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Abstract: Background and Objectives: International institutions together with the World Health Organ-
isation recommend the teaching of BLS in schools. Therefore, the objective of this research was to
study the feasibility of teaching CPR and AED through the flipped classroom, exploring the medium-
and long-term retention of knowledge and practical skills among high school students. Materials
and Methods: The sample consisted of 260 secondary schoolchildren (137 in the experimental group
(EG) and 123 in the control group (CG)) between 12 and 14 years old (M = 12.75 £ 1.02). Results:
The data revealed that the EG obtained better post-course results in the correct position of the hands
(p = 0.011), the depth of external cardiac compression (p > 0.001), and the mean time to apply an
effective shock with the AED (p = 0.013). The CG obtained better results in compressions with
complete chest re-expansion (p = 0.025). These differences disappeared at 6 months (p > 0.05) and
12 months (p > 0.05). Conclusions: A training program based on the flipped classroom is as effective
and viable as traditional training, although more efficient since it is applied in less time, in the
sequence of action in BLS, CPR skills, and the application of an effective shock with an AED.

Keywords: schoolchildren; skills; cardiopulmonary resuscitation; automated external defibrillator;
training method

1. Introduction

Training in basic life support (BLS) and using an automated external defibrillator
(AED) of the general population is widely recognised to promote a positive attitude towards
cardiopulmonary resuscitation (CPR) [1]. Additionally, bystander BLS improves survival
chances in out-of-hospital sudden cardiac arrest [2].

CPR and AED training in schools is considered an essential and effective part of
disseminating knowledge, skills, and positive attitudes towards CPR and AED among
the general population [3-5] since it is an easily accessible population that is attracted
to learning these contents and skills [6,7]. For this reason, education in BLS in early
childhood can be key not only because it can increase the effective number of witnesses
who provide cardiopulmonary resuscitation (CPR) and early defibrillation [8], but also
because schoolchildren are considered potential knowledge multipliers in BLS [9-11].

It has long been established that BLS and AED courses improve knowledge immedi-
ately after application, while knowledge and skill retention have been explored less [6,12].
Previous studies indicate that CPR skills can deteriorate in 3—-6 months [5,13,14], while AED
use skills last longer [13,15].

The existing literature advocates an annual 2-h BLS and AED training from the age
of 12 [16,17]. Unfortunately, they are difficult to implement in schools due to their operation.
For example, in Spain, classes last 50 min each session; therefore, this implementation causes

Medicina 2023, 59, 1526. https:/ /doi.org/10.3390/medicina59091526

https://www.mdpi.com/journal /medicina


https://doi.org/10.3390/medicina59091526
https://doi.org/10.3390/medicina59091526
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/medicina
https://www.mdpi.com
https://orcid.org/0000-0002-4719-7686
https://orcid.org/0000-0003-2555-0319
https://doi.org/10.3390/medicina59091526
https://www.mdpi.com/journal/medicina
https://www.mdpi.com/article/10.3390/medicina59091526?type=check_update&version=1

Medicina 2023, 59, 1526

20f12

classes to come to a standstill, and many teachers are unwilling [18]. To implement this
knowledge, there are numerous methods of teaching BLS to schoolchildren, in whom it was
shown that 30-min BLS courses with mannequins were as effective as classic 2-h courses [19].
The flipped classroom methodology has been explored little in this regard. This teaching
method seeks to maximise attention to the fundamental aspects of each subject, and thanks
to it, the learning of practical skills in CPR and AED can be implemented within school
hours since students work on theoretical content at home, and in the classroom, the focus
is on practical skills, which are considered the key points [20]. With the use of the flipped
classroom, it is intended to use a method that allows a large number of schoolchildren to
be taught in a short time and prevents what has been learned from being forgotten as soon
as possible [21]. For this reason, the European Resuscitation Council (ERC) recommends
the use of virtual learning environments for e-learning of prior skills as part of a blended
learning approach or for autonomous learning options [22].

The aim of this research was to compare the flipped classroom with traditional teaching
and to explore the medium- and long-term retention of knowledge and practical skills
learned among secondary schoolchildren after a CPR and AED course.

2. Materials and Methods
2.1. Study Design

A quasi-experimental design including post-test measurements [23] with follow-up at
6 and 12 months and a control group was used to perform this research.

2.2. Participants

Two secondary schools in northwestern Spain were invited to participate in the re-
search. As an inclusion criterion, it was proposed that only students who did not have a
physical or mental disability that prevented them from learning and performing basic CPR
manoeuvres and use of the AED in the 1st and 3rd years of secondary education would
participate in this research. The schoolchildren who correctly answered the questions
regarding the sequence of action for a person with possible cardiac arrest and the correct or-
der of application of an effective shock were rejected from the investigation. Schoolchildren
who did not participate in the entire process or were admitted to the educational centre
after the start of the study were excluded. In addition to this, the informed consent of their
parents or legal guardians was necessary for participation in this study.

2.3. Tools and Measurements

The following tools were used in the research’s development, and the variables men-
tioned below were gathered:

2.3.1. Ad Hoc Questionnaire

The ad hoc questionnaire used was made up of questions related to (1) the socio-
demographic data of the schoolchildren (i.e., name and surname, age, and sex, among
others); (2) previous training received in BLS (yes/no); (3) sequence of action for a person
with possible cardiac arrest (1. scene security; 2. consciousness assessment; 3. breathing
assessment; 4. emergency medical service (EMS) call; 5. position of the hands and initiation
of external chest compressions); and (4) correct order of AED application (1. turn on,
2. apply patches, 3. insert patch connector, 4. follow instructions, 5. shock). Questions (3)
and (4) were scored as correct or incorrect according to the answers and the order given by
the schoolchildren since these answers were out of order and they had to number them in
the correct order of execution.

2.3.2. Anthropometric Data

The weight and height of each schoolchild were assessed barefoot and in comfortable
clothing using a scale and a stadiometer, respectively. The body mass index (BMI) was
calculated using the formula weight (Kg)/(height (m))?. The space used for this part of the
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research was cosy and allowed for the schoolchildren participants” privacy. The room was
occupied by the researchers and one person from the educational centre’s management
staff for each gender. In both schools, the measurements were conducted uniformly and in
accordance with the standard methods.

2.3.3. CPR Data Collected

The Laerdal Resusci Anne CPR mannequin with SkillReporter software version 2.4
(Laerdal Medical AS, Stavanger, Norway) was used to perform CPR and collect data. It
was exclusively programmed for chest compressions.

The variables related to the quality of CPR execution collected were % total quality
of hands-only CPR (75-100%); total compressions in 1 min (100-120) and 2 min (200-240);
% of correct hand positioning during compressions (100%); compression depth (50-60 mm);
and % of compressions with complete re-expansion (100%). Variables were categorised as
achieved/not achieved.

Prior to performing the external cardiac compressions, the researchers used a check-
list to record whether the schoolchildren executed the following actions: scene security,
consciousness assessment, breathing assessment, emergency medical system (EMS) call,
positioning of the hands, and initiation of external chest compressions.

2.3.4. AED Data Collection

The source of instruction for using an AED was the Laerdal AED trainer, a simulation
of the HeartStart FR2+ Philips Defibrillator. The following variables were collected to record
the use of the AED: 1. effective shock; 2. execution safety; 3. quality shock; 4. errors made;
and 5. time to give an effective shock. An effective shock was considered one for which no
errors were made that altered the target of the shock (i.e., chest patch below the midline
of the heart; rib patch below the midline of the heart; delivering a shock without placing
the patches; shocking without pasting the patches, or misplaced patches). Execution safety
was considered if the schoolchildren were not in contact with the mannequin at the time of
the shock. A quality shock was considered one for which no errors were made, the shock
was performed safely, and the execution order (1. power on; 2. apply patches; 3. insert the
patch connector; 4. follow instructions; and 5. shock) was correct.

2.4. Procedure

To carry out this research, the management of the 2 educational centres was contacted;
the objective of the study was explained; and, later, a letter was sent to the parents and/or
legal guardians explaining the objective, purpose, design, and procedure of the study
(data collection, analysis methods, and their subsequent use), in addition to the decla-
ration of confidentiality, voluntary participation, and the possibility of withdrawing the
schoolchildren from the study at any time they wished.

The required sociodemographic data (age, sex, height, and weight) were recorded
once the parents’ signed informed consent was obtained. In order to assist the construction
of the training programmes in the control group (CG) (traditional training programme) and
the experimental group (EG) (flipped classroom training programme), the schoolchildren
were then randomised by natural groups (belonging to the same group-classroom and
school). An ad hoc questionnaire was presented to the participating schoolchildren before
the training programmes to ascertain their background knowledge of BLS.

A 50-min theoretical-practical course with instructor-led training in BLS and AED
was provided to the CG. During this time, focus was placed on the value of performing
hands-only CPR without pausing and using the AED in accordance with the guidelines set
forth by the European Resuscitation Council (ERC) [24]. Assuring the victim's safety in the
area, identifying unconsciousness, opening the airway and controlling breathing, raising
the alarm for emergency medical services, performing chest compressions, and starting an
AED were all practised during the practical portion, which lasted 10 min and had a ratio of
one monitor, one CPR mannequin, and one AED for every two schoolchildren (hands-only



Medicina 2023, 59, 1526

40f12

CPR for was performed for 2 min, and the partner applied the AED). Each schoolchild
underwent this cycle twice.

The EG was given the same ad hoc questionnaire as the CG but through the virtual
classroom in the physical education subject of each educational centre. This questionnaire
had to be answered to gain access to 2 short videos; one of external cardiac massage of
compressions only, lasting 3 min and 20 s (https:/ /www.youtube.com/watch?v=ZQdwoRf-
TLg (accessed on 17 October 2022)), and another on the use of AEDs, lasting 3 min 57 s
(https:/ /www.youtube.com /watch?v=6W4zbqWWDs20 (accessed on 17 October 2022).;
both have been used in other similar studies [9,25,26]. The schoolchildren were able to
watch the videos as many times as they wanted. The day after this task, the schoolchildren
received the same practical part as the CG under the same conditions at school.

Following training, each schoolchild was led in solitude to a room with a simulated
situation set up, including an AED and a Laerdal Resusci Anne Q-CPR mannequin set to
compressions-only mode. Each schoolchild was instructed to behave in accordance with
their retention of the training process. The parameters started to be recorded when the
schoolchildren started performing hands-only CPR. The schoolchildren were instructed to
use the AED on the mannequin’s bare chest after the 2 min of external cardiac compressions,
recording any potential mistakes in its use and the time it took to deliver an effective shock.
The interval between when they picked up the AED and when they activated the shock
button was recorded. Two BLS experts evaluated the entire process in real-time by following
the checklists.

The entire procedure was carried out in compliance with the Declaration of Helsinki
and the most recent international standards for cardiopulmonary resuscitation [24]. The
University of Santiago de Compostela’s Ethics Committee gave their approval of the
research protocol.

2.5. Data Analysis

Quantitative variables were expressed as measures of central tendency (means and
standard deviation), and categorical variables were expressed as frequencies and percent-
ages, as appropriate. The t-test for independent samples was used before the application of
the training programs to evaluate the differences between the control (CG) and experimen-
tal (EG) groups in terms of age, weight, height, and body mass Index. To check whether the
previous training received, the sequence of action in terms of CPR and AED, and gender
were similar in both groups, the chi-square test was used. After the training process was
applied in both groups, to evaluate the differences between groups (CG vs. EG) in terms of
the sequence of action for a person with possible cardiac arrest, as well as the achievement
or not of quality external cardiac compression parameters and the application of the AED
in terms of effective discharge, performance safety, and objective quality, the chi-square
test with Cramer’s V statistic was used at each of the time points (post-training, 6 months
after training, and 12 months after training). The independent samples t-test was used to
establish the differences in the times of application of an effective shock. Cohen’s d statistic
was used to establish statistical power (0.2 small; 0.5 medium; >0.8 large). SPSS software
(SPSS v.25, IBM Corporation, New York, NY, USA) was used for all statistical analyses. The
level of significance was set at p > 0.05.

3. Results

Initially, 309 schoolchildren were included in the study; however, 49 were excluded
for completing the initial questionnaire’s CPR and AED action sequence questions properly.
Finally, a total of 260 schoolchildren aged 12-14 years (M = 12.79; SD = 1.03) participated,
with a mean weight of 54.96 kg (£12.22) and a mean height of 162.76 cm (£9.42). Of these
260 schoolchildren, 117 (45.0%) were girls and 143 (55.0%) were boys.

According to the natural groups by course and class to which they belonged, the
schoolchildren participants were divided into the CG (traditional training, 123 schoolchil-
dren) and the EG (flipped classroom training, 137 schoolchildren). A total of 91 schoolchil-
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dren participants (CG = 40 and EG = 51) were assigned to re-test after six months of training,
and 169 schoolchildren participants (CG = 83 and EG = 86) were assigned to re-test after
twelve months, on the basis of the availability of educational centres (Figure 1).

Students contacted (N=309)

A4

Prior knowledge questionnaire

Knowledge
i > CPR Sequence n=16
l DEA Correct Order n =23
4
s
g Control Group Experimental Group
g n=123 n=137
<
i \4
50 minutes of traditional 15 minutes of flipped
theoretical training process + 15 classroom
min of practical skillsin CPR + 15 min of practical skills
and AED in CPR and AED
Post-training tests Post-training tests
1. CPR skills test 1. CPR skills test
2. AED use skills test 2. AED use skills test
o0
&
E | |
: i l l l
p=
Retest Retest Retest Retest
6 months 12 months 6 months 12 months
(n = 40) (n = 83) (n =51) (n = 86)
Action sequence before a person with possible cardiac arrest (1. scene security; 2. consciousness
assessment; 3. breathing assessment; 4. Emergency Medical Service (EMS) call; 5. initiation of
e external chest compressions) and CPR skills
%’ [% total (> 75%); Number of compressions/min (100-120); Hand position (100%); Complete chest
:‘1 reexpansion (100%); Average depth (50-60 mm)
AED usage skills [Time to give an effective shock; Safety shock; Correct sequence (1. power on; 2.
apply patches; 3. insert the patch connector; 4. follow instructions and 5. shock)]

Figure 1. Research flowchart.

3.1. Baseline Characteristics

The initial characteristics of both groups appear in Table 1. The data indicate that there
were no differences in sociodemographic variables between groups (CG and EG).
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Table 1. Sample baseline characteristics.
Variable Control Group (1 =123) Experimental Group (n = 137) p-Value
Age (years) 12.84 £+ 1.02 12.74 £ 1.03 0.364
Gender (male/female) 67/56 76/61 0.437
Weight (kg) 54.88 = 12.44 55.03 = 12.06 0.921
Height (cm) 162.76 £ 9.74 162.76 +9.07 0.995
Body mass index (kg-m~?2) 20.60 £ 1.02 20.67 £ 1.03 0.880
Previous training received (yes/no) 97/26 107/30 0.882
lcomeet/incomct) 125/0 137/0 -
cornect/meotrec) 125/0 137/0 -
Note. Data are presented as mean = standard deviation or mean and frequencies.
3.2. Results Regarding the Sequence of Action in the Event of a Possible Cardiac Arrest
The results for the CG and EG groups at the three time points analysed (post-training,
6 months, and 12 months) are shown in Table 2. At both the post-training time point and
6 months after it, no statistically significant differences were found between the CG and
the EG in any of the variables studied. At 12 months after training, statistically significant
differences were only found in the action of calling the emergency number 112 (p = 0.034;
Cramer’s V = 0.163, p = 0.034), in favour of the CG (97.6% vs. 89.5%).
Table 2. Evaluation of CPR and AED skills after training (CG vs. EG) at 6 and 12 months.
Post-Training 6 Months Post-Training 12 Months Post-Training
(n = 260) (n=91) (n =169)
CG EG CG EG CG EG
(n =123) (n=137) (n = 40) (n =51) (n = 83) (n = 86)
No 52(42.3%)  42(30.7%)  5(12.5%) 6 (11.8%) 8 (9.6%) 3 (3.5%)
Scene security Yes 71 (57.7%)  95(69.3%)  35(87.5%)  45(882%)  75(90.4%) 83 (96.5%)
p-value 0.052 0.915 0.105
No 10 (82%) 14 (10.2%)  1(2.5%) 5 (9.8%) 1(1.2%) 5 (5.8%)
Consciousness assessment Yes 113 (91.8%) 123 (89.8%) 39 (97.5%)  46(90.2%)  83/98.8%) 81 (94.2%)
p-value 0.561 0.163 0.105
No 3 (2.4%) 4(2.9%) 1(2.5%) 2 (3.9%) 2 (2.4%) 2 (2.3%)
Breathing assessment 133
(open airway and check Yes 120O76%)  (qrogyy  39(975%)  29(96.1%)  81(97.6%)  84(97.7%)
breathing)
p-value 0.811 0.706 0.971
No 19 (154%) 20 (14.6%) 4 (10.0%) 3 (5.9%) 2 (2.4%) 9 (10.5%)
Emergency call Yes 104 (84.6%) 117 (854%) 36 (90.0%) 48 (94.1%)  81(97.6%) 77 (89.5%)
p-value 0.848 0.464 0.034
75-100 48 (39.0%) 57 (41.6%) 22 (55.0%) 22 (43.1%) 40 (48.2%) 46 (53.5%)
Percentage of total Oher 75(61.0%) 80 (58.4%) 18 (45.06%) 29 (56.9%) 43 (51.8%) 40 (46.5%)
compressions
p-value 0.672 0.296 0.540
100-120 24 (195%) 40 (29.2%) 12(30.0%)  15(31.4%) 36 (43.4%) 32 (37.2%)
Total compressions in 1 min Other 99 (80.5%) 97 (70.8%) 28 (70.0%) 35 (68.6%) 47 (56.6%) 54 (62.8%)
p-value 0.070 0.888 0.436
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Table 2. Cont.

Post-Training

6 Months Post-Training

12 Months Post-Training

(1 = 260) (n=91) (1 = 169)

100% 36(29.3%) 61 (44.5%) 31 (77.5%) 33 (64.7%) 61 (73.5%) 70 (81.4%)

Hand position during Other 87 (70.7%) 76 (55.5%) 9 (22.5%)  18(35.3%)  22(265%) 16 (18.6%)

COmpreSSlOn

p-value 0.011 0.249 0.270

5060 mm 63 (512%) 101 (73.7%) 24 (60.0%) 27 (529%) 46 (554%) 56 (65.1%)

Compression depth Other 60 (48.8%)  36(263%) 16 (40.0%) 24 (47.1%) 37 (44.6%) 30 (34.9%)
p-value <0.001 0.530 0.212

100% 59 (48.0%) 47 (343%) 20 (50.0%) 28 (549%) 43 (51.8%) 39 (45.3%)

Compressions with full Other  64(52.0%) 90 (65.7%) 20 (50.0%) 23 (45.1%) 40 (482%) 47 (54.7%)

re-expansmn

p-value 0.025 0.677 0.443

No 7 (5.7%) 5(3.6%)  11(27.5%) 11(Q2L6%) 23(27.7%) 27 (31.4%)

AED application with Yes 116 (94.3%) 132 (96.4%) 39 (97.5%) 50 (98.0%) 60 (72.3%) 59 (68.6%)

effective discharge
p-value 0.313 0.623 0.617
No 1(0.8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (3.5%)

AED application safely Yes 122 (99.2%) 137 (100%) 40 (100%) 51 (100%) 83 (100%) 83 (96.5%)
p-value 0.473 - 0.246

No 47 (382%)  41(29.9%) 23 (57.5%) 40 (784%) 62 (747%) 61 (49.6%)

AED application without Yes 76 (61.8%) 96 (70.1%) 17 (42.5%) 11 (21.6%) 21(253%) 25 (29.1%)

any errors
p-value 0.101 0.041 0.608
59.08

Average time toapplyan  M(SD)  6919(1083)  66.15(762) 57.49(860) 5474(919) [y 5979(926)

effective shock p-value 0.013 0213 0725

Note: M: Mean; SD: Standard deviation; CG: Control Group (traditional training); EG: Experimental Group
(flipped classroom training).

3.3. CPR Skills

Data regarding the quality of external cardiac compression skills are reflected in Table 2.
Statistically significant differences were found between the two groups (CG vs. EG) after
training in the number of schoolchildren who achieved 100% correct hand positioning
during external cardiac compressions; 45.0% of the EG schoolchildren managed to accom-
plish this, compared with 29.3% of the CG schoolchildren (X? = 6.450; p = 0.011, Cramer’s
V =0.158; p = 0.011). In addition to this, 101 schoolchildren (73.7%) in the EG managed to
perform the correct depth range (50-60 mm) compared with 63 schoolchildren (51.2%) in
the CG (X2 = 14.092; p > 0.001, Cramer’s V = 0.233; p = 0.001). Regarding compressions with
complete re-expansion (100%), statistically significant differences were found in favour of
the CG versus the EG (48.0% vs. 34.3%) (X% =5.009; p =0.025, Cramer’s V = 0.139; p = 0.025).
At 6 and 12 months after training, the statistically significant differences disappeared, and
similar results were obtained in both groups (Table 2).

3.4. AED Application

The results regarding the application of an effective shock with the AED after training
were 94.3% for the CG and 96.4% for the EG, and they were 97.5% for the CG and 98.0%
for the EG at 6 months (Table 2). At 12 months, this percentage decreased in both groups
(CG vs. EG) compared with the post-training time point and at 6 months. No statistically
significant differences were found regarding this variable between the two training groups
(CG vs. EG) at any of the three time points (post-training, 6 months, and 12 months).
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Regarding the safety in the application of the AED, there were no statistically signifi-
cant differences between the CG and the EG after training or at any of the three moments
(post-training, 6 months, and 12 months) since in 100% of some occasions and close to 100%
of others, the schoolchildren discharged the shock without touching the mannequin.

Regarding the performance of the shock without any error, the percentages were again
similar in both training groups (CG vs. EG), with no statistically significant differences at
the three time points (post-training, 6 months, and 12 months). However, the number of
schoolchildren who applied the AED shock without any errors decreased in both groups
when the time points were compared with each other (post-training vs. 6 months vs.
12 months).

The mean times of the schoolchildren who managed to perform an effective shock with
the AED were significantly better in the EG after training (p = 0.013; Cohen’s d = 0.328).
These times decreased at 6 months of training compared with post-training and subse-
quently increased at 12 months. Even so, the times obtained at 12 months compared with
the post-training times were still lower, although the percentage of schoolchildren who
were capable of applying an effective shock decreased.

4. Discussion

The objective of this research was to study the feasibility of teaching CPR and AED use
with flipped-classroom methodology (EG) compared with a traditional teaching method
and to explore the medium- and long-term retention of knowledge and practical skills
among secondary schoolchildren, considered a target population in the position “kids save
lives” promoted by the ERC [27].

The results obtained regarding the knowledge acquired after the application of the
training methods indicate that both produced an increase in the knowledge and skills of
schoolchildren [3,28-30]. Despite the fact that schoolchildren were capable of activating the
chain of survival and starting CPR, they did so without sufficient quality, as observed in
previous studies involving students of ages close to those in our study [31].

4.1. BLS Action Sequence

The BLS action sequence, as in previous studies [17,31], was followed by more than
half of the schoolchildren except for scene safety. This is probably due to this study’s use of
a simulated scenario with a mannequin in an environment, such as the one used (school),
that may give false security. In this type of study and environment, schoolchildren do not
pay as much attention to this aspect as if it were a real scenario with a human victim [32].
In this regard, it must be taken into account that the follow-up and application of the BLS
steps according to the recommendations [24,33], are not easy to achieve [34].

Despite this, both training processes resulted in a large number of schoolchildren being
able to follow the steps of this action sequence without significant differences between the
CG and the EG [29]. This ability was maintained at 6 and 12 months, except for the action
of calling the emergency services once the victim’s absence of breathing is detected, which
was followed by a higher percentage of students who received the traditional training
method. These findings are relevant as the ability to follow these steps in the face of a
person experiencing out-of-hospital cardiac arrest is critically important [22], especially
if we take into account that performing the steps correctly is not an easy task, even for a
trained adult [35].

4.2. Hands-Only CPR Skills

Regarding the quality of the skills in performing CPR [24], approximately half of
the participating schoolchildren in both the CG and the EG were able to execute quality
CPR [36] and retained these skills throughout time [29,37] at 6 and 12 months [18]. However,
the ability to perform the correct compression depth was the most difficult for many of the
participants in this study [30]. There was no difference in CPR skills between the CG and
the EG, as evidenced by a recent systematic review and meta-analysis [38].



Medicina 2023, 59, 1526

9of 12

In more detail, the performance of quality external cardiac compressions is closely
related to the anthropometry of schoolchildren [39,40]. Thus, the EG obtained better per-
centages than the CG, despite the fact that there were no differences in the anthropometric
characteristics in both training groups [41,42]. The EG also obtained better percentages in
the correct positioning of the hands during external cardiac compressions and at the correct
mean depth. These differences were reduced at 6 months as well as at 12 months [32,43,44].

The percentage of compressions with complete re-expansion is also an indication of
the quality of the external cardiac compressions so that the chest is fully released [24,33].
When analysing this variable, it was observed that half of the schoolchildren achieved 100%
in both groups [24,33], and this percentage increased after 6 and 12 months of training. This
could be because the percentage of schoolchildren achieving adequate depth is lower, and
consequently, re-expansion of the thorax is easier to achieve [45].

The adequate rate of compressions, which could be internalised by the feedback
given by the mannequin during training [46], depends not only on the anthropometry of
the schoolchildren [47] but also on the level of development and maturity of the motor
skills [48]. In this study, the percentage of the rhythm was similar in both groups and did
not reach 50% after training. At 6 and 12 months, the percentage of schoolchildren who
maintained this range of compressions per minute increased slightly, but in no case did it
reach 35% of the total.

4.3. AED Application

The percentages of performing the sequence in the correct order without committing
any error in the application of the AED were low in both groups, and this percentage
decreased at 6 and 12 months after the training. These findings are in line with what was
proposed by the ERC on education for resuscitation [22], which indicates that practical
skills in any activity need regular training for adequate performance, and in the case of
AED, this seems to be between 6 and 12 months.

Regarding the simulation of an effective shock with the AED, and after receiving the
training, the percentage of schoolchildren who managed to perform an effective shock
was almost 100% in both groups (CG and EG), a percentage that was maintained in those
schoolchildren evaluated at 6 months [15]. However, this percentage decreased in the
schoolchildren evaluated at 12 months, so refreshment of this skill should be made before
this time elapses [22].

Regarding the safety in the simulation of the application of a shock with the AED,
almost 100% performed it correctly in both groups (CG vs. EG) and at all time points
(post-training, 6 months, and 12 months) [4].

Lastly, when evaluating the time spent applying an effective shock with the AED, the
schoolchildren who were able to apply it did so in just over 60 s, a time similar to that
in previous studies with a population of similar age [15,49]. These results may suggest
the importance that schoolchildren give to the time factor in the case of cardiac arrest and
early defibrillation [49,50].

The limitations found were (1) the assignment to the control (CG) and experimental
group (EG) was not random and (2) the study involved a simulation on a mannequin,
and therefore, the results must be taken with caution since we do not know how the
schoolchildren would react in a real situation.

5. Conclusions

The results obtained in this study highlight that training through the flipped class-
room is feasible and can be implemented in the normal development of classes in schools
without interrupting their normal development or modifying the time structure of the
didactic sessions (50 min). In addition, it allows the implementation of the teaching of
the sequence of action for a person with possible cardiac arrest, the learning of quality
cardiac compressions, and the correct execution of the steps to follow to apply an effective
shock with an AED with the same results as traditional teaching but in less training time,
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according to the standards recommended by international institutions [24], so that teaching
can be focused on practical skills.

For this reason, it is considered that training courses in BLS with mixed methodol-
ogy should be promoted, in which the theoretical part can be worked on by secondary
schoolchildren at home, and in this way, more emphasis can be placed on practical train-
ing, in which secondary schoolchildren obtain the amount optimal training necessary for
proper performance of BLS and AED skills. Even so, it is recommended to refresh the
action sequence and CPR before 6 months and skills in the application of an effective shock
between 6 and 12 months.
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