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Abstract: The spread of infectious diseases has accelerated the transition from face-to-face (F2F)
to non-F2F (NF2F) education. To maintain the effect of successful NF2F education in cardiopul-
monary resuscitation, reorganizing the curriculum to suit the NF2F educational environment is
necessary. We propose an appropriate learning curriculum for NF2F basic life support (BLS) training
for laypersons based on expert surveys and learners’ performance outcomes. This study included
three stages and used multiple methods. A draft curriculum was created through a literature review
and three-round Delphi approach, and then applied as a test for actual education. After the training,
the final curriculum of the NF2F BLS training for laypersons was proposed by reflecting on the
performance outcomes of learners and expert opinions. NF2F theoretical education was simplified
into five content items: concept of chain of survival, legal protection for first aiders, importance of
bystander cardiopulmonary resuscitation, how to recognize a patient in cardiac arrest and activate
the emergency medical services system, and reduced training time. In the hands-on skills session, it
was recommended to practice chest compressions using a simple intuitive feedback device and to
use automated external defibrillators step-by-step more than in F2F training. In conclusion, NF2F
training is a suitable option for BLS training methods in situations where F2F training is difficult.

Keywords: education; cardiopulmonary resuscitation; face-to-face training; non-face-to-face training;
Delphi

1. Introduction

Traditional education has long been based on a teacher-centered approach using face-
to-face (F2F) training. However, this has changed to a form based on communication
between learners and teachers that is non-F2F (NF2F), such as online, distance, or elec-
tronic learning (e-learning) [1]. As the risk of infection owing to the coronavirus disease
2019 (COVID-19) pandemic increased, opportunities to provide education decreased [2].
Accordingly, development of NF2F learning, such as distance learning, e-learning, and
blended learning, as a new education method to maintain the continuity of education, was
accelerated [3]. This change in teaching methods also had an impact on basic life support
(BLS) training. The European Resuscitation Council recommended discontinuing F2F BLS
training for the general public in response to the COVID-19 pandemic and highlighted the
relevance of NF2F learning to minimize the risk of infection transmission [4].

In situations where there is no direct cardiopulmonary resuscitation (CPR) training, the
distance-learning method has the advantages of cost-effectiveness, time savings, learning
autonomy and flexibility, and standardization of the delivery of training content, and it
is better than no training [5]. Furthermore, the distance-learning method for laypersons
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showed noninferiority in chest compression depth, rate, complete recoil, and composite
chest compression score compared with the traditional method [5-7].

However, NF2F education has some limitations. In NF2F education, it is difficult to
focus on education, the quality of interaction and feedback is low, and the communication
environment must be equipped with technical devices [8]. The curriculum and teaching
methodologies that are successful in F2F learning are not always successful in NF2F
education. In particular, in the field of CPR education, the translation of skills acquired in
the classroom to a real clinical environment is emphasized [9]. In light of its heavy reliance
on physical interactions and immediate technical feedback between teachers and learners,
the acquisition of practical skills, including CPR, has been commonly advised to take place
through F2F education rather than NF2F education [10]. For effective NF2F learning, it
is necessary to reorganize the training content and methodological procedures. Several
studies have compared BLS skills attained by applying new learning methods, but the
learning content and composition have not yet been evaluated.

Therefore, the purpose of this study was to propose an appropriate learning curricu-
lum for NF2F BLS training for laypersons on the basis of expert surveys and learners’
performance outcomes.

2. Materials and Methods

This study was divided into three stages and used multiple methods [11]. In the
first stage, a draft curriculum for NF2F learning was created by analyzing the contents of
the current training course and reflecting upon expert surveys. In the second stage, the
newly drafted curriculum was implemented using an actual NF2F education method, and
the effect was evaluated. Lastly, the curriculum was optimized on the basis of learners’
performance and expert opinions (Figure 1). This study was approved by the institutional
review board of Hallym University (HDT 2020-06-023), and all participants provided
informed consent.

Authors

Training course
analysis

‘ ‘ Experts ‘ ‘ Authors ‘ ‘ Experts ‘
Training course
. implementation N
Delphi based on draft Optimization
curriculum

Round 1 Round 2 | | Round 3

Draft curriculum

Figure 1. Summary of methods.

2.1. Stage 1: Draft Curriculum for NF2F BLS Learning

Four steps (questionnaire preparation, expert panel, survey progress, and Delphi
results) were performed [12].

2.1.1. Standard CPR Training Course Analysis: Questionnaire Preparation

The standard BLS training course is based on video content that is typically a mixture
of theoretical and hands-on skills training sessions in the form of practice while watching
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the video. The authors organized the core contents presented in the CPR guidelines [13]
and classified them into theoretical and hands-on skill parts according to the implemen-
tation method. A questionnaire for all rounds was designed to assess the feasibility and
effectiveness of the NF2F training operation for each content (Table S1). Questions were
asked with responses scored on a five-point Likert scale: strongly disagree (1), disagree (2),
neither agree nor disagree (3), agree (4), and strongly agree (5). Additionally, questions
were asked regarding the necessity for shortening the training time and simplifying the
operation in the first round. In the final round, content deemed unnecessary was selected
in a plural fashion. Additionally, open-ended questions regarding considerations in NF2F
education were provided.

2.1.2. Expert Panel Identification and Recruitment

A criterion-based convenience sampling method was used to identify the panel of
experts who participated in this study. The members of the Education Task Force Committee
and BLS Taskforce Committee in the Korean Association of Cardiopulmonary Resuscitation
were selected to form a panel of experts. A personalized invitation letter describing the
background and purpose of the study, along with a consent form, was sent by email
to 20 professional experts. Seven experts declined to participate because they had no
experience in NF2F education, and 13 experts confirmed their willingness to participate in
this study.

2.1.3. Delphi Survey

A three-round modified Delphi approach was implemented with online question-
naires, from December 2020 to March 2021 [14]. The response period in every round was
2 weeks, and a reminder text message was sent to experts who did not complete the ques-
tionnaires within 5 days. In the second and third rounds, the same questionnaire as that
used in round 1, along with a summary of expert opinions from the previous round, was
distributed to the participants.

2.1.4. Establishing Consensus: Delphi Results

Percentage agreement was used to determine the consensus [15]. If at least 70%
of the experts rated an item as 4 or 5, we defined that item as agreed upon by experts.
Items were removed from the curriculum if more than 70% of experts judged the content
as unnecessary.

2.2. Stage 2: Application of Draft Curriculum in NF2F Training

NEF2F education was implemented using the draft curriculum. Among the NF2F edu-
cation methods, a self-learning method with e-learning was selected, and its performance
was compared with that of the F2F education method.

2.2.1. Sample Size

The sample size calculation was conducted in a previous study [16]. Presuming an
exclusion rate of 25%, a sample size of 70 participants per group was required to have 80%
statistical power assuming an «-value of 0.05.

2.2.2. Recruitment of Participants

To minimize bias due to technical difficulties, high-school students who were proficient
in using smart devices were considered for enrolment. Participants were recruited through
announcements on the BLS training site from July 2021 to April 2022. Participants were
excluded if they had physical or communication disabilities during CPR training. They
were randomly assigned in a 1:1 ratio to the F2F or NF2F method using randomly permuted
blocks of size 2.
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2.2.3. Intervention

In the F2F group, training involved a video being shown on site by an instructor. In the
NF2F group, each participant was provided with a mannequin and tablets in an isolated
place. The assignment function of Kahoot! (Oslo, Norway) was used for the NF2F learning.
Among the original educational videos, the clips of the adopted educational steps were
separated and arranged in a predetermined order. Upon completion of the previous step,
the learners were allowed to select the next step. The Innosonian Brayden Pro® mannequin
(Seoul, Republic of Korea) was used for visual feedback. The total training time was 40 min,
and the training sessions were video-recorded.

2.2.4. Measurements

The checklist for assessment of class participation and performance after education was
developed on the basis of the adult skills testing checklist of the American Heart Association.
The evaluation criterion pertaining to breathing was excluded, and, to emphasize safe
defibrillation, analysis and shock delivery processes were evaluated by separating voice
notification and gesture (Figure 2). To assess the degree of emersion in the training, we
evaluated whether the participants had followed the hands-on sessions from the video. In
the 2 min chest compression session, during the 2 min sample video, the duration (s) that
chest compressions were performed following the video was determined and converted
into a percentage. Post-training evaluation was conducted in an F2F environment for
accurate verification. Whether each step was performed was evaluated, and the chest
compression component was specifically evaluated to determine whether high-quality
compression was maintained. High-quality compression was defined when the rate of
chest compressions at a depth of at least 5 cm and the rate of 100-120 compressions/min
exceeded 80%. The depth and rate of chest compression were measured using Laerdal
Resusci Anne QCPR® manikins (Stavanger, Norway).

Class participation | Y ‘ N Performance evaluation ‘ Y | N

1. Assessment and activation 1. Assessment and activation

1-1. Checks responsiveness m] m] 1-1. Checks responsiveness m] m]

1-2. Shouts for help/AED O O 1-2. Shouts for help/AED m] m]

1-3. Points out a helper m] m] 1-3. Points out a helper m] m]
2. Checks breathing O m] 2. Checks breathing m] o
3. Performs chest compression for 2 min 3. Performs chest compression for 2 min

Time spent performing chest compressions ( )% High quality chest compression*® ‘ m] | m]
4. Apply AED 4. Apply AED

4-1. Powers on AED [m] m] 4-1. Powers on AED m] m]

4-2. Correctly attaches pads [m] m] 4-2. Correctly attaches pads m] m]

4-3. Calls out to stand back for analysis m] m] 4-3. Calls out to stand back for analysis m] m]

4-4. Gestures to stand back for analysis O O 4-4. Gestures to stand back for analysis m] m]

4-5. Calls out to stand back for shock delivery O O 4-5. Calls out to stand back for shock delivery m] m]

4-6. Gestures to stand back for shock delivery O m] 4-6. Gestures to stand back for shock delivery m] m]
5. Resumes compressions immediately O m] 5. Resumes compressions immediately m] m]

* High quality compression was defined when the rate of chest
compressions at a depth of at least 5 cm and a rate of 100-
120/min was greater than 80%.

(a) (b)

Figure 2. Class participation checklist for each step (a) and post-training evaluation checklist (b).
AED, automatic external defibrillator.
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2.2.5. Data Analysis

Categorical variables are presented as numbers and percentages, and continuous
variables are presented as medians and interquartile ranges. Categorical variables were
compared using the chi-square test. Nonparametric continuous variables were analyzed
using the Mann-Whitney U test. Statistical significance was set at a p-value < 0.05. All
statistical analyses were performed using the SPSS software (version 25.0; IBM Corp.,
Armonk, NY, USA).

2.3. Stage 3: Development of Curriculum in NF2F BLS Training

The results of training using the draft curriculum were shared with 13 experts who
participated in the earlier Delphi rounds. In the Delphi, they were requested to suggest im-
provements in content that showed low feasibility and efficiency, and low class participation
and performance. Accordingly, the NF2F BLS training curriculum was finalized.

3. Results
3.1. Stage 1: Establishment of a Draft BLS Curriculum for Laypersons

The median age of the 13 experts who participated in the core content evaluation
was 48 years, and 69.2% were males. The median BLS instructor experience of the experts
was 15 years, and they had participated in 30 training sessions in the last 2 years (Table 1).
Table 2 summarizes the feasibility and effectiveness of the NF2F training operation for each
element of the final round.

Table 1. Demographic characteristics of expert panel.

Experts
N=13
Age (years) 48 (43-75)
Sex, male 9 (69.2)
Instructor career (years) 15 (11.5-22.5)
Attendance of BLS training sessions in the recent 2 years 30 (10-45)

BLS, basic life support.

Table 2. Draft curriculum of basic life support for layperson.

Theoretical Session

Concept of chain of survival

Legal protection for first-aiders

Importance of bystander cardiopulmonary resuscitation

How to recognize a patient in cardiac arrest

Hands-on skills session

How to activate emergency medical services system and dispatch cardiopulmonary resuscitation

High-quality chest compressions

Use of automatic external defibrillators

Integrated practice

Evaluation with a feedback device

All experts agreed on the necessity for shortening the training time and simplifying
its implementation for NF2F learning. To shorten the training time, contents deemed less
necessary were removed. In the hands-on skills session, it was finally decided to delete
the ventilation, debriefing, and teamwork/leadership items, as it was considered that the
hands-only compression should be emphasized more in the NF2F situation (Tables S2 and S3).
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Debriefing and teamwork/leadership items were deleted because it was considered difficult
to maintain interactive relationships in the NF2F education (Figure 3). The course order
was rearranged from the method, in which theoretical and hands-on skills sessions were
cross-implemented to a form, with which the theoretical session was completed, and after
which hands-on skills sessions were conducted. Table 2 presents the draft curriculum.

A. Theoretical session

. Concept of chain of survival
. Legal protection for first aid
. Personal and environmental

B. Hands-on skills session

b2. High quality chest compress
b3. Appropriate ventilation

b4. Use of AED

b5. Integrated practice

b6. Debriefing

b7. Leadership and teamwork
C. Evaluation

cl. using a feedback device

. Importance of bystander CPR

. How to recognize a patient in cardiac arrest
. Importance of regular training

. Use of actual cardiac arrest patient cases

bl. How to activate EMS system and dispatch CPR

T

Effectiveness

ers
hazards associated with CPR

B7 ®

ions

B2 ©®
B5 @

B3 ®

Feasibility

Agreement area X Adopted as unnecessary contents

Figure 3. Core content reconstructed according to education method and results of Delphi

rounds. AED, automatic external defibrillator; CRP, cardiopulmonary resuscitation; EMS, emer-
gency medical services.

Figure 3 shows the core content list according to the education method and Delphi
results for each content item’s effectiveness, feasibility, and unnecessariness.

3.2. Stage 2: Application of Draft Curriculum in NF2F Training

There were no significant differences in terms of sex, age, or previous BLS training
history between the participants in the F2F and NF2F groups (Table 3).

Table 3. General characteristics of participants.

NFZFNL::rSnmg FZFI\IIJe:;rSung p-Value
Sex, male 10 (28.6) 5(14.3) 0.244
Age (years) 16 (15-17) 17 (16-17) 0.539
Previous BLS training 35 (100) 35 (100) 1.000

BLS, basic life support; F2F, face-to-face; NF2F, non-face-to-face.

Class participation of the two groups showed significant differences except for the
steps of checks for responsiveness, turning on of the automatic external defibrillator (AED),
and attaching the pads. Within the NF2F learning group, class participation was remarkably
low but was improved in the performance test for the analysis stage using call for help/AED
(31.5% vs. 82.9%), identifying a helper (34.3% vs. 68.6%), calling out to stand back (20.0% vs.
28.6%), and gesturing to stand back for analysis (28.6% vs. 37.1%). Nevertheless, regarding
the performance elements, checking breathing (31.4% vs. 28.6%), correct attachment of
the AED pads (94.4% vs. 74.3%), and gesturing to stand back for shock delivery (37.1%
vs. 28.6%) were worse. In terms of the high-quality chest compression steps, the two
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groups did not differ in terms of class participation and post-educational performance
evaluation (Table 4).

Table 4. Comparison of class participation and post-training evaluation in NF2F and F2F learning.

Class Participation

Performance Test

NEF2F Learning F2F Learning p-Value NF2F Learning  F2F Learning p-Value
Assessment and
activation
Checks for 35 (100.0) 35 (100.0) 1.000 34 (97.1) 35 (100.0) 1.000
responsiveness
Call for help/AED 11 (31.4) 34 (97.1) <0.001 29 (82.9) 35 (100.0) 0.025
Points out a helper 12 (34.3) 32 (91.4) <0.001 24 (68.6) 35 (100.0) <0.001
Checks breathing 11 (31.4) 35 (100.0) <0.001 10 (28.6) 30 (85.7) <0.001
Chest compression
Chest compression
participation rate 90.0 (85.8-91.7)  97.5(95.0-99.2) <0.001
during 2 min (%)
High-quality chest 33 (94.3) 34 (97.1) 1.000
compressions
Apply AED
Power on AED 35 (100.0) 35 (100.0) 1.000 31 (88.6) 35 (100.0) 0.114
Correcltg dzttaChes 32 (91.4) 35 (100.0) 0.239 26 (74.3) 34 (97.1) 0.013
Call out to stand back 7
for analysis 200) 33 (94.3) <0.001 10 (28.6) 32 (91.4) <0.001
Gesture to stand back 10 (28.6) 32 (91.4) <0.001 13 (37.1) 30 (85.7) <0.001
for analysis
Call out to stand back 7 7
for shock delivery 200) 32 (91.4) <0.001 200) 34 (97.1) <0.001
Gesture to stand back
for shock delivery 13 (37.1) 29 (82.9) <0.001 10 (28.6) 31 (88.6) <0.001
Resume
compressions 24 (68.6) 35 (100.0) <0.001 32 (91.4) 35 (100.0) 0.239
immediately

AED, automated external defibrillator; F2F, face-to-face; NF2F, non-face-to-face.

3.3. Stage 3: Final Conceptualisation

The overall evaluation after the training operation was as follows: during NF2F skill
practice, learners showed low participation in most steps, except for response checks and
chest compressions. In the post-training evaluation, compared with that of the partici-
pants of F2F learning, performance was low in those who participated in NF2F learning,
but the difference decreased. In particular, except for the step of turning on power of
the AED, the performance related to the use of AED was significantly reduced in the
post-training evaluation.

The results of the NF2F training were shared with 13 experts who participated in the
Delphi, and opinions were collected for education improvement. When asked regarding the
need for improvement in areas where participation in education dropped compared with
the results of the post-training evaluation, eight experts (61.5%) suggested that the existing
method could be maintained. They mentioned that environments other than classrooms
can lead to more distractions, and simulated isolation rooms in video-monitored situations
can discourage students from participating in classes. For items with low achievement, it
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was suggested to reinforce theoretical education through repetitive learning, use of smart
devices, and practice. Regarding the use of feedback equipment during training, 11 experts
(84.6%) answered that increasing trainees’ fatigue due to equipment settings should be
avoided, and that feedback equipment should be simple to use even if it does not provide
accurate figures. Regarding evaluation using a feedback device, which received a low score
in feasibility and effectiveness in the Delphi rounds, 11 experts (84.6%) answered that the
use of a feedback device is essential, even if it is inconvenient to operate (Table 5).

Table 5. Suggestion for improvement on items with low performance achievement rate.

Training Content Suggestion for Improvement

Iterative learning
Call for help/AED Enhanced feedback function using artificial intelligence and
smart devices

Iterative learning
Reinforcing theoretical session for safety
Utilization of auxiliary equipment, such as virtual reality
and mobile application

Call out and gesture to use AED

Use of feedback devices Using intuitive feedback equipment accessible to learners

AED, automatic external defibrillator.

The educational queries presented in Table 6 are based on the educational results and
expert opinions.

Table 6. Suggested curriculum of non-face-to-face basic life support training for laypersons.

Skill That Should Be Trained Consideration

Theoretical session

Concept of chain of survival

Legal protection for first-aiders

Importance of bystander cardiopulmonary

o Emphasis on rescuer safety
resuscitation

How to recognize a patient in cardiac arrest
and activate emergency medical
services system

Emphasis on fully checking breathing for
atleast5s

Hands-on skills session

How to activate emergency medical services
system and dispatch Iterative learning
cardiopulmonary resuscitation

If real-time interaction with instructor is not
High-quality chest compressions available, leverage intuitive feedback using
sound or visual guidance

Iterative learning by steps of usage
Use of automated external defibrillators Utilization of auxiliary equipment, such as
virtual reality and mobile application

Integrated practice

Use quantified indicators to compare

Evaluation with a feedback device .
performance improvement

4. Discussion

In this study, we developed a framework for NF2F training of BLS skills, which is
indispensable during the COVID-19 pandemic. Through a Delphi survey of experts, an
NF2F course was developed and verified through a simulation study. The participation rate
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of the NF2F group was lower than that of the F2F group in terms of call for help, checks for
breathing, and AED operations, which showed similar results in the performance test. By
collecting additional opinions from experts after the simulation study, it was confirmed
that reinforcing theoretical education through repetitive learning, use of smart devices, and
practice is necessary.

Although teachers are crucial to the success of education [17], NF2F training in BLS
is very important for several reasons. First, F2F training has limitations owing to the
lack of instructors and equipment and the high cost of organizing the curriculum [18-20].
Second, NF2F is conducive to the standardization of education, and the instructor’s BLS
teaching skills are guaranteed [18]. Third, flexibility in the place and time of the trainees is
guaranteed [21]. In addition, NF2F training is more suitable than F2F training in certain
situations, such as during the COVID-19 pandemic.

In terms of theoretical knowledge transfer, online education is effective and can
partially replace F2F education [22,23]. However, when it comes to teaching practical skills,
online training appears to be generally less effective than onsite training [24,25]. Specialist
materials and equipment are required in practical training, and it is important to frequently
practice [26]. In BLS training, equipment, such as a mannequin on which chest compressions
can be performed or an AED can be directly attached, is required. Virtual reality-based BLS
training equipment can also facilitate NF2F training if the equipment is unavailable [27]. In
our study, although mannequins and AEDs were provided to the trainees, the performance
of the NF2F group was lower than that of the F2F group, highlighting the limitation of
online education. This can be overcome by reinforcing theoretical education through
repetitive learning.

Jensen et al. reported that NF2F training through e-learning is an effective way
to maintain advanced life support competence for doctors who have undergone F2F
training [28]. The participants’ characteristics in our study were similar to those in the
study by Jensen et al., as all participants had previously received BLS training. However,
the results were different; BLS competence in the group of participants who underwent
F2F training was higher than that in participants who underwent NF2F training in most
of the evaluation items. This difference between the studies could be attributed to two
factors. First, it may be attributed to differences in the occupations of the study participants.
Participants in our study were high-school students, whereas, in the study by Jensen et al.,
the participants were doctors. Given the nature of medical professions, which require
doctors to undergo essential CPR training [29], it is plausible to hypothesize that their
participation in and focus on education may have been comparatively higher than that of
high-school students. Second, there was a difference in training frequency. In the study
by Jensen et al., e-learning was conducted every month for 1 year, whereas, in the present
study, education was conducted only once. If we had repeated the training in our study,
the NF2F training would have likely produced better CPR performance than that observed
using the present methods.

Feedback is essential in education because it has motivating and informative proper-
ties; it should include information about knowledge of results (outcomes) or knowledge
of performance (skills or movement) [30]. In BLS training, the latter is more applicable.
Real-time instructor feedback is important when learning practical skills in NF2F training.
However, as there may not be an instructor available to provide feedback, an alternative
feedback device can facilitate the acquisition of BLS skills without the support of a pro-
fessional trainer [31]. Recently, feedback equipment, such as a CPR tutor using a machine
learning model, has been developed, which can facilitate NF2F training [32]. The experts in
our study also agreed that the use of feedback equipment is essential for NF2F training.

In NF2F education, such as e-learning, it is essential to provide education that ef-
fectively covers both theoretical knowledge and practical skills [33]. Theoretical content
should be provided in a way that enables learners to gain a thorough understanding of
the subject and actively engage in their learning process. Furthermore, assignments or
self-testing assessments can be utilized [34]. Regarding practical skills, it is necessary to
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provide performance-based educational materials that offer a sense of real-world relevance.
Evaluation and feedback are crucial to assess whether learners have correctly acquired
skills and provide guidance on proper technique [35]. With recent advancements in virtual
and augmented reality technologies, educational programs utilizing virtual reality for CPR
training have been developed, and their effectiveness has been demonstrated [36,37]. One
advantage of utilizing virtual reality for education is that it can enhance the sense of realism
and immersion.

Our study had some limitations. First, as the study was conducted with high-school
students, caution is needed in generalizing the results. Second, in NF2F training, it is
difficult to provide equipment, such as a mannequin. However, the effectiveness of CPR
training using equipment, such as virtual reality, has been demonstrated [27]. Third, to
bridge the gap between F2F and NF2F education, it is necessary to consider the possibility
of distant feedback from instructors. Fourth, the choice of the expert panel is a potential
limitation in Delphi studies, as it may be influenced and biased by the researchers’ own
sphere of contact. Finally, there are no universally accepted or evidence-based criteria for
defining a consensus.

5. Conclusions

When F2F training of BLS is not feasible, teach-to-learn innovation is needed, and
NEF2F training may be a valid option for training CPR knowledge and skills. However,
repetitive training, use of assistive devices, and intuitive feedback are crucial aspects of
effective NF2F training.
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Author Contributions: Conceptualization, S.H. and C.A.L.; methodology, C.A.L.,, W.]J.]., J.P. and
H.A.P; formal analysis, C.A.L.; investigation, WJ.]., J.P. and H.A.P,; resources, S.H. and C.A.L.; data
curation, C.A.L.; writing—original draft preparation, S.H. and C.A.L.; writing—review and editing,
S.H. and C.A.L,; project administration, C.A.L.; funding acquisition, S.H. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Soonchunhyang University Research Fund.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Hallym University (HDT 2020-06-023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are not openly available
due to reasons of sensitivity and are available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. O’Doherty, D.; Dromey, M.; Lougheed, J.; Hannigan, A.; Last, J.; McGrath, D. Barriers and solutions to online learning in medical
education—An integrative review. BMC Med. Educ. 2018, 18, 130. [CrossRef] [PubMed]

2. Al-Balas, M.; Al-Balas, H.I,; Jaber, H.M.; Obeidat, K.; Al-Balas, H.; Aborajooh, E.A.; Al-Taher, R.; Al-Balas, B. Distance learning in
clinical medical education amid COVID-19 pandemic in Jordan: Current situation, challenges, and perspectives. BMC Med. Educ.
2020, 20, 341.

3. Moore, ].L.; Dickson-Deane, C.; Galyen, K. E-learning, online learning, and distance learning environments: Are they the same?
Internet High. Educ. 2011, 14, 129-135. [CrossRef]

4. Nolan, ].P.; Monsieurs, K.G.; Bossaert, L.; Bottiger, B.; Greif, R.; Lott, C.; Madar, J.; Olasveengen, T.; Roehr, C.; Semeraro, F.; et al.
European Resuscitation Council COVID-19 guidelines executive summary. Resuscitation 2020, 153, 45-55. [CrossRef] [PubMed]

5. Ali, D.M,; Hisam, B.; Shaukat, N.; Baig, N.; Ong, M.E.H.; Epstein, ]J.L.; Goralnick, E.; Kivela, P.D.; McNally, B.; Razzak, ]J.
Cardiopulmonary resuscitation (CPR) training strategies in the times of COVID-19: A systematic literature review comparing
different training methodologies. Scand. |. Trauma Resusc. Emerg. Med. 2021, 29, 53. [CrossRef]

6. Lee, S.G.W,; Hong, K].; Lee, S.Y.; Shin, S.D.; Song, K.J.; Park, ].H.; Choi, S.; Lee, G.; Pak, J.; Park, Y.J. Efficacy of distance training

program for cardiopulmonary resuscitation utilizing smartphone application and home delivery system. Am. J. Emerg. Med. 2023,
66, 67-72. [CrossRef]


https://www.mdpi.com/article/10.3390/healthcare11142110/s1
https://www.mdpi.com/article/10.3390/healthcare11142110/s1
https://doi.org/10.1186/s12909-018-1240-0
https://www.ncbi.nlm.nih.gov/pubmed/29880045
https://doi.org/10.1016/j.iheduc.2010.10.001
https://doi.org/10.1016/j.resuscitation.2020.06.001
https://www.ncbi.nlm.nih.gov/pubmed/32525022
https://doi.org/10.1186/s13049-021-00869-3
https://doi.org/10.1016/j.ajem.2023.01.026

Healthcare 2023, 11,2110 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Birkun, A. Free distance learning of cardiopulmonary resuscitation for laypeople—A reasonable way for improving cardiac arrest
outcomes in low-resource settings. Resuscitation 2021, 168, 91-92. [CrossRef]

Serhan, D. Transitioning from Face-to-Face to Remote Learning: Students’ Attitudes and Perceptions of using Zoom during
COVID-19 Pandemic. Int. ]. Technol. Educ. Sci. 2020, 4, 335-342. [CrossRef]

Cheng, A.; Nadkarni, V.M.; Mancini, M.B.; Hunt, E.A.; Sinz, E.H.; Merchant, R M.; Donoghue, A.; Duff, ].P,; Eppich, W.; Auerbach,
M.; et al. Resuscitation Education Science: Educational Strategies to Improve Outcomes from Cardiac Arrest: A Scientific
Statement from the American Heart Association. Circulation 2018, 138, e82—e122. [CrossRef]

Zaghal, A.; Marley, C.; Rahhal, S.; Hassanieh, J.; Saadeh, R.; El-Rifai, A.; Qaraqe, T.; ElBejjani, M.; Jaafar, R.; Hoballah, ].J.
Face-to-face versus distance learning of basic suturing skills in novice learners: A quantitative prospective randomized trial.
BMC Med. Educ. 2022, 22, 290. [CrossRef]

Hesse-Biber, S.N.; Johnson, R.B. The Oxford Handbook of Multimethod and Mixed Methods Research Inquiry; Oxford University Press:
Oxford, UK, 2015.

Boulkedid, R.; Abdoul, H.; Loustau, M.; Sibony, O.; Alberti, C. Using and Reporting the Delphi Method for Selecting Healthcare
Quality Indicators: A Systematic Review. PLoS ONE 2011, 6, €20476. [CrossRef]

Lee, M].; Shin, T.-Y.; Lee, C.H.; Moon, ].D.; Roh, S.G.; Kim, C.W.; Park, H.E.; Woo, S.H.; Lee, S.J.; Shin, S.L.; et al. 2020 Korean
Guidelines for Cardiopulmonary Resuscitation. Part 9. Education and system implementation for enhanced chain of survival.
Clin. Exp. Emerg. Med. 2021, 8, S116-5124. [CrossRef] [PubMed]

Woodcock, T.; Adeleke, Y.; Goeschel, C.; Pronovost, P.; Dixon-Woods, M. A modified Delphi study to identify the features of high
quality measurement plans for healthcare improvement projects. BMC Med. Res. Methodol. 2020, 20, 8. [CrossRef] [PubMed]
Diamond, L.R,; Grant, R.C.; Feldman, B.M.; Pencharz, P.B.; Ling, S.C.; Moore, A.M.; Wales, PW. Defining consensus: A systematic
review recommends methodologic criteria for reporting of Delphi studies. |. Clin. Epidemiol. 2014, 67, 401-409. [CrossRef]

Han, S.; Park, H.J.; Nah, S.; Lee, E.H.; Lee, H.J.; Park, ].O.; Lee, C.A. Instructor-led distance learning for training students in
cardiopulmonary resuscitation: A randomized controlled study. PLoS ONE 2021, 16, e0251277. [CrossRef] [PubMed]
Organisation for Economic Co-Operation and Development. PISA 2012 Results: What Makes Schools Successful? Resources, Policies
and Practices; OECD Publishing: Paris, France, 2013; Volume IV.

Salvatierra, G.G.; Palazzo, S.J.; Emery, A. High School CPR/AED Training in Washington State. Public Health Nurs. 2017, 34,
238-244. [CrossRef]

Salciccioli, J.D.; Marshall, D.C.; Sykes, M.; Wood, A.D.; Joppa, S.A.; Sinha, M.; Lim, P.B. Basic life support education in secondary
schools: A cross-sectional survey in London, UK. BM] Open 2017, 7, e011436. [CrossRef] [PubMed]

Hart, D.; Flores-Medrano, O.; Brooks, S.; Buick, J.E.; Morrison, L.J. Cardiopulmonary resuscitation and automatic external
defibrillator training in schools: “Is anyone learning how to save a life?”. Can. J. Emerg. Med. 2013, 15, 270-278. [CrossRef]
[PubMed]

Napp, A.; Kosan, J.; Hoffend, C.; Haege, A.; Breitfeld, P.; Doehn, C.; Daubmann, A.; Kubitz, ].; Beck, S. Implementation of basic
life support training for school children: Online education for potential instructors? Results of a cluster randomised, controlled,
non-inferiority trial. Resuscitation 2020, 152, 141-148. [CrossRef]

Hsieh, M.-].; Bhanji, F.; Chiang, W.-C.; Yang, C.-W.; Chien, K.-L.; Ma, M.H.-M. Comparing the effect of self-instruction with that of
traditional instruction in basic life support courses—A systematic review. Resuscitation 2016, 108, 8-19. [CrossRef]

Greif, R.; Bhanji, F; Bigham, B.L.; Bray, J.; Breckwoldyt, J.; Cheng, A ; Duff, ].P,; Gilfoyle, E.; Hsieh, M.-].; Iwami, T.; et al. Education,
implementation, and teams: 2020 international consensus on cardiopulmonary resuscitation and emergency cardiovascular care
science with treatment recommendations. Circulation 2020, 142, S222-S283. [CrossRef]

Lim, H.; Lee, S.-G.; Nam, K. Validating E-learning factors affecting training effectiveness. Int. J. Inf. Manag. 2007, 27, 22-35.
[CrossRef]

Means, B.; Toyama, Y.; Murphy, R.; Bakia, M.; Jones, K. Evaluation of evidence-based practices in online learning: A meta-analysis
and review of online learning studies. Structure 2009, 115.

Hampton, C. Teaching practical skills. In Perspectives on Distance Education: Skills Development through Distance Education; The
Commonwealth of Learning: Vancouver, BC, Canada, 2002; pp. 83-91.

Semeraro, F.; Ristagno, G.; Giulini, G.; Gnudi, T.; Kayal, ].S.; Monesi, A.; Tucci, R.; Scapigliati, A. Virtual reality cardiopulmonary
resuscitation (CPR): Comparison with a standard CPR training mannequin. Resuscitation 2019, 135, 234-235. [CrossRef] [PubMed]
Jensen, M.L.; Mondrup, E,; Lippert, F,; Ringsted, C. Using e-learning for maintenance of ALS competence. Resuscitation 2009, 80,
903-908. [CrossRef]

Omi, W,; Taniguchi, T.; Kaburaki, T.; Okajima, M.; Takamura, M.; Noda, T.; Ohta, K.; Itoh, H.; Goto, Y.; Kaneko, S.; et al. The
attitudes of Japanese high school students toward cardiopulmonary resuscitation. Resuscitation 2008, 78, 340-345. [CrossRef]
Wulf, G.; Shea, C.; Lewthwaite, R. Motor skill learning and performance: A review of influential factors. Med. Educ. 2010, 44,
75-84. [CrossRef]

Bhanji, F.; Donoghue, A.].; Wolff, M.S.; Flores, G.E.; Halamek, L.P.; Berman, ].M.; Sinz, E.H.; Cheng, A. Part 14: Education: 2015
American Heart Association guidelines update for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation
2015, 132, S561-5573. [CrossRef]


https://doi.org/10.1016/j.resuscitation.2021.09.020
https://doi.org/10.46328/ijtes.v4i4.148
https://doi.org/10.1161/CIR.0000000000000583
https://doi.org/10.1186/s12909-022-03353-3
https://doi.org/10.1371/journal.pone.0020476
https://doi.org/10.15441/ceem.21.029
https://www.ncbi.nlm.nih.gov/pubmed/34034453
https://doi.org/10.1186/s12874-019-0886-6
https://www.ncbi.nlm.nih.gov/pubmed/31937262
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1371/journal.pone.0251277
https://www.ncbi.nlm.nih.gov/pubmed/33956873
https://doi.org/10.1111/phn.12293
https://doi.org/10.1136/bmjopen-2016-011436
https://www.ncbi.nlm.nih.gov/pubmed/28062467
https://doi.org/10.2310/8000.2013.130898
https://www.ncbi.nlm.nih.gov/pubmed/23972132
https://doi.org/10.1016/j.resuscitation.2020.04.041
https://doi.org/10.1016/j.resuscitation.2016.08.021
https://doi.org/10.1161/CIR.0000000000000896
https://doi.org/10.1016/j.ijinfomgt.2006.08.002
https://doi.org/10.1016/j.resuscitation.2018.12.016
https://www.ncbi.nlm.nih.gov/pubmed/30597133
https://doi.org/10.1016/j.resuscitation.2009.06.005
https://doi.org/10.1016/j.resuscitation.2008.03.233
https://doi.org/10.1111/j.1365-2923.2009.03421.x
https://doi.org/10.1161/CIR.0000000000000268

Healthcare 2023, 11,2110 12 of 12

32.

33.

34.

35.

36.

37.

Di Mitri, D.; Schneider, J.; Trebing, K.; Sopka, S.; Specht, M.; Drachsler, H. Real-Time Multimodal Feedback with the CPR Tutor. In
Artificial Intelligence in Education, Proceedings of the 21st International Conference, AIED 2020, Ifrane, Morocco, 610 July 2020; Springer:
Berlin/Heidelberg, Germany, 2020; Volume 21, Part I; pp. 141-152. [CrossRef]

Masters, K.; Ellaway, R. e-Learning in medical education Guide 32 Part 2: Technology, management and design. Med. Teach. 2008,
30, 474-489. [CrossRef]

Lochner, L.; Wieser, H.; Waldboth, S.; Mischo-Kelling, M. Combining traditional anatomy lectures with e-learning activities: How
do students perceive their learning experience? Int. J. Med. Educ. 2016, 7, 69-74. [CrossRef]

Ellaway, R.; Masters, K. AMEE Guide 32: E-Learning in medical education Part 1: Learning, teaching and assessment. Med. Teach.
2008, 30, 455-473. [CrossRef] [PubMed]

Hubail, D.; Mondal, A.; Al Jabir, A ; Patel, B. Comparison of a virtual reality compression-only Cardiopulmonary Resuscitation
(CPR) course to the traditional course with content validation of the VR course—A randomized control pilot study. Ann. Med.
Surg. 2022, 73,103241. [CrossRef] [PubMed]

Issleib, M.; Kromer, A.; Pinnschmidt, H.O.; Siiss-Havemann, C.; Kubitz, J.C. Virtual reality as a teaching method for resuscitation
training in undergraduate first year medical students: A randomized controlled trial. Scand. J. Trauma Resusc. Emerg. Med. 2021,
29, 27. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/978-3-030-52237-7_12
https://doi.org/10.1080/01421590802108349
https://doi.org/10.5116/ijme.56b5.0369
https://doi.org/10.1080/01421590802108331
https://www.ncbi.nlm.nih.gov/pubmed/18576185
https://doi.org/10.1016/j.amsu.2022.103241
https://www.ncbi.nlm.nih.gov/pubmed/35079374
https://doi.org/10.1186/s13049-021-00836-y
https://www.ncbi.nlm.nih.gov/pubmed/33526042

	Introduction 
	Materials and Methods 
	Stage 1: Draft Curriculum for NF2F BLS Learning 
	Standard CPR Training Course Analysis: Questionnaire Preparation 
	Expert Panel Identification and Recruitment 
	Delphi Survey 
	Establishing Consensus: Delphi Results 

	Stage 2: Application of Draft Curriculum in NF2F Training 
	Sample Size 
	Recruitment of Participants 
	Intervention 
	Measurements 
	Data Analysis 

	Stage 3: Development of Curriculum in NF2F BLS Training 

	Results 
	Stage 1: Establishment of a Draft BLS Curriculum for Laypersons 
	Stage 2: Application of Draft Curriculum in NF2F Training 
	Stage 3: Final Conceptualisation 

	Discussion 
	Conclusions 
	References

