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Abstract
Objective: To analyze the effectiveness of short training sessions on instructor-led and
computer-based resuscitation maneuvers for future lifeguards.
Methods: To measure effects of training methods on performance of a hands-only CPR
test, each participant completed testing H (1) before training (T1); (2) immediately after
completion of six short training sessions (T2); (3) 3 weeks after T2 (T3). The training
involved performing 4 rounds of 30 seconds of chest compressions with 30 seconds of
recovery between rounds. Participants were randomized to groups (G1 or G2) to receive
feedback at the end of each round from an instructor or from a manikin with a feedback
system, respectively.
Results: Twenty-seven participants (26% female) were included. After training,
performance of chest compressions in both training groups improved significantly in
terms of overall quality (P < 0.01) and of adequacy of compression depth (P < 0.01).
There were no significant differences in any of the three tests between G1 and G2.
Conclusions: Short training sessions with instructor or automated feedback effectively
improves quality of chest compressions and prolong skills retention in the short term.
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1. Introduction

Sudden cardiac arrest (SCA) represents one of the leading
causes of death in Europe, affecting around 350,000–700,000
individuals per year [1]; according to European registries,
approximately 275,000 cases occur outside of the hospital [2].
Early intervention with basic life support maneuvers increases
survival rates of people who have suffered a cardiorespiratory
arrest [3].
However, the quality of cardiopulmonary resuscitation

(CPR) must comply with the standards endorsed by scientific
evidence [4], which is specified in the recommendations
of the International Liaison Committee on Resuscitation
[1]. Recommended parameters for the quality of chest
compressions include: depth of compressions (5–6 cm),
frequency of compressions (100–120 per minute) and
complete chest re-expansion between compressions, and
“quality CPR” is defined as achieving this gold-standard 70%
of the time [5].
In Spain, the training courses designed for future lifeguards

include a compulsory 40-hour training module in first aid,
which integrates the acquisition of psychomotor skills and
abilities to perform CPR. In accordance with Royal Decree
1521/2007, these skills are essential within the professional

competences of lifeguards.
In basic life support training, theoretical content is taught,

videos are shown and practice is performed in relatively large
groups with feedback arising from an instructor’s observation
and subjective appreciation [6]. Additional feedback devices
are used, such as a metronome (which guides the timing range
between which compressions should be performed) and more
complex devices such as manikins providing real-time “feed-
back” which is reflected on a monitor via computer software
[7].
In contrast, short CPR trainings which facilitate access to

training processes and are useful tools to reinforce and update
previously acquired knowledge have proven useful at improv-
ing resuscitation knowledge and skills [8, 9]. The teaching
methodology applied in this type of theoretical-practical train-
ing should aim directly at generating skill retention by the
trainee, since poor initial performance and poor retention of
CPR skills means that the number of potential rescuers capable
of performing high quality CPR will be much smaller than the
number who have received training [10].
In the attempt to improve the quality of CPR, and thus

increase the survival rates of those suffering cardiorespiratory
arrest, new training methods have been developed and auto-
matic devices and computer applications have been designed to
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FIGURE 1. Flow chart of enrollment and study design.

improve out-of-hospital resuscitationmaneuvers [11, 12]. This
allows the retention of skills in lay people and even more so in
those professionals, such as lifeguards, who are responsible for
the safety of many people [11].
The aim of this study was to analyze the effectiveness of

short training sessions in Basic CPRwith an instructor andwith
computer software in future professional lifeguards.

2. Methods

2.1 Study population

Twenty-seven of the thirty students from a professional life-
guard course organized by the Spanish Red Cross invited to
this voluntary study; agreed to participate. None of the partic-

ipants had previous training in Basic Life Support (BLS). All
participants signed an informed consent document regarding
the performance of the tests and the subsequent use of the data
obtained. The study was approved by the Ethics and Research
Committee of the University of A Coruña (CEI-UDC, for its
Spanish initials). The research respected the norms established
in the Declaration of Helsinki of 1975.

2.2 Training & tests

Initially, all participants performed a Basic CPR test (hands
only) for 2 minutes (T1). Afterwards, the participants were
divided into two groups randomly: Group 1 (G1)-Instructor (n
= 14); Group 2 (G2)-Software (n = 13). In each of the three
training sessions were conducted (one per week), participants
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TABLE 1. Comparison between chest compressions tests (T1; T2; T3) in group 1 (Instructor).
Variables T1 T2 T3 P value Pairwise comparison

T1–T2 T2–T3 T1–T3
QCC (%) 55.0 ± 16.8 72.6 ± 21.3 63.8 ± 21.5 0.006* 0.037 0.080 0.481
CCP (%) 17.0 ± 34.0 50.0 ± 43.0 34.0 ± 43.0 0.003* 0.035 0.150 0.338
CCR (%) 34 (100) 80 (54) 75 (100) 0.178** – – –
CR (%) 100 ± 0.0 100 ± 0.0 100 ± 0.0 cons+ – – –
QCC, Overall quality of compressions; CCP, Compressions with adequate depth; CCR,
Compressions with adequate rhythm; CR, Compressions with complete chest recoil.
* Repeated measures ANOVA.
** Friedman Test.
+ Constant variable.

TABLE 2. Comparison between chest compressions tests (T1; T2; T3) in group 2 (Software).
Variables T1 T2 T3 P value Pairwise comparison

T1–T2 T2–T3 T1–T3
QCC (%) 53.5 ± 17.4 79.0 ± 16.7 73.7 ± 20.5 < 0.001* 0.004 0.379 0.031
CCP (%) 19.0 ± 22.0 61.0 ± 31.0 52.0 ± 48.0 < 0.001* 0.007 0.965 0.208
CCR (%) 40 (96) 80 (31) 85 (50) 0.086** – – –
CR (%) 100 (3) 100 (0) 100 (5) 0.174** – – –
QCC, Overall quality of compressions; CCP, Compressions with adequate depth; CCR,
Compressions with adequate rhythm; CR, Compressions with complete chest recoil.
* Repeated measures ANOVA.
** Friedman Test.

completed 4 rounds of 30 seconds of uninterrupted compres-
sions with 30 seconds of recovery between rounds. Feedback
was given only during the 30-second recovery period—i.e.,
not during performance of chest compressions. Participants
in G1 received instructions and corrections from a qualified
instructor, while those in G2 observed the graph generated by
the computer software. One day after the last training session,
all participants performed a Basic CPR test (hands only) for 2
minutes (T2). Finally, to analyze short-term learning retention,
one month after T2, all participants undertook another similar
test (T3). The entire study process is shown in Fig. 1.
At T1, T2 and T3, the percentage of correct compressions

(QCC), the correct compressions according to depth (CCP),
according to rhythm (CCR) and according to chest recoil (CR)
were analysed. CPR quality was analysed using the Re-
susci Anne® SkilReporterTM connected to a laptop com-
puter with the Laerdal PC Skill Reporter System Program for
Windows (Laerdal Medical Corporation, Stavanger, Norway).
The depths considered correct were 5 and 6 centimetres and
the correct rate was between 100 and 120 compressions per
minute, as set out in the International Liaison Committee on
Resuscitation guidelines [1].

2.3 Statistical analysis
Test results were analysed using statistical software (SPSS,
version 21.0, SPSS Inc.). Normality was verified using the
Shapiro-Wilk test. Variables were expressed by mean and
standard deviation [ME ± SD] or median and interquartile
range [MDN (IQR)], depending on the normality of the data.

Effectiveness of the training in T1, T2 and T3 was analyzed
using Repeated Measures ANOVA or Friedman’s Test. For
pairwise comparison, the Bonferroni post-hoc Test was ap-
plied. Finally, either Student’s t Test for independent samples
or the Mann-Whitney U test was used to compare the results
between the two groups. Throughout the analysis, P < 0.05
was considered significant.

3. Results

3.1 Comparison of Basic CPR across testing
periods
The total sample size amounted to 27 participants (7 women).
Tables 1 and 2 show the results of the Basic CPR tests (T1, T2
and T3) in group 1 and group 2.
The overall quality of compressions and the compressions

with adequate depth improved significantly after training (T1–
T2) in group 1 (QCC: P = 0.037; CCP: P = 0.023) and in group
2 (QCC: P = 0.004; CCP: P = 0.019).
The proportion of compressions with adequate rhythm

(CCR) also improved in both groups after training (T1–T2)
although the differences were not significant (CCR G1: P =
0.178; CCR G2: P = 0.086). Chest recoil values (CR) were
very high in all three tests (>95%) with no differences among
all tests in both groups (CR G1: P = 0.368; CR G2: P =
0.174).
A decrease in other variables was observed after a month

(T2–T3), although the differences were not significant in nei-
ther group 1 (QCC: P = 0.080; CCP: P = 0.156; CCR: P =
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TABLE 3. Comparison between groups regarding chest compressions tests (T1; T2; T3).
Test Variables G1-Instructor (n = 14) G2-Software (n = 13) P value

T1

QCC (%) 55.0 ± 16.8 53.5 ± 17.4 0.821*
CCP (%) 17.0 ± 34.0 19.0 ± 22.0 0.834*
CCR (%) 34 (100) 40 (96) 0.830**
CR (%) 100.0 ± 0.0 100 (3) 0.325**

T2

QCC (%) 72.6 ± 21.3 79.0 ± 16.7 0.397*
CCP (%) 50.0 ± 43.0 61.0 ± 31.0 0.440*
CCR (%) 80 (54) 80 (31) 0.943**
CR (%) 100 ± 0.0 100 (0) 0.756**

T3

QCC (%) 63.8 ± 21.5 73.7 ± 20.5 0.232*
CCP (%) 34.0 ± 43.0 52.0 ± 48.0 0.320*
CCR (%) 75 (100) 85 (50) 0.720**
CR (%) 100.0 ± 0.0 100 (5) 0.756**

QCC, Overall quality of compressions; CCP, Compressions with adequate depth;
CCR, Compressions with adequate rhythm; CR, Compressions with complete chest
recoil.
* Student’s t-test for independent samples.
** Mann-Whitney U test.

0.178) nor in group 2 (QCC: P = 0.379; CCP: P = 0.377; CCR:
P = 0.086).
Finally, as can be seen in Table 1, the results in the last

test (T3) maintain values above the initial ones (T1), although
the differences were only significant in the overall quality of
compressions in group 2 (QCC: P = 0.031).

3.2 Comparison between training groups
concerning Basic CPR tests
Table 3 illustrates the differences among the results of the 3
tests in both groups. It can be seen that in T1, the results
are very similar between both groups in all variables, with no
significant differences between them (QCC: P = 0.821; CCP:
P = 0.402; CCR: P = 0.830; CR: P = 0.325).
In T2, group 2, which received the real-time computer

software feedback, achieved higher values in two of the four
variables, although the differences were not significant (QCC:
P = 0.397; CCP: P = 0.583).
Lastly, in T3, values decreased with respect to T2 in both

groups 1 and 2, except for recoil (CR). Although the differ-
ences were not significant between groups (QCC: P = 0.232;
CCP: P = 0.430; CCR: P = 0.720), only G2 exceeded 70% of
overall quality of compressions (QCC: 73.7% ± 20.5%).

4. Discussion

Every year, thousands of people attend instructor-led basic
life support courses lasting approximately 3–4 hours [13].
However, CPR cannot be learned with adequately in single
theoretical lessons; repeated sequential practice is essential to
achieve consistently effective performance [14].
In this study, the acquisition of CPR skills after short training

sessions, both with the instructor and through the feedback
provided by the computer software, has been shown to be

effective, revealing statistically significant increases in the
overall quality of compressions (QCC) between the first and
second tests (P < 0.05). On the other hand, there was a
decrease in CPR quality between the second and third tests,
although this was not significant in either group.
No significant differences were found between T1 and T3,

although the values were higher in T3 in both groups, es-
pecially group 2, guided by the computer software, which
maintained overall quality values above 70% in the third test
(T3), the reference value to determine the “gold standard CPR”
[5]. This suggests that the conventional training style generates
worse retention of CPR skills [15], at least in the short term.
As for the training received, it was evidenced that short

training sessions, with 4 rounds of compressions during 30
seconds, are effective for the acquisition of CPR skills. Other
studies state that this type of training has been effective in the
learning of CPR in future teachers [8, 9, 16].
The results obtained after training (T2), show the overall

quality of compressions met and exceeded the expertly es-
tablished “gold standard” of 70% [5]. This value can define
whether a person is capable of performing CPR and their
potential effectiveness in doing so. However, as it can be ob-
served, the variables included in this global concept fluctuate
widely showing that at least one of them, chest recoil (CR),
maintains values higher than 90% from the beginning, so that
it is practically impossible to reflect its improvement.
It should be noted that group 1, guided by the instructor,

did not reached the 70% quality in compressions with ade-
quate depth (CCP) at any time, a similar finding to the one
demonstrated by Brennan et al. [17], in a study where they
concluded that the interventions provided by the instructors
were not adequate enough to reach the appropriate depth.
In our case, this also occurred in group 2, which contrasts

with other studies where it has been shown that the feedback
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devices improved CPR skills in future lifeguards, either com-
plementing or substituting the instructor [18, 19].
It should be noted that mobile applications are now be-

ing used to provide feedback for CPR teaching and training.
Among these applications it is worth mentioning “Primeros
Auxilios Fáciles” (“Easy First Aid”), aimed at teaching CPR
through animations suitable for all ages, and also the iCPR
mobile application designed to guide and control the rhythm
during CPR [20]. As it can be seen, the existence of dif-
ferent methods of teaching CPR creates the need to include
interactive programmes and advanced technological devices to
improve the training and retention of CPR skills.
To conclude, it is necessary to highlight that the short train-

ing sessions and the test used in this studywere designed taking
into account themoment of fatigue of the first responder during
CPR, in this case the lifeguards, since, according to scientific
evidence [21], CPR maneuvers produce a fatigue which re-
quires the application of a rescuer relay every 2 minutes.

5. Conclusions

This study demonstrated that the design of short CPR training
sessions is efficient to perform quality chest compressions and,
although after a month of training there was a small decrease
in skills, these were not significant.
Finally, this learning method proves that the feedback pro-

vided by a qualified instructor or by a specific CPR computer
software, is effective, and it allows for positive changes in CPR
skills after a few training sessions.

6. Limitations

The limitations of this study include the size of the sample and
the non-inclusion of rescue ventilations during short training
sessions.
It is possible that future research may aim not only to

develop studies with larger sample sizes, but also to analyse
ventilations, which are fundamental in the work of lifeguards.
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