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Abstract. – OBJECTIVE: This longitudinal de-
scriptive study aimed to evaluate cognitive skills 
acquisition in basic Cardiopulmonary Resusci-
tation (bCPR) among a group of Year 5 and Year 
6 primary school pupils. The study made use of 
online tools due to the impossibility of conven-
tional methods during the COVID-19 lockdown. 

MATERIALS AND METHODS: Pupils received 
formal training in bCPR. Training was impart-
ed uniformly by a teacher at the school (quali-
fied in Basic Life Support -BLS- and Advanced 
Life Support -ALS- training by the CPR Nation-
al Plan). The skills acquired (those proposed 
as essential for bCPR training by the European 
Resuscitation Council) were evaluated fifteen 
weeks later. Skills acquisition was evaluated 
by means of an online questionnaire developed 
specifically for the study.  

RESULTS: In all the cognitive skills included 
in bCPR training, the acquisition level achieved 
was over 65%. Acquisition of knowledge of the 
anatomical areas at which cardiac massage must 
be applied and the means of emergency systems 
activation was high, while 25.5% of pupils knew 
the order in which maneuvers should be per-
formed. Pupils’ self-confidence and self-percep-
tion of their capacity to act when faced with a real 
CPR situation increased significantly. 

CONCLUSIONS: Primary school pupils 
learned all the cognitive skills involved in bCPR, 
showing high levels of skills acquisition and 
positive self-perception of their capacity to ap-
ply them.

Key Words:
COVID-19, Online tools, Training, Basic cardiopul-

monary resuscitation (bCPR), Primary school pupils.

Introduction

Some 80% of extra-hospital cardiorespiratory 
arrests (EHCRA) have an etiology deriving from 
shockable rhythms: ventricular fibrillation (VF) and 
pulseless ventricular tachycardia (PVTC). Arrhyth-
mias are treated by means of defibrillation. For each 
minute that this is delayed, the probability that it 
will be effective decreases by 10-12%. Dr. Drink-
er’s survival curve1 describes the reduction in the 
probability of survival for each 60 seconds that the 
patient spends without receiving correctly applied 
assistance. Although it is difficult to estimate the 
incidence and survival rates after EHCRA, some 
studies2-4 propose a percentage of around 10%.  In 
light of Dr. Drinker’s survival curve2 this low sur-
vival rate may be explained by the fact that on av-
erage emergency services in Spain take 11 minutes 
to reach the patient. So, following EHCRA, early 
recognition of cardiac arrest and immediate acti-
vation of emergency services, as well as applying 
chest compressions at once, will double or even qua-
druple the chances of survival5.

70% of EHCRAs occur in the presence of a 
family member or other person. However, the 
rates of citizens capable of implementing BLS 
when faced with a CRA are below 20% in most 
countries, although in some countries they reach 
between 60 and 80%. This represents an evident 
public health problem that can only be solved by 
involving the general public. It is highly likely 
that the first person to intervene in a case of EH-
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CRA will not be a healthcare professional. This 
highlights the importance of CPR training for the 
general public6. The current sequence of steps for 
CPR is the BLS algorithm recommended by the 
European Resuscitation Council (ERC) (2015)7.

Imparting basic CPR skills to the general pub-
lic presents two problems: firstly, the difficulty of 
remembering the skills that have been imparted, 
and secondly, the costs involved in implementing 
public training programs. For these reasons, re-
cent debate8 has focused on the performance and 
cost effectiveness of online learning. It would ap-
pear that blended learning, a combination of face-
to-face learning with distance learning, offers 
a range of advantages. The current COVID-19 
pandemic has made it necessary to develop and 
implement blended learning – often as the first 
and only choice. While cognitive aspects can 
be taught online, face-to-face learning remains 
necessary for imparting procedural skills. So, 
various CPR training initiatives involving blend-
ed learning have been implemented. However, 
voluntary CPR training for adults remains in-
sufficient to train the 15-20% of the population 
required to improve survival rates following EH-
CRA. In this context, the introduction of compul-
sory training in CPR in primary education offers 
a promising means of achieving sustainable im-
provements to the low rates of BLS skills among 
the general population9.

The International Liaison Committee on Re-
suscitation (ILCOR) and the World Federation of 
Societies of Anesthesiologists (WFSA) have de-
veloped an initiative known as “Kids Save Lives.” 
This aims to introduce CPR training for school-
age children all over the world6. The scheme re-
ceived the backing of the WHO in 2015. It argues 
that teaching CPR to all school children will 
produce a notable improvement in CRA surviv-
al rates everywhere. School children have a less 
inhibited approach to CRA, the most inhibiting 
factor in taking practical measures in real life 
being the fear of making mistakes. They also re-
spond better to instruction and are keen to learn 
how to help others. Moreover, by starting training 
at an early age it is hoped that children will not 
forget the skills they acquire. It is also likely that 
they will go on to teach CPR to their families, pu-
pils and teachers being important multipliers, so 
that the proportion of skilled individuals among 
the general population should increase consider-
ably10-12. For this reason, the compulsory training 
of school children could have a major impact on 
improving CRA survival rates through the inter-

ventions of passers-by, and also, become a suc-
cessful mean of spreading CPR skills among the 
population at large6,11.

The aim of this pilot study was to analyze the 
levels of cognitive skills acquisition in basic Car-
diopulmonary Resuscitation (bCPR) in a group of 
Year 5 and Year 6 Primary School pupils using an 
online tool, as it was impossible to employ conven-
tional methods due to the COVID-19 lockdown.   

Materials and Methods

Study Design
This longitudinal descriptive study with fol-

low-up was approved by the University of Grana-
da Ethics Committee (Reg. Nº 1362/CEIH/2020). 
The study population comprised 157 pupils at-
tending “La Inmaculada” Hermanos Maristas 
Primary School (Granada, Spain), all in year 5 or 
year 6 and aged 10-12 years (Third Cycle of Com-
pulsory Primary Education). 

Training Process Characteristics 
Firstly, formal training in basic Cardiopulmonary 

Resuscitation was provided. Subsequently, the cog-
nitive skills acquired by the pupils were evaluated. 
Training was imparted uniformly by a teacher at 
the school (qualified BLS and ALS instructor by the 
CPR National Plan). Before pupil training began, 
two one-day workshops were held to impart (and 
certify) bCPR skills to a total of 50 primary school 
staff12. For the school pupils taking part in the study, 
two training sessions were designed based on the 
international recommendations of the ERC1. As this 
was a large-scale training scheme, a considerable 
quantity of training equipment was needed, in this 
case, the Resusci Anne Simulator marketed by Laer-
dal® (Stavanger, Norway). The teaching imparted is 
the same as for adults although the vocabulary used 
must be adapted to make it easily understood by a 
younger age group. All training was given as part of 
the school timetable.

Evaluation Process Characteristics 
Skills acquisition was evaluated 15 weeks af-

ter the training phase. The evaluation method (as 
in all medical disciplines) had to be adapted in 
response to the state of alarm and lockdown de-
clared by the Spanish government in response to 
the COVID-19 pandemic13. This meant develop-
ing a specific online questionnaire – the subject 
of the present study – designed to meet these 
circumstances. The parameters evaluated were 
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those established by the European Resuscitation 
Council (ERC) as essential to bCPR training (Ta-
ble I). Due to the lockdown, the parameters were 
evaluated via an IT platform in the form of an on-
line questionnaire. The online questionnaire was 
produced using the online tool Microsoft Forms® 

(Redmond, WA, USA) and was delivered to the 
pupils via the platform Microsoft Teams® (Red-
mond, WA, USA) together with a task belonging 
to the Physical Education syllabus. The partici-
pants were asked to complete the questionnaire 
simultaneously within a set timetable to avoid 
any consultation between the children. 

Results

When the evaluation results have been collect-
ed, they underwent quantitative statistical analy-
sis. Regarding cognitive bCPR skills, these were 
assessed as 12 dichotomous variables (Yes/No 
answers). For all the cognitive skills that make up 

bCPR (variables 2-12) 60% of the pupils respond-
ed positively (Table II). Of the skills that obtained 
more than 60% positive answers, all except one 
(variable 4) obtained over 70%. It should be not-
ed that the evaluation under COVID-19 lockdown 
was performed 15 weeks after the training ses-
sions. Analysis of the 12 variables showed that 
the skills that were acquired most effectively 
were: 1) knowledge of the anatomical spot where 
continuous cardiac massage should be applied; 2) 
knowledge of the emergency telephone number 
to call and how to make the call; 3) knowledge 
of how long to continue CPR. The children’s 
self-perception of the skills learnt and their ca-
pacity to apply them is shown in Table III.  

Discussion

Traditionally, skills training and the evaluation 
of its efficacy have been based on face-to-face 
classroom activity14. The state of alarm and lock-

Table I. Real time PCR primers.

Qualitative variables 
1. Sex

Quantitative variables 
2. Age
3. Days of training completed

Evaluation of bCPR cognitive skills

Qualitative variables (Dichotomous questions: Yes/No)
 1. Does he/she know the order in which bCPR procedures are carried out? 
 2. Does he/she know how to interpret the shouting and shaking technique to check for unresponsiveness?
 3. Does he/she know which vital sign (respiration) to check to detect cardiopulmonary arrest?  
 4. Does he/she know the technique for detecting cardiopulmonary arrest?  (Head-tilt-chin-lift/look, listen, feel)
 5. Does he/she what telephone number to call to activate emergency services and how to make the call?  
 6. Does he/she understand the importance of continuous correctly applied cardiac massage?  
 7. Does he/she know where on the anatomy to apply continuous correctly-applied cardiac massage?   
 8. Does he/she know how to give chest compressions correctly? 
 9. Does he/she know how to give mouth-to-mouth resuscitation and the order in which the maneuvers are carried out? 
10. Does he/she know how many compressions make up each cycle? 
11. Does he/she know how many insufflations make up each cycle? 
12. Does he/she know how long to continue CPR for? 

Evaluation of self-perceptions of learning received and ability to act

Qualitative variables (Ordinal questions: Incapable/Low capability/Able/Very able)
 1. Self-perception of ability to act in a real CPA situation before receiving training.
 2. Self-perception of ability to act in a real CPA situation after receiving training.
Qualitative variables (Ordinal questions: Incapable/Low capability/Able/Very able)
 3. Difficulty experienced in bCPR training 
Qualitative variables (Dichotomous questions: Yes/No)
 4. Belief in ability to teach an adult how to carry out the principal maneuvers involved in bCPR. 
Quantitative variables 
 5. Self-assessment (0-10) of knowledge and understanding of bCPR



A. Cárdenas-Cruz, G. Gómez-Moreno, A. Romero-Linares, et al.

6778

Table II. Comparison of variables analyzed.

 Variable evaluated Yes (%) No (%)

 1. Does he/she know the order in which bCPR procedures are carried out?  25.5 74.5
 2. Does he/she know how to interpret the shouting and shaking technique to check 74.5 25.5
 for unresponsiveness?
 3. Does he/she know which vital sign (respiration) to check to detect cardiopulmonary arrest?   84.9 15.1
 4. Does he/she know the technique for detecting cardiopulmonary arrest?   66 34
 (Head-tilt-chin-lift/look, listen, feel)
 5. Does he/she what telephone number to call to activate emergency services and   96.2 3.8
 how to make the call? 
 6. Does he/she understand the importance of continuous correctly applied cardiac massage?   80.2 19.8
 7. Does he/she know where on the anatomy to apply continuous correctly-applied    98.1  1.9
 cardiac massage? 
 8. Does he/she know how to give chest compressions correctly?  84 16
 9. Does he/she know how to give mouth-to-mouth resuscitation and the order in which  71.7 28.3
 the maneuvers are carried out? 
10. Does he/she know how many compressions make up each cycle?  79.2 20.8
11. Does he/she know how many insufflations make up each cycle?  75.5 24.5
12. Does he/she know how long to continue CPR for?  86.8 13.2

Table III. Main results obtained in the study.
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down declared by the Spanish government in re-
sponse to the COVID-19 pandemic suddenly put 
an end to classroom learning at all educational 
levels. This obliged educators to seek alternative 
means of teaching based on IT platforms and 
online training and evaluation. In this study, the 
training program had already been provided in 
face-to-face classes during the months just before 
the pandemic arrived in Spain. But the evalua-
tion phase of the program had to be designed and 
implemented during the month of March, since 
it was impossible to bring the schoolchildren to-
gether at school for assessment due to the lock-
down and school closure. Faced with this situa-
tion, it was necessary to design a tool that would 
provide cognitive skills assessment to all the par-
ticipants in bCPR training.   

Primary school is considered a suitable setting 
for initiating bCPR training for several reasons: 
almost 100% of the population attends primary 
school15; young people tend to frequent the pub-
lic spaces (streets, shopping centers, parks, etc.) 
where EHCRAs occur; having received bCPR 
training, they can act as potential resuscitators. 
Since 2003-2004, both ILCOR and AHA have 
recommended the introduction of resuscitation 
training in primary education15. It has been shown 
that children act as ‘multipliers’ by sharing their 
newly acquired knowledge with family members 
and others9,12,16. The results of the present study 
support this idea, given that as many as 96.2% of 
the participants stated that they were willing and 
able to teach bCPR to an adult. In this way, there 
is increasing evidence that primary school pupils 
are an appropriate and receptive group for bCPR 
training. Nevertheless, some investigations have 
shown that it is only after the age of 13 years (or 
50 kg body weight) that an individual reaches the 
physical conditions required to apply CPR tech-
niques effectively15. There is a direct association 
between age, weight, height and BMI and the 
depth of chest compressions applied17,18. In any 
case, the age recommended for training individ-
uals in manual CPR skills (cardiac massage and 
mouth-to-mouth resuscitation) remains unclear, 
although different studies have established an 
age range of 10-13 years. The population eval-
uated in the present study fell within this range. 
When evaluating the outcomes of bCPR training, 
several studies12,19-21 have not found differences in 
cognitive skills acquisition between different age 
groups, which makes it clear that primary school 
pupils are able to learn and retain bCPR and BLS 
skills and knowledge.

The results of the present work concur with 
findings in the studies cited above. Within our 
study population, the level of cognitive skills ac-
quisition was over 65% 15 weeks after training. 
Moreover, in response to the question “How did 
you find CPR training?” more than 60% replied 
that it was “easy” or “very easy,” while only 
1.89% classed it as “very difficult.” As in oth-
er similar studies, the questionnaire evaluated 
knowledge (cognitive skills) and psychological 
aspects related to bCPR, but not technical perfor-
mance of the maneuvers imparted. Nevertheless, 
the most important aspect of the training was 
not the acquisition of high-quality CPR skills 
but rather to improve the participants’ attitude 
to CPR and to instill a sense of its importance; 
this is known as “generating a culture of car-
diopulmonary resuscitation”. The present results 
showed that two hours theoretical and practical 
training had a positive effect on the pupils’ confi-
dence and self-perception of the abilities they ac-
quired, so that the number of participants who felt 
prepared to offer assistance doubled as a result of 
training (from 40 to 85%). This reflects and re-
inforces the findings of other studies regarding 
the impact these short training sessions have on 
pupils’ confidence in their own knowledge and 
capability22,23.

A study22 conducted at a school in Munich in 
2013 showed that students’ learning was retained 
and remained high nine months after training al-
though their self-confidence decreased consider-
ably. In the present study, evaluation took place 15 
weeks after training, and it would be interesting to 
carry out a second evaluation at some point in the 
future and attempt to establish an appropriate time 
lapse before refresher training becomes necessary.  

When it comes to imparting training of both 
cognitive and psychological capacities related to 
CPR for primary school children, other factors 
come into play, such as psychosocial strengths 
and obstacles deriving from their age. One of 
the items in the questionnaire analyzed the feel-
ings involved in not intervening in a possible 
CRA. Among the most common responses was “I 
would be afraid of making a mistake that makes 
the situation worse”. This is a similar finding to 
other studies24, which have highlighted this fear 
as the most inhibiting factor when the individual 
is faced with a real CRA situation. Other com-
mon psychosocial barriers were “adults will not 
let me act because I am a child,” and “I would 
be disgusted or too shy to give mouth-to-mouth 
resuscitation”. The latter offers an argument in 
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favor of children only giving CPR in the form of 
chest compressions. But the study population’s 
young age had very positive aspects. Their inter-
est, keenness, and receptiveness to new knowl-
edge was outstanding. Moreover, primary school 
children are much less influenced by social pres-
sures and less anxious about participating in CPR 
than at later stages of education25.

One of the most common questions raised by 
the children when they finished training con-
cerned the use of an external automatic defibrilla-
tor (EAD). Many countries do not allow EAD use 
by minors although it has been shown that with 
a little training, a child as young as six years can 
use an EAD safely24. It could be beneficial to in-
clude EAD training, providing this complies with 
the legislation in force locally. 

Analysis of the present results, together with 
previously published scientific literature18,20,23 

confirm the need to establish a formal and stan-
dardized teaching method within primary educa-
tion (years 5 and 6), incorporating CPR training 
into the syllabus26,27. Further research is needed 
to establish the correct methods and to analyze 
retention of the skills acquired. Procedural skills 
training and training in positive attitudes towards 
CPR may be additional options, accompanied by 
assessment of their efficacy in practice.  

Conclusions

Primary school pupils in years 5 and 6 were 
able to learn all the cognitive skills included in 
bCPR uniformly. After training, they showed a 
high level of skills acquisition and good self-per-
ception of their ability to act in a CPA situation. 
The evaluation of skills acquisition was carried 
out thanks to the development of an online tool 
developed specially for this study. 
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