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Abstract

Background: A correct visual skill demonstration is important when learning cardiopulmonary resuscitation (CPR) and the use of an automated

external defibrillator (AED). Basic life support (BLS) instructors are expected to master and demonstrate CPR/AED skills correctly. The aim of this study

was to evaluate certified BLS instructors’ competencies in demonstrating CPR and the use of an AED.

Methods: Certified BLS instructors demonstrated CPR and the use of an AED on a resuscitation manikin. Skills were evaluated using data collected

from the manikin and video recordings and compared to resuscitation guidelines. Further, instructors completed questionnaires on resuscitation

guidelines and rating of their own CPR/AED skills.

Results: Overall, we analyzed data from 125 instructors. Of all chest compressions, only 22% were within guideline recommendations regarding depth.

Instructors performed chest compressions with excessive depth (mean depth 64mm (7.3)) and a mean rate of 115min�1 (10.8). Only 25% of instructors

placed the left AED electrode correctly (median distance 7.6cm (5.0;10.5)), while the right AED electrode usually was placed correctly (median distance

2.9cm (1.5;4.0), 85% placed correctly). Nearly half of the instructors failed to state correct answers regarding how to diagnose a cardiac arrest and where

to place the AED electrodes. Despite their performance, instructors rated their BLS skills as good.

Conclusion: Certified BLS instructors’ have poor CPR/AED skills and several important knowledge gaps on CPR/AED guidelines in contrast to

instructors’ self-reported skills. This highlights a need for improving BLS instructor education, including continuous faculty development to ensure

optimal learning conditions for BLS course participants.
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Introduction

Out-of-hospital cardiac arrest carries a poor prognosis with a survival
of approximately 10%.1 High-quality bystander cardiopulmonary
resuscitation (CPR)2 and early defibrillation with an automated
external defibrillator (AED)3 can more than triple survival. Therefore, it

is essential that laypeople learn to perform high-quality CPR and to
use an AED correctly.

A majority of laypeople attend basic life support (BLS) courses to
learn CPR and the use of an AED. During these courses, an instructor
is responsible for communicating correct skill performance through,
e.g. a skill demonstration. Previous studies have found poor skills
among laypeople after completion of a BLS training course.4�6
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Therefore, many studies have explored the efficiency of different
teaching and feedback methods6�10 to improve BLS courses’ learning
outcome.11�13 However, BLS instructors’ competencies in CPR/AED
skills and their ability to correctly demonstrate and describe the
curriculum to learners is likely to affect learning outcome. Indeed,
previous studies have suggested that the poor outcomes among
laypeople after attending BLS courses may result from the instructors’
lack of competence in the skills they are teaching or deviation from the
curricula.11,12,14,15 The main focus of previous studies has been
participants’ learning outcomes, requiring that the instructors are
competent. However, a quantitative assessment of BLS instructors’
CPR and AED usage skills has not yet been undertaken.

The aim of this study was to evaluate certified BLS instructors’
competence in demonstrating CPR/AED skills. Additionally, to study
BLS instructors’ knowledge on BLS guidelines and self-reported skills.

Methods

Study design

This study was a prospective observational study where certified BLS
instructors were asked to demonstrate CPR and use an AED in a
simulated teaching situation, and complete a questionnaire on
theoretical BLS knowledge and their self-reported skills.

Participants

BLS instructors (age �18 years) certified by The Danish First Aid
Council and/or the European Resuscitation Council (ERC) were
recruited at BLS instructor gatherings (e.g. general assemblies and
symposia). Instructors were informed about the study and the
possibility of participating at the beginning of the specific event
and/or sent information by e-mail prior to the gatherings, e.g. a
newsletter for the specific event. Instructors were encouraged to
participate, e.g. during intermissions. Instructors were not aware of the
specific outcome measures of the study. Instructors were excluded if
they were physically unable to perform CPR and/or use an AED on the
day of the skill test.

Test protocol

Instructors were asked to demonstrate CPR and operate a training
AED on a resuscitation manikin with arms (AMBU Man1, AMBU,
Ballerup, Denmark) as they would do in a teaching situation but
without verbal explanations or pauses. The test was conducted in two
parts: (1) instructors demonstrated three full cycles of CPR on a
manikin capable of collecting data on CPR quality, and (2) instructors
demonstrated the use of an AED (Lifepak CR-T AED Trainer, Physio
Control, Redmond, WA, USA [semi-automatic external defibrillator])
programmed to a single shock scenario. After shock delivery, the test
was stopped. In-between the two parts, the manikin was reset to the
“starting position” with the arms along the side and the manikin’s shirt
fully zipped. Neither feedback nor help were given during the test.

The entire test was video recorded for subsequent analysis. Before
the test, instructors completed a questionnaire collecting demograph-
ic information and instructors’ rating of their own ability to perform CPR
and use an AED using a 5-point Likert scale. After the test, instructors
completed a questionnaire on resuscitation guidelines. Instructors
were asked to reevaluate their own ability to perform CPR and use an

AED after receiving an individual performance report per e-mail that
showed data on how well the instructor performed chest compres-
sions and rescue breathing.

Data collection and assessment

Datafromthemanikinonchestcompressionandrescuebreathingquality
was collected via AMBU© Software (AMBU, Ballerup, Denmark). The
first three cycles of CPR were analyzed for each instructor. Correctly
performed CPR was defined in accordance with the European
Resuscitation Council (ERC) Guidelines 201516; 30 (�2) chest
compressions at a depth of 50�60mm with a rate of 100�120min�1,
and rescue breaths with a tidal volume of 500�600mL.

After the skill test, a measuring tape forming a X�Y-coordinate
system was placed on the manikin to measure the distance from the
center of the AED electrode to the position recommended by the ERC,
i.e. the right electrode to the right of the sternum, below the clavicle and
the left apical-lateral electrode in the left mid-axillary line approxi-
mately level with the V6 ECG electrode. The placement of the
electrodes was digitally photographed and subsequently analyzed in
ImageJ (version 1.48v, National Institutes of Health, USA).5

Placement of electrodes within 5cm of the recommended position
was considered correct as in previous studies5,17�19.

The test was video recorded to collect data on hand placement
during chest compressions, rate of rescue breaths, movement of the
left arm of the manikin during electrode placement, and time to shock
delivery. Two assessors independently reviewed the videos. In case
of discrepancies, the videos were jointly re-assessed until consensus
was reached.

The questionnaire on resuscitation guidelines consisted of ten
open-ended questions, as presented in Table 3. All questions were
based on the BLS curriculum and were therefore considered basic
knowledge necessary to teach correct BLS. Answers were reviewed
and assessed by two experienced resuscitation researchers. A third
and senior resuscitation researcher was consulted to achieve
consensus in cases of disagreement. If the answers could be
interpreted as corresponding to ERC Guidelines 2015,16,20 they were
coded as correct. In case of doubt, the conclusion correct/in-correct
was made in favor of the participant.

Outcome measures

The primary outcome was chest compression depth. Secondary
outcomes were chest compression rate, AED electrode placement
(i.e. distance from the center of the left and right AED electrode to the
respective recommended positions), the fraction of correctly placed
left and right AED electrodes, number of instructors who moved the
manikin’s left arm when applying the left AED electrode, time-to-first
shock (from the beginning of test scenario to shock delivery), correct
theoretical knowledge of the recommended guidelines, and own rating
of competence in BLS skills.

Further, we report chest wall recoil, hand positioning, rescue
breath volume, rate of rescue breaths, and correct chest compression:
ventilation ratio.

Ethics

According to the Danish Act on Research Ethics Review of Health
Research Projects, Act number 593 of July 14th, 2011 section 14, no
study approval was required from the Danish National Committee on
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Biomedical Research Ethics. Verbal and written consent was obtained
from all instructors, and instructors were informed that participation
was voluntary and they could withdraw their consent.

Statistics

Normally distributed data are presented as mean (standard deviation),
and non-normally distributed data are presented as median (1st
quartile;3rd quartile). Categorical data are presented as percentages
(n). Normality was determined by histograms and Q�Q plots. A p-
value <0.05 was considered significant. Data were analyzed using R-
statistics (version 3.4.0, R Core Team 2017, R Foundation for
Statistical Computing, Vienna, Austria).

Results

A total of 129 instructors were recruited during the period from April
1st, 2017 to March 11th, 2018. Two instructors withdrew consent and
were excluded from the analysis. Further, two instructors were
excluded from the analysis because they were not certified by the
Danish First Aid Council or the ERC. Therefore, data from 125
instructors were analyzed. Table 1 shows the demographics of the
instructors.

CPR demonstration

The mean chest compression depth was 64mm (7.3) (Fig. 1) with a
mean chest compression rate of 115min�1 (10.8). Data regarding
chest wall recoil and hand positioning during CPR are presented in
Table 2.

Of all attempted rescue breaths, 94% resulted in any amount of air
registered. Of these, the mean volume was 499mL (291). Data on
rescue breaths within guideline recommendations are presented in
Table 2.

When performing rescue breaths, 2% of instructors (n=3)
attempted three rescue breaths per cycle instead of the recommended
two rescue breaths. Furthermore, 2% of instructors (n=2) provided

rescue breaths before compressions opposite of the guideline
recommendation.16

AED demonstration

The positioning of the left and right AED-electrodes is shown in Fig. 2.
The median distance from placement to the recommended position of
the left AED electrode was 7.6cm (5.0;10.5) (data missing for four
instructors), whereas the median distance of the right AED electrode
was 2.9cm (1.5;4.0) (data missing for five instructors). The left AED
electrode was placed within 5cm of the recommended position by 25%
(n=30) of instructors, and the right AED electrode was placed within 5
cm of the recommended position by 85% (n=102) of instructors.
Instructors, who moved the manikin’s left arm for placement of the left
AED electrode (36%, n=42), had a median distance from the center of
the left electrode to the recommended position of 4.8cm (2.7;7.6).
Instructors, who did not move the manikin’s left arm (64%, n=75), had

Table 1 – Demographics.

Demographics

Age (years) 45 (30;56)
Gender (male) 72% (90)
BMI 26 (23;29)
Healthcare professionala 38% (46)b

Time since initial training and certification (years) 8 (3;14)c

Time since last training and re-certification (years)d,e 2 (1;4)f

Number courses taught per year 14 (6;44)c

BMI: Body Mass Index. Data presented as median (Q1;Q3) or percentages
(n).
a Healthcare professional e.g. physiotherapist, nurse, doctor, emergency
medical technician etc.
b Data missing for 3 instructors.
c Data missing for 2 instructors.
d If no supplementary training and re-certification, time since initial training
and certification was stated.
e Recertification mandatory by the Danish First Aid Council every fifth year.
f Data missing for 5 instructors.

Fig. 1 – Chest compression depth per cycle.
Each dot represents one instructor’s mean chest com-
pression depth for the respective cycle. Lines represent
mean (SD). Gray area represents the recommended
chest compression depth by the ERC (50�60mm).

Table 2 – Cardiopulmonary resuscitation.

Cardiopulmonary resuscitation

Chest compressiona

Chest compressions <50 mm 5%
Chest compressions between 50�60mm 22%
Chest compressions >60mm 72%
Chest compressions with full recoil 86%
Correct hand position 98%

Rescue breaths
Rescue breaths <500mL 52%
Rescue breaths between 500�600mL 11%
Rescue breaths >600mL 37%

Data presented as percentages.
a Data missing for 2 instructors.
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a median distance of 8.7cm (6.9;11.6) (p<0.0001) (data missing for
eight instructors). The mean time-to-shock was 60s (12). In total, 82%
(n=102) of instructors “bypassed” the voice prompt of the AED (default
time duration 67s), while 18% (n=22) of instructors followed the voice
prompt (data missing for one instructor).

Theoretical knowledge

Table 3 presents the proportion of correct answers for each question in
the theoretical questionnaire.

Own rating

Instructors rated their own BLS skills highly both before completing the
test and after receiving a performance report. All instructors but one

completed the questionnaire on rating their own skills before the test,
and 58 % (n=73) of instructors responded after receiving their
performance report (Table 4).

Subgroup analysis

Wedivided instructors intoquartilesbasedonthenumberofcourses taught
per year to see if more active instructors performed better. There was no
difference in chest compression depth, chest compression rate, recoil,
ventilation volume, AED electrode placement, or theoretical knowledge
between the groups. We also conducted a subgroup analysis based on
years since the last re-certification and did not find any difference between
groups.

Fig. 2 – AED electrode placement.
Coordinate (0,0) represents the jugular notch on the
manikin. Triangles represent placement of the left AED
electrode. Dots represent placement of the right AED
electrode. Stars represent AED electrode position rec-
ommended by the ERC.

Table 3 – Theoretical knowledge of resuscitation guidelines.

Theoretical knowledge

Question Correct answers

What are the diagnostic criteria for cardiac arrest? 58% (73)
What is the Danish emergency telephone number? 100% (125)
How many chest compressions should be given per CPR cycle? 100% (125)
How many rescue breaths should be given per CPR cycle? 100% (125)
What is the correct hand position for chest compressions? 82% (103)
What is the recommended chest compression depth? 87% (109)
What is the recommended chest compression rate? 92% (113)a

State the correct position of the right AED electrode 50% (62)
State the correct position of the left AED electrode 46% (58)
How often does an AED analyze the heart rhythm? 86% (107)b

Translated questions (open questions) regarding theoretical knowledge among the instructors. Data presented as percentages (n).
a Data missing for 2 instructors.
b Data missing for 2 instructors.

Table 4 – Instructors own rating of their skills.

Own ratings

Beforea Afterb

I feel confident in diagnosing a cardiac arrest
Strongly agree/agree 98% (122) 99% (72)
Neither agree nor disagree 1% (1) �
Disagree/strongly disagree 1% (1) 1% (1)

In the event of a cardiac arrest, I can provide effective chest compressions
Strongly agree/agree 99% (123) 97% (71)
Neither agree nor disagree 1% (1) 3% (2)
Disagree/strongly disagree � �

In the event of a cardiac arrest, I can provide effective rescue breathing
Strongly agree/agree 98% (122) 92% (67)
Neither agree nor disagree 2% (2) 7% (5)
Disagree/strongly disagree � 1% (1)

In the event of a cardiac arrest, I can use an AED
Strongly agree/agree 100% (124) 99% (72)
Neither agree nor disagree � �
Disagree/strongly disagree � 1% (1)

Data are presented as percentages (n).
a Data missing for 1 instructor (questionnaire completed before testing).
b Data missing for 52 instructors (questionnaire and performance report
sent per e-mail to all participants).
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Discussion

We found that certified BLS instructors performed chest compressions
with an excessive depth when demonstrating CPR in a simulated
teaching situation. During demonstrations, instructors often mis-
placed the left AED electrode. Also, instructors showed fundamental
theoretical BLS knowledge gaps. Despite their low performance,
instructors rated their own CPR/AED skills as good.

Instructors demonstrating chest compressions with an excessive
depth may lead learners to copy the wrong chest compression
technique. However, a previous study found that laypeople were more
likely to achieve a deeper chest compression depth six months after
training, if they trained with an excessive chest compression depth
during BLS courses.21 In contrast to our findings, previous studies
investigating chest compression depth report that BLS instructors and
laypersons often perform chest compressions that are too shal-
low.4,10,22�24Our BLS instructors were mainly male and had a median
BMI of 26kg/m2, which are two factors known to contribute to a deeper
chest compression depth.25,26 Regardless of this, instructors should
be able to perform to the recommended chest compression depth. The
consequences of performing chest compressions with excessive
depth can be injuries on the victim, such as sternal and costal
injuries.27 Importantly, these injuries were by and large not fatal.
Further, an excessive chest compression depth has been associated
with greater risk of rescuer fatigue.28 In our study, instructors only
provided three full cycles of CPR. Therefore, it is unknown if the
instructors would experience fatigue faster than rescuers providing
chest compressions within the recommended range of 5�6cm.

Only a quarter of instructors managed to place the left AED
electrode as recommended. Misplaced AED electrodes may result in a
lower defibrillation success and hence a lower chance of survival. An
experimental porcine study found that as little as a 3cm deviation of
electrodes affects defibrillation success.29 Further, a case report
describes a fatal outcome possibly due to electrode misplacement.30

Frequent misplacement of the left AED electrode was also evident in
previous studies investigating AED electrode placement among trained
and untrained laypeople and healthcare professionals.5,17�19,31 This
may bedueto incorrectdemonstrationby instructorswhichmayresult in
transferal of incorrect skills to the learners. We found that instructors
that moved the manikin’s left arm placed the left AED electrode closer to
the recommended position. Overall, our results suggest that placement
of the left AED electrode should be a focus area in the future training of
BLS instructors.

Instructors in this study were tested on basic knowledge, which is
essential for performing high-quality BLS. Nearly half of the certified
instructors were unable to state how to diagnose a cardiac arrest.
Misperceptions among certified BLS instructors may likely be passed
on to their learners which ultimately may be fatal if the diagnosis of
cardiac arrest is delayed or missed. Moreover, the majority of
instructors lacked basic knowledge on the recommended AED
electrode placement, which correlates well with the results from the
skill test. This indicates that the left AED electrode’s overall poor
placement in the skill test may be due to a general lack of knowledge
rather than imprecise performance. Our results suggest a need for
further emphasis on these topics during training, certification, and re-
certification of BLS instructors in the future. Unlike the findings of the
skill test when evaluating chest compression and ventilation ratio, all
instructors answered the questions regarding the chest compression
and ventilation ratio correctly.

Despite our findings, instructors were confident in their own skills
with diagnosing a cardiac arrest, performing CPR, delivering rescue
breaths, and using an AED. Even after receiving a performance report
of their own results from the CPR/AED test, instructors remained
confident in their own skills. This lack of self-knowledge may be an
important barrier for acknowledging the need for faculty development
and additional CPR/AED skill training.

From a learning perspective, any mistake during a demonstration
made by an instructor should be avoided because this may lead to
negative learning. Negative learning occurs when learners acquire a
skill incorrectly, which can be due to, e.g. technical factors (i.e.
physical settings not as in the real world), instructional, or
environmental factors (i.e. artificial time factors or tasks).32,33 An
example of negative learning is the 2001 American Airlines Flight 587
crash. The crash investigation concluded that a contributing factor to
the crash was a pilot error due to negative learning from the flight
simulator.34 Failure in CPR training may not be equally dramatic but
indeed equally severe for the person suffering from cardiac arrest,
especially given the number of cardiac arrests in a year. Given the
short amount of time during a BLS course to demonstrate skills and the
limited time to supervise learners and give feedback during practical
skill sessions, it is crucial that the demonstration is correct and the
feedback is sufficient.13 In our study, instructors taught a median of 14
courses per year. With an estimated 16 participants per course
(maximum number according to the Danish First Aid Council), this
could potentially lead to 224 participants per instructor per year and a
total of up to 28.000 participants per year for this cohort leading to a
massive amount of errors passed on to laypeople attending BLS
courses.

Overall, our study suggests that BLS instructors need further
education on identifying a cardiac arrest as well as theoretical and
practical skill training on AED electrode placement in order to avoid
dissemination of negative learning. Ultimately, this may help to
improve the learning outcome from BLS courses in the future.

Limitations

This study was conducted in a simulated teaching environment and
may not fully reflect the demonstration that instructors would
perform during an actual BLS course. Instructors may have been
unfamiliar with the resuscitation manikin and AED used in the study.
However, we used commonly used and commercially available
equipment. Instructors should be able to adapt to the subtle
differences between equipment types, but we cannot rule out that
the type of equipment may have impacted performance. Instructors
included in this study were recruited during volunteer meetings and
courses targeting certified BLS instructors and may therefore likely
represent the top tier of certified BLS instructors. The study included
certified ERC instructors trained using the generic ERC’s standard-
ized instructor course. In the current study, instructors certified by
the Danish First Aid Council were also included. The instructor
courses by the Danish First Aid Council are not standardized to the
same degree as the ERC instructor course. This should be kept in
mind when extrapolating the results to other countries where
instructor certification and re-certification may differ. The direct
effect of the instructors’ skill level on BLS course participants’
learning outcomes cannot be extrapolated from these results.
Studies evaluating both instructors’ and learners’ skills after a BLS
course are warranted to evaluate the actual implications of
instructors’ skills on learning outcomes.
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Conclusion

Certified BLS instructors’ have poor CPR/AED skills and several
important knowledge gaps on BLS guidelines in contrast to instructors’
self-reported skills. This highlights a further need for improving BLS
instructor education, including continuous faculty development to
ensure optimal learning conditions for BLS course participants.
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