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Abstract
Background: High-quality cardiopulmonary resuscitation (CPR) remains essential to improve the outcome of patients in sudden
cardiorespiratory arrest. Feedback on performance is a crucial component of the learning processes associated with simulation and
has been shown to improve CPR quality during simulated cardiac arrest on mannequins. This study aims to evaluate skills acquisition
using a new low-cost feedback device for CPR self-training when compared to standard training methods.

Methods: Thirty-nine pregraduated medical and biomedical engineering students were recruited for a longitudinal double-blinded
randomized control study. For training Basic Life Support skills, the control group used a standard task-trainer and received feedback
from an instructor. The intervention group used the same standard task-trainer, instrumented with the CPR Personal Trainer that
provided automated performance feedback (with no instructor) on compression-related parameters. Students’ knowledge and skills
were assessed before and after training, through a theoretical knowledge test and 2 minutes of CPR practical performance.

Results: The theoretical tests showed an improvement both in the intervention and in the control group. For each compression-
related parameters (hands position, recoil, rate, and depth), significant increase in scores is observed, between the pre- and the post-
test, in both groups. The intervention and control groups presented identical mean differences for the total score (0.72 vs 0.72), with
no statistical difference (P=0.754).

Conclusions: The proposed tool proved to be effective in the acquisition of compression-related skills, with similar outcomes as
the traditional instructor-based method, corroborating the hypothesis that a low-cost tool with feedback for CPR self-training can
provide an alternative or a complementary extension to traditional trainingmethods. The system can also be considered cost-efficient
as it reduces the permanent presence of an instructor for the chest compressions training, promoting regular training outside formal
training courses.

Abbreviations: BLS = basic life support, CPR = cardiorespiratory resuscitation, SUS = system usability scale.
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Introduction

In sudden cardiac arrest, early cardiopulmonary resuscitation
(CPR), with emphasis on chest compressions, is a fundamental
step in the Chain of Survival.1 According to the 2015 European
Resuscitation Council CPR guidelines for the adult,1 when
performing chest compressions, it is important to take into
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account parameters such as hands position (center of the chest),
compression depth (5–6cm), compression rate (100–120 per
minutes), and chest wall recoil (allow complete recoil). The chest
compressions should not be suspended for more than 10seconds
to provide ventilations.1

High-quality CPR remains essential to improve patient
outcome. Several studies have shown that CPR is performed
ineffectively, possibly due to irregular training and low skill
retention.2–4

The traditional acquisition and retention of skills in CPR is
based in a theoretical and practical training on a mannequin or
task-trainer, given by 1 instructor according to the following
sequence: theoretical background in CPR, chain of survival,
correct CPR performance with emphasis on chest compressions,
automated external defibrillator use, and correct positioning of
the victim after recovery.5,6 The training includes a standardized
assessment of performance (with feedback given by the
instructor), either during the training in the form of continuous
assessment, or at the end of the training during which the key
learning outcomes have to be successfully demonstrated.5,6

Although accurate theoretical knowledge of guidelines and
CPR procedures is associated with increased odds of correct
performance of some aspects of CPR, overall performance
remains poor7 suggesting that frequent training may be needed to
ensure consistent, effective performance and therefore better
outcomes after cardiopulmonary arrest.8
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Training models based on short videos of self-learning may be
used combined with practical training sessions with minimal
intervention from instructors. Other alternative that seems to
improve CPR skills of rescuers is the use of automated voice
advisory mannequin that is able to improve skills through
continuous verbal feedback during individual CPR training
without an instructor.4

Feedback on performance is a crucial component of the
learning processes associated with simulation and has been
shown to improve CPR quality during simulated cardiac arrest
on mannequins.9 Feedback technology supports the rescuer with
vocal or visual information on CPR quality to improve guideline
adherence.3

Educational feedback also appears to slow the decay of
acquired skills and allows learners to self-assess andmonitor their
progress toward skill acquisition and maintenance. Sources of
feedback may either be “built-in” on a simulator, given by an
instructor in “real time” during educational sessions, or provided
post hoc by viewing a videotape of the simulation-based
educational activity.10

There is evidence that instructors provide poor feedback,
including correction of skills, in performing chest compres-
sions.11 Previous studies12–18 have compared the quality of CPR
training with feedback devices with the traditional CPR training.
The outcomes of these studies confirm that some feedback
systems improve significantly the quality of chest compressions,
in a simulated cardiac arrest scenario. These systems may provide
complementary training19–21 or assessment22 models, overcom-
ing constraints, such as time and logistical/financial aspects or
instructor availability, that are pointed out as barriers to frequent
training.
Considering the above, the general aim of this study is to

evaluate skills acquisition using a new low-cost device for CPR
Figure 1. Print-screen of the cardiopulmonary resuscitation personal trainer interf
indicates a need for improvement in all parameters (red labels). Visual and audib
respectively. Bottom: Feedback indicates all parameters were correctly performe
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self-training with automated feedback and compare it to the
standard training method. The prototype is expected to facilitate
regular training and improve long-term preservation of knowl-
edge and skills.
Methods

Prototype description: CPR Personal Trainer

CPR Personal Trainer consists in a standard CPR training
mannequin instrumented with off-the-shelf piezoresistive sensors
connected to an electronic preprocessing unit and information
system. The total cost of the add-on is around €150. The signal is
analyzed by extracting relevant data of chest compressions
performance and scoring them on 3 different factors associated
with compression quality: hands position, compression rate, and
chest recoil. The compressions depth is still under development
and will be included in a near future.
The software is connected to a user-friendly online Graphical

User Interface, which manages training workflow and provides
visual and audio feedback. CPR Personal Trainer software
gathers trainees’ performance metrics and provides a perfor-
mance analysis with suggestions to improve the procedure. It also
provides reports for each training session, the overall progression
along the sessions and the performance evolution of the trainee
regarding each CPR maneuver component. Figure 1 presents the
CPR Personal Trainer interface representing 2 training sessions
performed by a student.

Subjects

The target population of this study was pregraduated students
of Medicine and Biomedical Engineering from the University
of Porto, Portugal. The recruitment of medical students was
ace. Feedback to trainee is presented visually and numerically. Top: Feedback
le aids are available to help the hands position and the compressions rate,
d (green labels).
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restricted to basic years in order to avoid students with CPR
training. Students were invited to participate in the study,
through announcements and posters from the students’ associ-
ations, and were invited to voluntarily register for the study. Only
registered students constituted the sample of this study.
Demographic information of the students was collected at
registration.
Study design

This longitudinal double-blinded randomized control study was
carried out in May and October 2016, at the Biomedical
Simulation Center of the Faculty of Medicine, University of
Porto. The study was approved by the Ethical Commission of our
institution and a written informed consent was obtained from all
participants before the study.
On Day 1, registered students who were present for the study

were given information and clarifications about the study and an
informed consent to read and sign. Of the 55 registered students,
only 42 attended Day 1. The 42 students were subjected to
the pretest evaluation, including both theoretical and practical
components. After the evaluation, students were randomized and
allocated to the control (n=23) or the intervention group (n=
19). The study was blinded, meaning that students have no
knowledge of the other group type of training. On Day 1,
students also received the 2015 CPR guidelines1 and algorithm
and were advised to review them.
On Day 8, the control and intervention groups were divided

into smaller subgroups of 4 or 5 students. The control group
trained with a standard torso and received instructions and
feedback from an experienced Basic Life Support (BLS) instructor
(Fig. 2, top). The intervention group trained with the prototype,
receiving feedback on CPR relevant parameters: hands position,
Figure 2. Training sessions. Top: Control group—training with an instructor.
Bottom: Intervention group—training with cardiopulmonary resuscitation
personal trainer (no instructor).
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rate, and recoil, from the CPR Personal Trainer interface (without
instructor) (Fig. 2, bottom). Two aids were included in the CPR
Personal Trainer to guide the student in the training: an audio
sample of a metronome at 100 bpm to help in the compression
rate and an image of the correct hands position on the chest.
These aids were available to the student during the training
exercise, together with the feedback of his/her performance. Both
groups had the 2015 CPR algorithm displayed, near the training
station. The training time was equivalent for both groups and
lasted approximately 1 hour for each subgroup of students.
Students from the intervention group also answered a question-
naire on the usability of the CPR Personal Trainer. There were 3
dropouts, 2 in the intervention group (n=21), and 1 in the
control group (n=18).
On Day 15, all students who were present for the training

on Day 8 (n=39) were subjected to the post-test evaluation,
which included similar theoretical and practical components to
the pre-test.
The detailed study protocol is graphically represented in

Figure 3.

Participants’ assessment

The knowledge and technical skills of the participants were
evaluated through a theoretical and practical test, before and
after the CPR training course.

Theoretical tests. The theoretical tests consisted of 14 different
questions about CPR, with emphasis on chest compressions. The
type and number of questions were defined by an experienced
CPR instructor, based on the 2015 CPR guidelines, guaranteeing
that all relevant aspects of the BLS algorithm were covered.
Theoretical tests were made available using a Moodle platform
(http://www.moodle.org). Each student accessed the platform
using their individual credentials and answered the test online, in
an examination room, with an instructor present to avoid
plagiarism. The test was only available for the period of the
evaluation. The pre- and post-tests were similar in content but the
questions and answers were randomly ordered. The maximum
test score was 100%.

Practical tests. The practical tests were performed individually
and consisted in executing 2 minutes of the BLS algorithm. All
performances were video recorded. The evaluation of the correct
application of the BLS algorithm and correct CPR performance
of each student was made through visualization of each video by
an independent expert, blinded to the study, with the use of a
checklist.
The checklist consisted of 10 items related to the BLS

algorithm, 4 of them referring to compression-related parame-
ters: call for help, check normal breathing, compressions-to-
ventilations ratio of 30:2, compression rate, hands position, chest
recoil, compressions depth, 2 deep breaths, pause for breaths of
<10seconds, and head extension. Each item was rated as 0—
incorrect/not applied, 1—insufficient/incomplete, and 2—cor-
rect. The total score of the practical test was calculated as the
mean of the 10 items with a maximum value of 2.
Usability questionnaire

A preliminary assessment of the CPR Personal Trainer’s usability
was performed with the students from the intervention group
(n=21). For that, an European Portuguese translation23,24 of the
System Usability Scale (SUS) questionnaire25 was applied.

http://www.moodle.org/
http://www.portobiomedicaljournal.com


Table 1

Comparison between the pre- and post-test mean scores, for the
theoretical and practical tests

Intervention
(n=21)

Control
(n=18) P value

∗∗

Theoretical score (0–100%)
Pretest 66±13 69±12 0.626
Post-test 82±7 84±7 0.512
P value

∗
<0.001 <0.001

Practical score (0–2)
Pretest 0.90±0.41 0.84±0.36 0.646
Post-test 1.53±0.29 1.81±0.17 0.003
P value

∗
<0.001 <0.001

Scores presented as mean± standard deviation. Statistical significant results presented in bold.
∗
Pre–post test difference, Wilcoxon signed-rank test, 1-tailed (a = 0.05).

∗∗
Difference between groups, Mann–Whitney U test, 2-tailed (a = 0.05).

Figure 3. Study flow diagram.
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The SUS questionnaire is a reliable tool for usability
assessment, consisting of 10 questions, to be rated in a 5-point
Likert scale (from strongly agree to strongly disagree), among
which 5 of those questions have a positive height and the
remaining a negative height. This questionnaire has been
considered to be a remarkably robust measure of system
usability,26–28 even with a small sample size.27

The SUS score23–25 is calculated by summing up all individual
items. For items 1, 3, 5, 7, and 9 (positive statements) the score
contribution is the scale position minus 1. For items 2, 4, 6, 8, and
10 (negative statements), the contribution is 5 minus the scale
position. The overall value for each student is obtained by
multiplying the sum of the scores by 2.5. The global SUS score has
a range of 0 to 100 and represents the median of the sample. A
global score higher than 70 is considered above the average and
higher than 80 is considered good.29

The SUS questionnaire also included 2 open-questions on the
“positive” and “need for improvement” aspects of the CPR
Personal Trainer. The questionnaire was available on theMoodle
platform (http://www.moodle.org) and, similarly to the theoreti-
cal tests, each student accessed the platform using their individual
credentials and answered the test online, in a supervised
examination room.
4

Statistical analysis

Statistical analysis was conducted using the IBM SPSS Statistics
software, version 23.0. Both descriptive and inferential analyses
were performed. To evaluate knowledge and skills differences,
intra- and intergroups’ nonparametric tests were used, consider-

http://www.moodle.org/


Table 2

Comparison between pre- and post-test compressions related
measurements mean scores

Intervention
(n=21)

Control
(n=18) P value

∗∗

Hands position
Pretest 0.71±0.64 1.17±0.71 0.069
Post-test 1.48±0.68 1.78±0.43 0.234
P value

∗
0.001 0.003

Rate
Pretest 0.71±0.90 0.67±0.77 0.999
Post-test 1.57±0.68 1.61±0.50 0.922
P value

∗
0.004 <0.001

Recoil
Pretest 1.14±0.66 1.17±0.51 0.967
Post-test 1.76±0.44 1.89±0.32 0.512
P value

∗
0.004 <0.001

Depth
Pretest 1.05±0.70 1.22±0.55 0.477
Post-test 1.67±0.49 1.83±0.38 0.379
P value

∗
0.002 0.001

Total
Pretest 0.90±0.53 1.06±0.42 0.245
Post-test 1.62±0.34 1.78±0.26 0.156
P value

∗
<0.001 <0.001

Scores (0–2) presented as mean± standard deviation. Statistical significant results presented in bold.
∗
Pre–post test difference, Wilcoxon signed-rank test, 1-tailed (a = 0.05).

∗∗
Difference between groups, Mann–Whitney U test, 2-tailed (a = 0.05).

Table 3

Comparison between pre- and post-test mean scores of cardi-
opulmonary resuscitation parameters not directly related to
compressions

Intervention
(n=21)

Control
(n=18) P value

∗∗

Shout for help
Pretest 0.57±0.87 0.50±0.86 0.813
Post-test 1.29±0.90 2.00±0.00 0.022
P value

∗
0.004 <0.001

Check breathing
Pretest 0.67±0.80 0.56±0.50 0.749
Post-test 1.24±0.83 1.89±0.32 0.019
P value

∗
0.011 <0.001

Ratio 30:2
Pretest 1.19±0.93 1.28±0.83 0.856
Post-test 1.95±0.22 1.94±0.24 0.967
P value

∗
0.002 0.005

2 Deep ventilations
Pretest 0.62±0.67 0.33±0.49 0.245
Post-test 1.52±0.68 1.78±0.43 0.349
P value

∗
0.001 <0.001

Pause for ventilations of <10 s
Pretest 1.52±0.81 1.44±0.86 0.813
Post-test 1.90±0.30 1.83±0.51 0.922
P value

∗
0.026 0.019

Head extension
Pretest 0.10±0.30 0.11±0.32 0.945
Post-test 0.76±0.89 1.50±0.62 0.012
P value

∗
0.002 <0.001

Total
Pretest 0.78±0.45 0.70±0.44 0.666
Post-test 1.44±0.37 1.82±0.22 0.001
P value

∗
0.006 <0.001

Scores (0–2) presented as mean± standard deviation. Statistical significant results presented in bold.
∗
Pre–post test difference, Wilcoxon signed-rank test, 1-tailed (a = 0.05).

∗∗
Difference between groups, Mann–Whitney U test, 2-tailed (a = 0.05).
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ing a significance level of 5%. Given the small sample size
nonparametric tests were used. Specific tests are indicated in the
tables with the results.
Total scores of the pre- and post-theoretical tests and total and

partial scores of the pre- and postpractical tests were calculated
and compared. For the practical tests, partial scores representing
the compression-related parameters and other parameters of
the CPR algorithm were calculated, analyzed, and are presented
separately.
Results

A total of 39 individuals (25 females and 14 males) constituted
the sample of this study. The mean age of participants was 20.6±
2.4 years. Both groups (control and intervention) were compared
for age and gender and no statistical differences were found
between groups, confirming its homogeneity. For a detailed
description of the demographic data, we refer to Table S1
(Supplemental Digital Content, http://links.lww.com/PBJ/A0).
Assessment results

Theoretical and practical tests in both groups presented an
increase in the total score between the pre- and the post-test, with
statistical significant differences (Table 1). The intergroup
comparison shows no statistically significant differences in all
scores, with the exception of the practical post-test, with a higher
score in the control group.
The pre- and post-test comparison for the overall and specific

compression-related parameters presents a statistical significant
increase, in both groups. No statistical differences were observed
in any comparison between groups. Table 2 presents the detailed
results and comparisons. The intervention and control groups
5

presented identical mean differences for the total score (0.72 vs
0.72), with no statistical difference (P=0.754, Mann–Whitney
U test).
The pre- and post-test comparison for the overall and the CPR

parameters not directly related to compressions present a
statistical significant increase, in both groups. Comparison
between groups, revealed statistical significant differences in
the post-test scores for the “shout for help,” “check breathing,”
“head extension,” and overall. Table 3 presents the detailed
results and comparisons.
Usability results

The intervention group (n=21) answered the SUS questionnaire,
including 2 open questions on the most positive and need
improvement aspects. The individual scores were calculated for
each student and, from those, the global score (median of the
sample). The global SUS score of the CPR Personal Trainer was
78.
Aspects pointed by the students as most positive were

“Immediate feedback,” “Rapid learning curve,” and “Feedback
on compressions performance.” As for the aspects that need
improvement, “No compressions depth assessment,” “No
ventilation parameters assessment,” and “No information on
the algorithm” were pointed as the most relevant.

http://links.lww.com/PBJ/A0
http://www.portobiomedicaljournal.com
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Discussion
This study investigates and compares the acquisition of
knowledge and technical skills related to chest compressions in
CPR maneuvers, when using an automated CPR feedback tool
and when receiving standard CPR training.
The theoretical tests showed an improvement in the scores

from the pre-test to the post-test, both in the intervention and in
the control groups. Although the intervention group had no
theoretical support from an instructor, the content made
available, revealed to be sufficient to increase their knowledge
to a similar level as for the control group, as no statistical
significant differences were observed between the groups.
The practical tests (total score) showed an improvement

between the pre- and the post-tests for both groups, although the
control group presented a higher mean difference (0.63 vs 0.97)
with statistical significance. The higher improvement in the
control group is related to the fact that this practical total score
includes all the CPR parameters, including the parameters that
the CPR Personal Trainer did not provide feedback about (such
as ventilation-related parameters or compression depth). For
each compression-related parameters (hands position, recoil,
rate, and depth), significant increase in scores was observed,
between the pre- and the post-tests, in both groups. The
intervention and control groups presented identical mean
differences for the total score (0.72 vs 0.72), with no statistical
difference (P=0.754). This result corroborates our initial
hypothesis, indicating that the CPR Personal Trainer is as
valuable as the traditional method in the acquisition of skills.
An interesting result was observed for the depth parameter,

where similar improvement was observed in both groups,
although the CPR personal trainer did not provide feedback
on compressions depth. This improvement can be attributed to
the relationship between depth and recoil, as providing feedback
for the later may have an indirect impact on depth performance.
Considering the practical test results for the parameters not

related to compressions, an overall improvement was observed in
both groups, but with a greater difference in the control group
(0.66 vs 1.12). Of mention is that, in the “shout for help”
parameter, the control group scored in the post-test 2.0 with a
standard deviation of 0.0, indicating that all students in this
group correctly executed this step. Comparison between groups,
revealed statistically significant differences in the post-test scores
for the “shout for help,” “check breathing,” “head extension,”
and overall, with higher scores in the control group. This
notorious improvement in the control group in parameters not
related to compression was expected and justified by the
involvement of the instructor in the training. Nevertheless, in
the intervention group, even without an instructor and with
prototype-only feedback on these parameters, all mean scores
increased from the pre-test to the post-test, with statistical
significance. This improvement can be attributed to the
knowledge acquired through the educational materials provided.
The usability of the CPR Personal Trainer scored 78, which,

based on the literature,23,29 is considered above average.
It was observed that CPR Personal Trainer is effective when

compared with the traditional method. The intervention group
showed improvements regarding skills’ acquisition and the CPR
Personal Trainer allowed to achieve a similar level of knowledge
when compared with the control group. These results are in line
with others that also showed that feedback systems are able to
contribute to a better CPR performance.13,30

The proposed system can encourage frequent training sessions,
as it may reduce the need for a permanent instructor, specifically
6

for the training of chest compressions, allowing regular training
outside formal training courses, not only in healthcare
institutions but also in other places like firefighters departments
or nursing homes.
Limitations

An important limitation was the reduced sample. Due to time
constraints, students’ availability, and other logistic restrictions,
the sample used was limited which may weaken the conclusions
of this work.
Another potential bias can emerge from the practical

evaluation, which was performed by a single evaluator. Although
the evaluator was blind to the study and used the video recordings
and a standard checklist, the intrinsic subjectivity of the human
nature could be reduced if other evaluators were included.
Finally, an important limitation is related to the under

developing features of the CPR Personal Trainer, namely the
assessment of the compressions depth and ventilations. This leads
to an incomplete assessment of the effectiveness of CPR Personal
Trainer in the CPR training. Nevertheless, the present study
can be seen as a proof of concept, confirming which future
developments are more pressing.
Conclusions

Tools for self-guided CPR training are an alternative to
traditional training, which requires an instructor, as they can
offer the opportunity of learning and continuous training to a
broader population, with an associated low cost.
CPR Personal Trainer is a low-cost simulation-based tool for

CPR training with a feedback system that improves technical
skills and reinforces knowledge. The repetitive self-training
allows the trainees to improve skills at their own pace.
The feedback feature provides objective, reliable, and stan-
dardized assessment of skills acquisition and, as opposed to the
subjective evaluation of an instructor, potentially boosting
the trainee’s confidence in performing CPR correctly. Despite
some limitations, this tool proved to be effective in the
acquisition of compression-related skills, with similar outcomes
as the traditional instructor-based method. The proposed
system can also be considered cost-efficient as it reduces the
permanent presence of an instructor for the chest compressions
training, promoting regular training outside formal training
courses.
In conclusion, this study corroborates the hypothesis that low-

cost tools with feedback for CPR self-training can provide an
alternative or a complementary extension to traditional methods
for CPR skills acquisition and maintenance.
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