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Abstract

Background: Generally, cardiopulmonary resuscitation (CPR) skills decline substantially over time. By combining web-based
self-regulated learning with hands-on practice, blended training can be a time- and resource-efficient approach enabling individuals
to acquire or refresh CPR skills at their convenience. However, few studies have evaluated the effectiveness of blended CPR
refresher training compared with that of the traditional method.

Objective: This study investigated and compared the effectiveness of traditional and blended CPR training through 6-month
and 12-month refresher sessions with CPR ability indicators.

Methods: This study recruited participants aged ≥18 years from the Automated External Defibrillator Donation Project. The
participants were divided into 4 groups based on the format of the CPR training and refresher training received: (1) initial traditional
training (a 30-minute instructor-led, hands-on session) and 6-month traditional refresher training (Traditional6 group), (2) initial
traditional training and 6-month blended refresher training (an 18-minute e-learning module; Mixed6 group), (3) initial traditional
training and 12-month blended refresher training (Mixed12 group), and (4) initial blended training and 6-month blended refresher
training (Blended6 group). CPR knowledge and performance were evaluated immediately after initial training. For each group,
following initial training but before refresher training, a learning effectiveness assessment was conducted at 12 and 24 months.
CPR knowledge was assessed using a written test with 15 multiple-choice questions, and CPR performance was assessed through
an examiner-rated skill test and objectively through manikin feedback. A generalized estimating equation model was used to
analyze changes in CPR ability indicators.

Results: This study recruited 1163 participants (mean age 41.82, SD 11.6 years; n=725, 62.3% female), with 332 (28.5%), 270
(23.2%), 258 (22.2%), and 303 (26.1%) participants in the Mixed6, Traditional6, Mixed12, and Blended6 groups, respectively.
No significant between-group difference was observed in knowledge acquisition after initial training (P=.23). All groups met the
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criteria for high-quality CPR skills (ie, average compression depth: 5-6 cm; average compression rate: 100-120 beats/min; chest
recoil rate: >80%); however, a higher proportion (98/303, 32.3%) of participants receiving blended training initially demonstrated
high-quality CPR skills. At 12 and 24 months, CPR skills had declined in all the groups, but the decline was significantly higher
in the Mixed12 group, whereas the differences were not significant between the other groups. This finding indicates that frequent
retraining can maintain high-quality CPR skills and that blended refresher training is as effective as traditional refresher training.

Conclusions: Our findings indicate that 6-month refresher training sessions for CPR are more effective for maintaining
high-quality CPR skills, and that as refreshers, self-learning e-modules are as effective as instructor-led sessions. Although the
blended learning approach is cost and resource effective, factors such as participant demographics, training environment, and
level of engagement must be considered to maximize the potential of this approach.

Trial Registration: IGOGO NCT05659108; https://www.cgmh-igogo.tw

(JMIR Med Educ 2024;10:e52230) doi: 10.2196/52230
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Introduction

Sudden cardiac arrest is a severe condition, particularly when
it occurs outside a medical facility, and the corresponding
survival rates are very low. In Europe and North America, these
survival rates range from 7% to 13%, whereas in Asia, they are
even lower at 0.5% to 8.5% [1-3]. Furthermore, these survival
rates vary significantly by location and demography. Some
countries exhibit higher survival rates, ranging from 20% to
40%. In contrast, according to a database, the survival rate in
Taiwan is 8% to 10% [3-6]. Therefore, survival after
out-of-hospital cardiac arrest (OHCA) exhibits substantial
variability across regions [7].

The survival status for OHCA is closely linked to the Chain of
Survival of the American Heart Association (AHA), which
emphasizes the early activation of emergency medical services
(EMSs), early cardiopulmonary resuscitation (CPR), and early
defibrillation as the first 3 critical links [8]. These 3 interventions
can be administered in a prehospital setting, and achieving
high-quality outcomes following these interventions is pivotal
to enhancing OHCA survival rates. Owing to significant
disparities in EMSs, bystander CPR rates, and public access to
automated external defibrillators (AEDs) in different regions,
OHCA survival rates exhibit corresponding variations [7].
However, through CPR training and dispatcher-assisted CPR,
the global bystander CPR rate has improved from approximately
20% in 2001 to 40% to 55% in 2023 [9-11]. In Taiwan, the
government has implemented legally mandated continuous
public CPR education and training programs aimed at improving
the response of bystanders to sudden cardiac arrest [12]. This
effort has resulted in significant increases in bystander CPR
rates and the use of public AEDs [7,13]. Over a decade, 14%
and 3.8% increases have been noted in the bystander CPR rate
and the use rate of public AEDs, respectively [6,9,14].

Research has demonstrated a significant decline in CPR skills
over time, especially regarding chest compression depth and
rate [15]. Consequently, maintaining the public’s CPR skills
and their motivation for learning CPR is challenging. In response
to this challenge, the AHA recommended self-directed training

for CPR during the COVID-19 pandemic [16]. Similarly, the
European Resuscitation Council recognized blended training
models as an alternative to traditional face-to-face teaching
models [17,18]. Furthermore, previous studies have indicated
that blended training is not inferior to traditional methods and
offers advantages such as resource saving and time saving,
making it an effective approach for CPR education [15]. By
using blended training models, which combine web-based
self-guided learning with hands-on practice, individuals can
acquire or refresh their CPR skills at their own pace and
convenience [15]. Such flexibility fosters increased levels of
engagement and enhanced retention of CPR knowledge and
thus ultimately enhances the public’s preparedness for treating
sudden cardiac arrests. Therefore, blended approaches are
valuable both during a pandemic and when in-person training
cannot be conducted, ensuring widespread CPR education for
a broad audience [19].

Limited research has been conducted regarding the effective
implementation of relearning stimuli to maintain CPR skills
within the framework of blended training. Therefore, the primary
objective of this study was to provide relearning stimuli in a
blended training setting after using both traditional and blended
teaching methods; this study also investigated the effectiveness
and most appropriate frequency of blended training. Finally,
this study compared learners’ performance in 2 educational
settings. We hypothesized that using the blended method with
6-month interventions would yield outcomes comparable to
those achieved through the traditional method.

Methods

Study Design, Setting, and Participants
This study used a prospective observational design, and
participants were recruited from the AED Donation Project,
also called the Love GOGO program, implemented by Chang
Gung Memorial Hospital, Taiwan. The Love GOGO program
aims to establish an educational training system for CPR and
build a comprehensive teaching database encompassing
participants’ attributes, learning models, and CPR parameters.
Individuals from government agencies, nonprofit organizations,
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schools, and organizations required by current Taiwanese
regulations to have AED facilities participate in this education
and training program. These include transportation hubs, large
long-distance vehicles, tourist spots, schools or large assembly
places, large leisure places, large shopping malls, hotels, large
public bathhouses, hot springs, and public service sectors such
as police stations. These organizations voluntarily participated
in the Love GOGO program and proactively contacted the
research assistant (YTK) of this study. For this study,
participants were enrolled in the Love GOGO program from
January to December 2017. Based on our previous study, both
traditional and blended teaching models showed a noticeable
decline in skill retention after approximately 6 months [12,15].
In this study, mandatory retraining was administered every 6

months or 1 year (Figure 1), spanning a comprehensive training
regimen conducted over 2 years. In the initial training phase,
the participants were assigned to either traditional teaching or
blended teaching modes. Learning effectiveness assessments
were conducted every 12 months, with a retraining frequency
of 6 or 12 months. Before refresher courses but following initial
training, each group underwent evaluation at 12 and 24 months.
The results of the 12-month learning effectiveness assessment
were disclosed only at 24 months. The research assistants
independently allocated training methodologies and the
frequencies of subsequent follow-up assessments, using unit
convenience and considering the practicalities of the study
context. Those responsible for the execution of course training
and assessments were not involved in the allocation process.

Figure 1. Schematic diagram illustrating the arrangement of four training courses: Mixed6, Traditional6, Mixed12 and Blended6.

The inclusion criteria are described as follows: (1) aged at least
18 years and (2) not having undergone any CPR training within
the preceding 2 years. Individuals who had physical limitations
preventing them from kneeling to perform CPR, who were
pregnant, or who were unwilling to sign the informed consent
form were excluded from this study. Before initial training, the
research assistant divided the participants into groups, and their
basic characteristics—namely age, sex, educational level,
exercise habits, whether they were receiving CPR training for
the first time, their most recent CPR training, and their basic
life support (BLS) knowledge scores—were collected through
a web-based survey. The assessment of CPR learning should
encompass the status of both knowledge and skills. After initial
training but before refresher training, we collected data regarding
BLS knowledge, skill tests, and CPR quality at the scene at 12

and 24 months. The BLS knowledge and skill tests received
approval from the Chairman of the Taiwan Society of
Emergency Medicine and have also been published in previous
studies [12,15] (Multimedia Appendices 1 and 2).

Ethical Considerations
This study was approved by the institutional review board of
the Chang Gung Memorial Foundation (approvals:
201600149B0, 201900399B0, 202200559B0, CMRPG1M0081,
and CMRPG1N0081), and this study was performed in
accordance with relevant guidelines and regulatory requirements.
The IGOGO database is anonymized or deidentified, and no
type of compensation is provided to participants. Written
informed consent was obtained from all the participants (Figure
2).
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Figure 2. Flow diagram of participants’ inclusion and allocation. CPR: cardiopulmonary resuscitation.

Sample Size
An appropriate sample size for this study was estimated based
on a pilot study, in which the expected percentage of correct
compression depth was 65.4 (SD 29.5) cm for traditional
training. To achieve a statistical power of 90% by using a
2-tailed t test with a significance level of P<.05, each group
was required to have 225 participants. We planned to enroll at
least 900 participants in total.

Interventions
The Love GOGO program offers 2 teaching models for CPR
training: the traditional instructor-led, classroom-based model
and the blended model. In the traditional model, participants
undergo a 90-minute session, which includes a 60-minute CPR
knowledge education session involving a CPR lecture and
demonstration, an AED use demonstration, an introduction to
relevant laws, and a 30-minute hands-on practice session
focusing on compression-only CPR. The blended program,
which was approved by the Chairman of the Taiwan Society of
Emergency Medicine in 2016, combines an 18-minute e-learning
module with a 30-minute hands-on session for compression-only
CPR. The e-learning module comprises a video that covers
essential knowledge related to CPR and AEDs, including
knowledge related to cardiac arrest scenes, the technique of

compression-only CPR, the benefits of using CPR and AEDs
for OHCA treatment, CPR and AED use steps, and an
introduction to relevant laws. In this study, the participants
assigned to the blended program were granted access to the
e-learning video 3 days before the hands-on session. After
completing the e-learning module, the participants practiced
their skills in a 30-minute instructor-led, hands-on session in a
classroom setting. Both CPR training programs were conducted
by AHA instructors who were also emergency physicians. For
hands-on CPR practice, both groups used sensor-equipped
manikins (Resusci Anne with QCPR, Laerdal Medical AS). The
participant-to-manikin-to-instructor ratio per class was 6:3:1,
involving 4 instructors and 6 examiners. The study team
provided different certification learning stimuli (traditional and
blended learning) at 2 frequencies: every 6 months (at 6, 12,
18, and 24 months) and every 12 months (at 12 and 24 months).
To establish groups with unique frequencies, the research
assistant (YTK) conducted allocation during the initial training
phase. Therefore, the traditional teaching model was applied
for initial training, and certification sessions for retraining
occurring every 6 or 12 months were conducted using either
the blended retraining model (18-minute e-learning module
with self–hands-on practice for compression-only CPR) or the
on-site retraining model (30-minute instructor-led, hands-on
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session). These groups were called Mixed6 (initial traditional
training and 6-month blended refresher training), Traditional6
(initial traditional training and 6-month traditional refresher
training), and Mixed12 (initial traditional training and 12-month
blended refresher training). For the Blended6 group, initial
training was conducted using the blended teaching model, and
for certification stimuli every 6 months, the blended retraining
model was applied (Figure 1).

Outcome Measures
This study systematically assessed the participants’ CPR
knowledge and performance at multiple time points. Initially,
the CPR knowledge and performance of the participants were
assessed immediately after training. Following initial training
but before refresher training, subsequent evaluations of
knowledge and performance were conducted at 12 and 24
months. CPR knowledge was examined through a written test
comprising 15 multiple choice questions, with a maximum total
score of 100. CPR performance was assessed through 2 methods:
examiner-rated assessment and manikin feedback. Individual
examiners meticulously assessed the participants’ ability to
execute the BLS sequence, encompassing tasks from verifying
scene safety to using an AED, with a maximum total score of
40. Objective assessment data regarding CPR quality—including
compression depth, compression rate, and full chest
recoil—were collected from manikin feedback. The assessment
adhered to the 2015 AHA guidelines update for CPR and
emergency cardiovascular care; high-quality CPR was
characterized by the following three criteria: (1) achieving a
compression depth of 5-6 cm, (2) maintaining a compression
rate of 100-120 beats per minute (bpm), and (3) facilitating
complete chest wall recoil of >80%. Notably, because of the
focus on compression-only CPR, ventilation was excluded
because it was therefore beyond the scope of the assessment in
this study. The primary outcome measure was the comparison
of high-quality CPR among the 4 groups. Secondary outcome
measures were differences in the percentage of full chest recoil,
the percentage of compressions delivered with adequate depth
(5-6 cm), the percentage of compressions delivered at an
adequate rate (100-120 bpm), written test scores, and
examiner-rated skill test scores.

Statistical Methods
Descriptive statistics are expressed as mean (SD) for continuous
variables and as counts and percentages for categorical variables.
Linear regression analysis was conducted to determine any
differences in the mean values of baseline characteristics among
the groups, with adjustment for control variables—namely age,
sex, educational level, exercise habits, whether CPR training
was being received for the first time, most recent CPR training,
and pretest BLS knowledge scores, which were based on the
significance test result and which were proposed in previous
research [12,15,20]. After allocation, differences in
characteristics among groups were observed. To mitigate
potential biases introduced by this allocation method, we applied
multiple linear regression analyses and generalized estimating

equation (GEE) to adjust for these variations when evaluating
outcomes (Multimedia Appendices 3 and 4). The chi-square
test was used to assess the differences in proportions among the
groups, and the general linear model, such as analysis of
covariance, was used to test differences among the groups. The
control variables—namely age, sex, educational level, exercise
habits, whether CPR training was being received for the first
time, and pretest BLS knowledge scores—may have influenced
skill retention and test scores. Therefore, the model was adjusted
for these variables.

We conducted the assessments of the participant’s skill levels
and BLS knowledge scores at multiple time points. Accordingly,
we used a GEE to examine changes over time in CPR ability
indicators among the groups. This allows us to comprehend the
changes in CPR skills among trainees under different training
methods, using a GEE model to analyze the change over time
in CPR ability indicators among groups. The GEE analysis was
adjusted for the control variables. To ensure fairness, statistical
analysis was conducted using data obtained at time points
specific to each group. That is, only data from the postinitial
training (baseline), 12-month, and 24-month assessments were
included in the analysis.

CPR performance is displayed by line charts, bar charts, and
radar charts. In particular, we generated radar charts to illustrate
the relative CPR performance in each session. The scores were
converted using percent ranking, and the average score was then
calculated to represent the performance of each skill for each
training method. Statistical analysis was conducted using SPSS
Statistics (version 26.0; IBM Corp) and STATA (MP 16.0; Stata
Corp LLC).

Results

Baseline Characteristics
A total of 1163 participants were recruited for this study, and
they were allocated to 4 training groups. The mean age of the
participants was 41.82 (SD 11.6) years, and 62.3% (n=725) of
participants were female. In this study, 332 (28.5%), 270
(23.2%), 258 (22.2%), and 303 (26.1%) participants were placed
in the Mixed6, Traditional6, Mixed12, and Blended6 groups,
respectively. Table 1 displays the baseline characteristics of
these 4 training groups. As this study was observational rather
than randomized, significant differences were observed among
the 4 training groups in terms of age (P<.001), sex (P=.008),
educational level (P=.006), and CPR training experience
(P<.001; Table 1). Notably, the Traditional6 group had the
highest average age (45.30, SD 11.39 years) and consisted of
68.9% (186/270) female participants. Additionally, this group
had the highest proportion of individuals receiving CPR training
for the first time (92/270, 34.1%). However, no statistically
significant difference was observed in the BLS pretest
knowledge score (P=.11), with an overall mean score of 67.96
(SD 15.08); this finding indicated similar baseline performance
across the groups before BLS training.
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Table 1. Baseline characteristics of the 4 training groups.

P valueBlended6 (n=303)Mixed12 (n=258)Traditional6 (n=270)Mixed6 (n=332)Variables

<.001a40.78 (12.28)40.72 (12.34)45.30 (11.39)40.78 (9.97)Age (years), mean (SD)

.008Sex, n (%)

133 (43.9)104 (40.3)84 (31.1)117 (35.2)Male

170 (56.1)154 (59.7)186 (68.9)215 (64.8)Female

.006Education, n (%)

23 (7.6)6 (2.3)26 (9.6)2 (0.6)Below high school

280 (92.4)252 (97.7)244 (90.4)330 (99.4)High school, college education, and
above

.35120 (41.5)123 (48.6)116 (45.5)142 (42.8)Exercise habits, n (%)

<.00a92 (30.4)34 (13.2)92 (34.1)33 (9.9)First time for CPRb training, n (%)

<.001Last CPR training, n (%)

73 (24.1)138 (53.5)62 (23)122 (36.7)Within 2-3 years

205 (67.7)109 (42.3)196 (72.6)181 (54.5)Over 3 years

25 (8.2)11 (4.2)12 (4.4)29 (8.8)Not clear

.1168.17 (16.12)70.57 (15.97)67.96 (15.08)67.78 (13.15)BLS pretest knowledge scoreb, mean (SD)

aItalic formatting indicates that there is a statistically significant difference in the P value.
bCPR: cardiopulmonary resuscitation.
cBLS: basic life support.

Posttraining Assessment
According to the results of the objective assessment after the
first training session, significant differences were found among
the 4 groups in skill tests (P=.002), average chest compression
depth (P<.001), and average compression rate (P<.001; Table
2) after adjustment for the control variables in the multivariate
analysis (Multimedia Appendix 5). In the multivariate analysis,
higher skill test scores were associated with younger age
(P=.003), higher educational level (P<.001), more previous
CPR training experience (P=.04), and higher BLS pretest scores
(P=.004). Furthermore, the average compression depth was
significantly associated with age (P=.02) and sex (P<.001), and

the average compression rate was significantly associated with
educational level (P=.04) and CPR training experience (P=.02).
Although the mean chest compression depths differed among
the 4 groups, the proportion of participants achieving the correct
chest compression depth did not differ on average (P=.11). For
the overall performance assessment, the proportion of
participants achieving high-quality CPR ranged from 27.4%
(91/332) to 32.3% (98/303). The lowest proportion was observed
in the Mixed6 group, and the highest proportion was found in
the Blended6 group. In the multivariate analysis, high-quality
CPR was negatively correlated with the Mixed12 training
method (adjusted odds ratio 0.65, 95% CI 0.45-0.93; P=.02;
Multimedia Appendix 6).
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Table 2. Postinitial training evaluation (baseline) for the 4 training groups.

P valueaBlended6 (n=303)Mixed12 (n=258)Traditional6 (n=270)Mixed6
(n=332)

Variables

.2384.10 (11.19)86.76 (11.79)84.61 (12.96)86.05 (11.38)BLSb knowledge score, mean (SD)

.002c35.26 (4.05)35.73 (3.76)35.81 (2.78)35.09 (3.26)Skill test, mean (SD)

<.0015.33 (0.57)5.23 (0.43)5.01 (0.73)5.07 (0.74)Average chest compression depth (cm), mean
(SD)

<.001116.65 (10.28)116.07 (11.33)110.56 (14.34)113.88 (13.87)Average chest compression rate (times per
minute), mean (SD)

.1175.88 (33.31)74.75 (32.21)71.24 (30.55)70.79 (32.83)Correct compression depth, mean (SD)

.0161.98 (34.94)68.61 (34.15)66.16 (30.57)61.14 (31.87)Correct compression rate, mean (SD)

.2080.35 (35.65)79.72 (37.57)87.16 (30.32)84.39 (35.29)Correct recoil, mean (SD)

.5298 (32.3)77 (29.8)86 (31.8)91 (27.4)High-quality CPRd,e, n (%)

aThe P value was obtained from the general linear regression model adjusted for age, sex, educational level, exercise habits, whether CPR training was
being received for the first time, and BLS pretest knowledge score.
bBLS: basic life support.
cItalic formatting indicates that there is a statistically significant difference in the P value.
dCPR: cardiopulmonary resuscitation.
eP values obtained from the chi-square test. High-quality CPR was denoted by an average compression depth between 5 and 6 cm, an average compression
rate of 100-120 beats per minute, and 80% chest recoil.

Posttraining Follow-Up and Maintenance
Multimedia Appendix 7 provides the descriptive statistics for
the posttraining follow-up data. The results revealed that the
Mixed12 group exhibited consistent BLS knowledge scores at
baseline (postinitial training), with the highest average scores
observed at 12 and 24 months after training. The Traditional6
group exhibited the highest average scores on the skill test at
all 3 measurement time points. Figure 3 illustrates the estimated

mean scores of BLS knowledge and skill tests for each group,
as assessed over time using GEE models. At 12 months after
initial training, the Traditional6 group had the lowest average
BLS knowledge score (mean 70.10, SE 0.854), which was
significantly different from that of the Mixed12 group (mean
75.14, SE 0.762; Figure 3A presents a nonoverlapping 95% CI).
Subsequently, at 24 months following initial training, the
Mixed12 group exhibited significantly higher scores (mean
79.32, SE 0.741) compared with the other groups.

Figure 3. Estimated mean scores with 95% CI for (A) BLS knowledge and (B) skill tests in different training courses by generalized estimating equation
models. BLS: basic life support.
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Furthermore, at baseline, a notable difference was observed in
the average scores of the skill tests between the Mixed6 and
Traditional6 groups (P=.003; Figure 3B shows a nonoverlapping
95% CI). Moreover, in the follow-up assessment, the
Traditional6 group exhibited significantly higher scores than
the other groups. Table 3 presents the proportion in each group
for the achievement of high-quality CPR. At 12 and 24 months
after initial training, this proportion in the Mixed12 group
exhibited the most substantial decrease compared with those at

12 and 24 months after training. At baseline, no substantial
differences were observed in these proportions among the 4
groups. However, no substantial differences were observed
among these proportions among the Blend6, Mixed6, and
Traditional6 groups at 12 or 24 months after initial training. We
concurrently used multiple linear regression and GEE models
to examine the performance indicators; the corresponding results
are provided in Multimedia Appendices 5, 6, 8, and 9.

Table 3. Proportions of the achievement of high-quality CPRa at 0, 12, and 24 months after training for the different training courses.

Blended6 (n=303),
n (%)

Mixed12 (n=258), n
(%)

Traditional6(n=270),
n (%)

Mixed6 (n=332), n
(%)

Variables

98 (32.3)79 (30.6)86 (31.9)91 (27.4)Posttraining (0 month)

63 (20.8)2 (0.8)61 (22.6)83 (25)Posttraining (12 months)

84 (27.7)7 (2.7)53 (19.6)79 (23.8)Posttraining (24 months)

aCPR: cardiopulmonary resuscitation.

We used an alternative method to rank the 4 training methods
based on objectively evaluated items. The scores were converted
using percent ranking, and the average score was then calculated
to represent the performance of each skill in each training
method. Subsequently, we visualized the results as a radar chart
(Figure 4). Overall, the 4 groups exhibited comparable average
performance in the tests after the first training session. However,
in the follow-up assessment (ie, 12 and 24 months after training),
differences emerged among the groups (Multimedia Appendix

10). The Traditional6 group exhibited outstanding performance
in the skill test and correct recoil rate. The Blended6 group
demonstrated superiority in correct depth rate, whereas no
significant difference was observed between the Blended6 and
Traditional6 groups in terms of correct compression rate or
high-quality CPR achievement. The Mixed12 group exhibited
a lower correct recoil rate, compression rate, depth rate, and
skill test performance compared with the other 3 groups.

Figure 4. Radar charts for posttraining evaluation at baseline and final visit (posttraining 24 months). BLS: basic life support.

Discussion

Principal Findings
This study provides 3 major findings regarding the effectiveness
of traditional and blended training methods for CPR education.

First, no significant difference was observed in knowledge
acquisition after initial training, and all the training groups
exhibited proficient CPR skills that met the requirements for
high-quality CPR. However, a higher proportion of participants
receiving blended training initially achieved high-quality CPR;
this finding served as the basis for our comparative analysis.
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The second major finding highlights the importance of timely
retraining. When retraining was conducted 12 months after
initial training, significant decreases were observed in the
proficiency of CPR skills and the proportion of participants
achieving high-quality CPR. Our third major finding suggests
that more frequent retraining could maintain CPR skills more
effectively. The participants who underwent retraining every 6
months exhibited slight decreases in their proficiency in CPR
skills and their achievement of high-quality CPR. Additionally,
we explored the potential of web-based self-directed learning
as an alternative, and this learning method demonstrated
effectiveness for skill retention regardless of the initial training
method (traditional or blended), with no significant difference
observed between the 2 methods.

Research has demonstrated that blended learning and traditional
CPR methods [19,21,22] are practical and reasonably effective
alternatives to traditional CPR training; however, large-scale
comparisons of these methods or the integration of these
instructional methods into CPR education have not been
conducted. To the best of our knowledge, this study was the
first study to demonstrate that blended learning and retraining
stimuli are not inferior to traditional methods when it comes to
CPR performance. Chien et al [15] found that blended learning
for CPR training does not have inferior learning outcomes
relative to traditional methods but that CPR skills at 6 months
did not meet the AHA’s CPR guidelines. This finding was
consistent with our findings. Although traditional instruction
may lead to slightly more favorable performance initially,
providing self-directed blended learning stimuli every 6 months
is effective for maintaining CPR skills. We found that among
learners who received CPR training every 12 months, the
performance of high-quality CPR decreased by 35% more than
that of those retrained every 6 months. Therefore, consistent
with previous research recommendations, stimulating learning
every 6 months appears to be favorable to doing so every 12
months. This observation aligns with the AHA’s 2020
guidelines, which suggest that for the general public, the use of
convenient learning methods alongside retraining is a viable
alternative to traditional face-to-face CPR training.

The blended learning method used in this study offers
considerable economic benefits and is time saving for both
learners and instructors. By incorporating 18 minutes of
web-based learning and self-training into a course, the
face-to-face instruction and relearning time were collectively
shortened by approximately 72 minutes initially and by 12
minutes in subsequent training. These decreases reduced the
expenditure, human resources, and time requirements for
learners and instructors in CPR training courses [21]. One study
investigated the cost-effectiveness of blended learning for CPR
training; the results revealed that blended learning decreased
training costs while achieving similar maintenance of CPR skills
relative to the traditional method [23]. However, some
researchers have indicated that despite the costs and time
reductions offered by blended learning, such learning does not
ensure that participants will acquire further professional
knowledge and proficiency in a demanding training environment
[22]. The maintenance of CPR skills contributes to the
willingness of the public to perform CPR. When EMSs are

activated, guiding individuals to identify cardiac arrest and to
implement CPR with dispatcher assistance is challenging as is
ensuring that members of the public are able to perform
high-quality CPR [24]. Accordingly, blended teaching and
retraining models, which appear to be as effective as traditional
learning models, can address the challenge of instructing
individuals during emergency calls. The characteristics of
blended teaching models, including time saving and
environmental efficiency, can be beneficial for promoting CPR
education among the public and for addressing challenges in
maintaining CPR skills among the public.

In this study, 95.1%% (1106/1163) of the participants were high
school graduates who were approximately 40 years old and who
exhibited higher learning and web-based operating abilities.
This demographic advantage likely contributed to the success
of blended learning in this study. Moreover, this study used a
participant-to-manikin ratio of 2-3:1, leading to higher costs
compared with the traditional method (1 manikin to 6 students).
The increased investment in training infrastructure may affect
the overall cost-effectiveness of blended learning in various
settings. The study did not record the frequency of learners’
usage of blended relearning stimuli; the effectiveness of
self-paced web-based learning may be related to the time spent
engaging with the material. Nevertheless, the primary objective
of blended web-based learning is to enable individuals to learn
at their convenience. In contrast to traditional face-to-face
classroom learning, in blended learning, participants have the
flexibility to arrange their web-based and in-class training
according to their convenience and location. Accordingly, this
learner-centric approach can lead to an environment that is more
conducive to the maintenance of CPR skills.

In this study, favorable exercise habits and previous CPR
learning experiences enhanced the effectiveness of CPR training.
Even if learning had occurred more than 2 years previously,
blended CPR training could effectively maintain CPR skills.
Ettl et al [20] found that incorporating CPR learning into fitness
exercise training increased learners’ motivation and confidence
in performing CPR. Therefore, establishing exercise habits helps
maintain CPR skills and for fostering rescue skills.

Finally, although blended learning with a retraining frequency
of 6 months demonstrated significant economic benefits and
time-saving ability in this study, its cost-effectiveness depended
on factors such as participant demographics, the training
environment, and the level of engagement with web-based
learning opportunities. Accordingly, consideration of these
factors could maximize the potential of blended learning in
various CPR training scenarios.

Limitations
This study had some limitations. First, in observational studies,
the random allocation of samples is infeasible and could result
in disparities between groups. Consequently, we used a
multivariate regression model to mitigate the impact of
variables; thus, we impartially assessed the differences between
the groups. Moreover, this study involved tracking the training
status of each group to understand the importance of the interval
between retraining sessions and whether the given training
method was appropriate. Second, we collected demographic
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data from a subset of learners, but our comprehension of these
learners’economic backgrounds and technology use was limited;
consequently, whether blended learning is effective among
individuals with relatively low socioeconomic status should be
further explored. Third, our research cohort lacked the
representation of older adults. As a result, uncertainties persist
regarding the applicability of blended training for this
demographic; accordingly, future studies are recommended to
address this crucial gap. Finally, the absence of an analysis of
the participants’willingness to perform CPR leaves a significant

gap in our understanding. Accordingly, individuals’willingness
to administer CPR after blended retraining should be
investigated in future research.

Conclusions
Blended learning for CPR with a retraining frequency of 6
months provides higher retention of high-quality CPR skills
than does retraining every 12 months. Notably, the blended
method demonstrated effects similar to those of traditional
relearning methods.

Acknowledgments
This manuscript was edited by Wallace Academic Editing. We are also thankful for the support of Chang Gung Memorial Hospital,
Taiwan (CMRPG1M0081 and CMRPG1N0081).

Data Availability
The data sets generated or analyzed during this study are available from the corresponding author upon reasonable request.

Conflicts of Interest
None declared.

Multimedia Appendix 1
The written test of cardiopulmonary resuscitation knowledge.
[PDF File (Adobe PDF File), 291 KB-Multimedia Appendix 1]

Multimedia Appendix 2
The skill test of cardiopulmonary resuscitation practice checklist.
[PDF File (Adobe PDF File), 169 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Generalized estimating equation models for the performance indicators.
[DOCX File , 26 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Generalized estimating equation models for the performance indicators.
[DOCX File , 27 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Multiple linear regression model for the performance indicators at baseline: basic life support knowledge, skill test, average
compression depth, and rate.
[DOCX File , 27 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Multiple analysis for the performance indicators at baseline: the proportion of correct compression depth, speed rate, and recoil.
[DOCX File , 27 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Summary statistics for outcome assessment at baseline, post-12M, post- 24M in different training courses.
[DOCX File , 26 KB-Multimedia Appendix 7]

JMIR Med Educ 2024 | vol. 10 | e52230 | p. 10https://mededu.jmir.org/2024/1/e52230
(page number not for citation purposes)

Chien et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app1.pdf&filename=9d3049481e285999120d70a0456f28ff.pdf
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app1.pdf&filename=9d3049481e285999120d70a0456f28ff.pdf
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app2.pdf&filename=2b873155d5a9a5bfa368db7a83ab9a3d.pdf
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app2.pdf&filename=2b873155d5a9a5bfa368db7a83ab9a3d.pdf
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app3.docx&filename=00bcc2f192fd9227cc29744da3525af7.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app3.docx&filename=00bcc2f192fd9227cc29744da3525af7.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app4.docx&filename=464eebed78a428ee1c853dfd354a30fa.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app4.docx&filename=464eebed78a428ee1c853dfd354a30fa.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app5.docx&filename=426a9712d679702a611b1567afccaf5d.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app5.docx&filename=426a9712d679702a611b1567afccaf5d.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app6.docx&filename=8f04d8c8c2f491f92b3bb5637e130851.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app6.docx&filename=8f04d8c8c2f491f92b3bb5637e130851.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app7.docx&filename=3148c2988c73389f009d249c2c33c834.docx
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app7.docx&filename=3148c2988c73389f009d249c2c33c834.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 8
Estimated mean with 95% CI for compression depth and rate in different training courses by generalized estimating equation
models.
[PDF File (Adobe PDF File), 25 KB-Multimedia Appendix 8]

Multimedia Appendix 9
Estimated mean with 95% CI for correct compression depth, rate, and recoil in different training courses by generalized estimating
equation models.
[PDF File (Adobe PDF File), 52 KB-Multimedia Appendix 9]

Multimedia Appendix 10
The radar chart for posttraining evaluation after 12 months.
[PDF File (Adobe PDF File), 78 KB-Multimedia Appendix 10]

References

1. Yan S, Gan Y, Jiang N, Wang R, Chen Y, Luo Z, et al. The global survival rate among adult out-of-hospital cardiac arrest
patients who received cardiopulmonary resuscitation: a systematic review and meta-analysis. Crit Care. 2020;24(1):61.
[FREE Full text] [doi: 10.1186/s13054-020-2773-2] [Medline: 32087741]

2. Phattharapornjaroen P, Nimnuan W, Sanguanwit P, Atiksawedparit P, Phontabtim M, Mankong Y. Characteristics and
outcomes of out-of-hospital cardiac arrest patients before and during the COVID-19 pandemic in Thailand. Int J Emerg
Med. 2022;15(1):46. [FREE Full text] [doi: 10.1186/s12245-022-00444-2] [Medline: 36085002]

3. Chien CY, Tsai SL, Tsai LH, Chen CB, Seak CJ, Weng YM, et al. Impact of transport time and cardiac arrest centers on
the neurological outcome after out-of-hospital cardiac arrest: a retrospective cohort study. J Am Heart Assoc.
2020;9(11):e015544. [FREE Full text] [doi: 10.1161/JAHA.119.015544] [Medline: 32458720]

4. Bunch TJ, White RD, Gersh BJ, Meverden RA, Hodge DO, Ballman KV, et al. Long-term outcomes of out-of-hospital
cardiac arrest after successful early defibrillation. N Engl J Med. 2003;348(26):2626-2633. [FREE Full text] [doi:
10.1056/NEJMoa023053] [Medline: 12826637]

5. Becker L, Gold LS, Eisenberg M, White L, Hearne T, Rea T. Ventricular fibrillation in King County, Washington: a 30-year
perspective. Resuscitation. 2008;79(1):22-27. [doi: 10.1016/j.resuscitation.2008.06.019] [Medline: 18687513]

6. Bækgaard JS, Viereck S, Møller TP, Ersbøll AK, Lippert F, Folke F. The effects of public access defibrillation on survival
after out-of-hospital cardiac arrest: a systematic review of observational studies. Circulation. 2017;136(10):954-965. [FREE
Full text] [doi: 10.1161/circulationaha.117.029067]

7. Myat A, Song KJ, Rea T. Out-of-hospital cardiac arrest: current concepts. Lancet. 2018;391(10124):970-979. [doi:
10.1016/S0140-6736(18)30472-0] [Medline: 29536861]

8. Nolan J, European Resuscitation Council. European resuscitation council guidelines for resuscitation 2005. section 1.
introduction. Resuscitation. 2005;67(Suppl 1):S3-S6. [doi: 10.1016/j.resuscitation.2005.10.002] [Medline: 16321715]

9. Huang CH, Fan HJ, Chien CY, Seak CJ, Kuo CW, Ng CJ, et al. Validation of a dispatch protocol with continuous quality
control for cardiac arrest: a before-and-after study at a city fire department-based dispatch center. J Emerg Med.
2017;53(5):697-707. [doi: 10.1016/j.jemermed.2017.06.028] [Medline: 28943036]

10. Wissenberg M, Lippert FK, Folke F, Weeke P, Hansen CM, Christensen EF, et al. Association of national initiatives to
improve cardiac arrest management with rates of bystander intervention and patient survival after out-of-hospital cardiac
arrest. JAMA. 2013;310(13):1377-1384. [FREE Full text] [doi: 10.1001/jama.2013.278483] [Medline: 24084923]

11. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al. Heart disease and stroke statistics-2023
update: a report from the American Heart Association. Circulation. 2023;147(8):e93-e621. [FREE Full text] [doi:
10.1161/CIR.0000000000001123] [Medline: 36695182]

12. Cheng-Yu C, Yi-Ming W, Shou-Chien H, Chan-Wei K, Chung-Hsien C. Effect of population-based training programs on
bystander willingness to perform cardiopulmonary resuscitation. Signa Vitae. 2016;12(1):63-69. [FREE Full text] [doi:
10.22514/sv121.102016.11]

13. Chien CY, Chien WC, Tsai LH, Tsai SL, Chen CB, Seak CJ, et al. Impact of the caller's emotional state and cooperation
on out-of-hospital cardiac arrest recognition and dispatcher-assisted cardiopulmonary resuscitation. Emerg Med J.
2019;36(10):595-600. [doi: 10.1136/emermed-2018-208353] [Medline: 31439715]

14. Agerskov M, Nielsen AM, Hansen CM, Hansen MB, Lippert FK, Wissenberg M, et al. Public access defibrillation: great
benefit and potential but infrequently used. Resuscitation. 2015;96:53-58. [FREE Full text] [doi:
10.1016/j.resuscitation.2015.07.021] [Medline: 26234893]

15. Chien CY, Fang SY, Tsai LH, Tsai SL, Chen CB, Seak CJ, et al. Traditional versus blended CPR training program: a
randomized controlled non-inferiority study. Sci Rep. 2020;10(1):10032. [FREE Full text] [doi: 10.1038/s41598-020-67193-1]
[Medline: 32572100]

JMIR Med Educ 2024 | vol. 10 | e52230 | p. 11https://mededu.jmir.org/2024/1/e52230
(page number not for citation purposes)

Chien et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app8.pdf&filename=aff8c9e7ee2b19d9a426002377475c1b.pdf
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app8.pdf&filename=aff8c9e7ee2b19d9a426002377475c1b.pdf
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app9.pdf&filename=05a1037663bfec77e8c3d7222be5cfc9.pdf
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app9.pdf&filename=05a1037663bfec77e8c3d7222be5cfc9.pdf
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app10.pdf&filename=627e663b29cd6483c8c35274cbcd17f0.pdf
https://jmir.org/api/download?alt_name=mededu_v10i1e52230_app10.pdf&filename=627e663b29cd6483c8c35274cbcd17f0.pdf
https://ccforum.biomedcentral.com/articles/10.1186/s13054-020-2773-2
http://dx.doi.org/10.1186/s13054-020-2773-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32087741&dopt=Abstract
https://intjem.biomedcentral.com/articles/10.1186/s12245-022-00444-2
http://dx.doi.org/10.1186/s12245-022-00444-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36085002&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/JAHA.119.015544?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/JAHA.119.015544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32458720&dopt=Abstract
https://www.nejm.org/doi/full/10.1056/NEJMoa023053
http://dx.doi.org/10.1056/NEJMoa023053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12826637&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2008.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18687513&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.117.029067
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.117.029067
http://dx.doi.org/10.1161/circulationaha.117.029067
http://dx.doi.org/10.1016/S0140-6736(18)30472-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29536861&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2005.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16321715&dopt=Abstract
http://dx.doi.org/10.1016/j.jemermed.2017.06.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28943036&dopt=Abstract
https://jamanetwork.com/journals/jama/fullarticle/1745678
http://dx.doi.org/10.1001/jama.2013.278483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24084923&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/CIR.0000000000001123
http://dx.doi.org/10.1161/CIR.0000000000001123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36695182&dopt=Abstract
https://www.signavitae.com/articles/10.22514/SV121.102016.11
http://dx.doi.org/10.22514/sv121.102016.11
http://dx.doi.org/10.1136/emermed-2018-208353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31439715&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0300-9572(15)00333-0
http://dx.doi.org/10.1016/j.resuscitation.2015.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26234893&dopt=Abstract
https://www.nature.com/articles/s41598-020-67193-1
http://dx.doi.org/10.1038/s41598-020-67193-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32572100&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Cheng A, Magid DJ, Auerbach M, Bhanji F, Bigham BL, Blewer AL, et al. Part 6: resuscitation education science: 2020
American Heart Association guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation.
2020;142(16_suppl_2):S551-S579. [FREE Full text] [doi: 10.1161/CIR.0000000000000903] [Medline: 33081527]

17. Nolan JP, Monsieurs KG, Bossaert L, Böttiger BW, Greif R, Lott C, et al. European Resuscitation Council COVID-19
guidelines executive summary. Resuscitation. 2020;153:45-55. [FREE Full text] [doi: 10.1016/j.resuscitation.2020.06.001]
[Medline: 32525022]

18. Han S, Park HJ, Nah S, Lee EH, Lee HJ, Park JO, et al. Instructor-led distance learning for training students in
cardiopulmonary resuscitation: a randomized controlled study. PLoS One. 2021;16(5):e0251277. [FREE Full text] [doi:
10.1371/journal.pone.0251277] [Medline: 33956873]

19. Ali DM, Hisam B, Shaukat N, Baig N, Ong MEH, Epstein JL, et al. Cardiopulmonary Resuscitation (CPR) training strategies
in the times of COVID-19: a systematic literature review comparing different training methodologies. Scand J Trauma
Resusc Emerg Med. 2021;29(1):53. [FREE Full text] [doi: 10.1186/s13049-021-00869-3] [Medline: 33781299]

20. Ettl F, Schöll A, Zupa B, Schantl C, Gramberger J, Krammel M, et al. The CPR-workout: a new training concept.
Resuscitation. 2016;106(Supplement 1):e54-e55. [doi: 10.1016/j.resuscitation.2016.07.131]

21. Elgohary M, Palazzo FS, Breckwoldt J, Cheng A, Pellegrino J, Schnaubelt S, et al. Blended learning for accredited life
support courses—a systematic review. Resusc Plus. 2022;10:100240. [FREE Full text] [doi: 10.1016/j.resplu.2022.100240]
[Medline: 35592876]

22. Hsieh MJ, Bhanji F, Chiang WC, Yang CW, Chien KL, Ma MHM. Comparing the effect of self-instruction with that of
traditional instruction in basic life support courses-a systematic review. Resuscitation. 2016;108:8-19. [doi:
10.1016/j.resuscitation.2016.08.021] [Medline: 27581252]

23. Chong KM, Yang HW, He HC, Lien WC, Yang MF, Chi CY, et al. The effectiveness of online-only blended cardiopulmonary
resuscitation training: static-group comparison study. J Med Internet Res. 2023;25:e42325. [FREE Full text] [doi:
10.2196/42325] [Medline: 37018023]

24. Huang CH, Chien CY, Ng CJ, Fang SY, Wang MF, Lin CC, et al. Effects of dispatcher-assisted public-access defibrillation
programs on the outcomes of out-of-hospital cardiac arrest: a before-and-after study. J Am Heart Assoc. 2024;13(3):e031662.
[FREE Full text] [doi: 10.1161/JAHA.123.031662] [Medline: 38240326]

Abbreviations
AED: automated external defibrillator
AHA: American Heart Association
BLS: basic life support
bpm: beats per minute
CPR: cardiopulmonary resuscitation
EMS: emergency medical service
GEE: generalized estimating equation
OHCA: out-of-hospital cardiac arrest

Edited by T de Azevedo Cardoso, AH Sapci, MD; submitted 29.08.23; peer-reviewed by A Missel, T Tangoaisarn; comments to author
28.09.23; revised version received 08.10.23; accepted 31.03.24; published 29.04.24

Please cite as:
Chien CY, Tsai SL, Huang CH, Wang MF, Lin CC, Chen CB, Tsai LH, Tseng HJ, Huang YB, Ng CJ
Effectiveness of Blended Versus Traditional Refresher Training for Cardiopulmonary Resuscitation: Prospective Observational Study
JMIR Med Educ 2024;10:e52230
URL: https://mededu.jmir.org/2024/1/e52230
doi: 10.2196/52230
PMID:

©Cheng-Yu Chien, Shang-Li Tsai, Chien-Hsiung Huang, Ming-Fang Wang, Chi-Chun Lin, Chen-Bin Chen, Li-Heng Tsai,
Hsiao-Jung Tseng, Yan-Bo Huang, Chip-Jin Ng. Originally published in JMIR Medical Education (https://mededu.jmir.org),
29.04.2024. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Medical Education, is properly cited. The complete bibliographic information,
a link to the original publication on https://mededu.jmir.org/, as well as this copyright and license information must be included.

JMIR Med Educ 2024 | vol. 10 | e52230 | p. 12https://mededu.jmir.org/2024/1/e52230
(page number not for citation purposes)

Chien et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://www.ahajournals.org/doi/abs/10.1161/CIR.0000000000000903?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/CIR.0000000000000903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33081527&dopt=Abstract
https://europepmc.org/abstract/MED/32525022
http://dx.doi.org/10.1016/j.resuscitation.2020.06.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32525022&dopt=Abstract
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251277
http://dx.doi.org/10.1371/journal.pone.0251277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33956873&dopt=Abstract
https://sjtrem.biomedcentral.com/articles/10.1186/s13049-021-00869-3
http://dx.doi.org/10.1186/s13049-021-00869-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33781299&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2016.07.131
https://boris.unibe.ch/id/eprint/170154
http://dx.doi.org/10.1016/j.resplu.2022.100240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35592876&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2016.08.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27581252&dopt=Abstract
https://www.jmir.org/2023//e42325/
http://dx.doi.org/10.2196/42325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37018023&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/JAHA.123.031662?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/JAHA.123.031662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38240326&dopt=Abstract
https://mededu.jmir.org/2024/1/e52230
http://dx.doi.org/10.2196/52230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

