGuire K, Lorenz R. Effect of Simulation on Learner Stress as Measured by Cortisol: An Integrative Review. Nurse Educ
2018;43(1):45-49. [doi: 10.1097/NNE.0000000000000393] [Medline: 28538244]

42. Khadivzadeh T, Erfanian F. The effects of simulated patients and simulated gynecologic models on student anxiety in
providing IUD services. Simul Healthc 2012 Oct;7(5):282-287. [doi: 10.1097/SIH.0b013e31826064b7] [Medline: 22864014]

43. Allan CK, Thiagarajan RR, Beke D, Imprescia A, Kappus LJ, Garden A, et al. Simulation-based training delivered directly
to the pediatric cardiac intensive care unit engenders preparedness, comfort, and decreased anxiety among multidisciplinary
resuscitation teams. J Thorac Cardiovasc Surg 2010 Sep;140(3):646-652 [FREE Full text] [doi: 10.1016/j.jtcvs.2010.04.027]
[Medline: 20570292]

Abbreviations
BP: blood pressure
CPR: cardiopulmonary resuscitation.
DBP: diastolic blood pressure
ERC: European Resuscitation Council
HADS: Hospital Anxiety and Depression Scale
HFCS: high-fidelity clinical simulation
HR: heart rate
SBP: systolic blood pressure

Edited by G Eysenbach; submitted 16.05.18; peer-reviewed by E Navarro Flores, P Palomo López; comments to author 06.06.18;
revised version received 07.06.18; accepted 23.06.18; published 15.08.18

Please cite as:
Fernández-Ayuso D, Fernández-Ayuso R, Del-Campo-Cazallas C, Pérez-Olmo JL, Matías-Pompa B, Fernández-Carnero J, Calvo-Lobo
C
The Modification of Vital Signs According to Nursing Students’ Experiences Undergoing Cardiopulmonary Resuscitation Training
via High-Fidelity Simulation: Quasi-Experimental Study
JMIR Serious Games 2018;6(3):e11061
URL: http://games.jmir.org/2018/3/e11061/ 
doi:10.2196/11061
PMID:30111529

JMIR Serious Games 2018 | vol. 6 | iss. 3 | e11061 | p.11http://games.jmir.org/2018/3/e11061/
(page number not for citation purposes)

Fernández-Ayuso et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.resuscitation.2009.04.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19467753&dopt=Abstract
http://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0003-2409&date=2002&volume=57&issue=12&spage=1215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12437715&dopt=Abstract
http://dx.doi.org/10.1016/j.ecns.2011.03.006
http://dx.doi.org/10.1097/SIH.0b013e3181e98b29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21330809&dopt=Abstract
http://dx.doi.org/10.1207/s15326985ep2802_3
http://dx.doi.org/10.1111/ijn.12051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23577969&dopt=Abstract
http://dx.doi.org/10.1016/j.jpain.2007.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18055266&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20879631&dopt=Abstract
http://dx.doi.org/10.3109/0142159X.2016.1150986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27052665&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12078470&dopt=Abstract
http://dx.doi.org/10.1097/NNE.0000000000000393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28538244&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0b013e31826064b7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22864014&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0022-5223(10)00432-0
http://dx.doi.org/10.1016/j.jtcvs.2010.04.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20570292&dopt=Abstract
http://games.jmir.org/2018/3/e11061/
http://dx.doi.org/10.2196/11061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30111529&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©David Fernández-Ayuso, Rosa Fernández-Ayuso, Cristino Del-Campo-Cazallas, José Luis Pérez-Olmo, Borja Matías-Pompa,
Josué Fernández-Carnero, Cesar Calvo-Lobo. Originally published in JMIR Serious Games (http://games.jmir.org), 15.08.2018.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Serious Games, is properly cited. The complete bibliographic information, a
link to the original publication on http://games.jmir.org, as well as this copyright and license information must be included.

JMIR Serious Games 2018 | vol. 6 | iss. 3 | e11061 | p.12http://games.jmir.org/2018/3/e11061/
(page number not for citation purposes)

Fernández-Ayuso et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

