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Introduction
Electrocardiograph (ECG) is a crucial diagnostic tool for 
cardiovascular diseases, particularly for the rapid diag-
nosis of malignant arrhythmia and acute coronary syn-
drome [1]. In departments such as cardiology (including 
the cardiac care unit and cardiac catheterization room), 
ECG is vital for high-risk patients when making medi-
cal decisions. With advancements in science and tech-
nology, modern ECG machines are now equipped with 
ECG analysis software, and artificial intelligence’s deep 
learning is increasingly integrated into precise disease 
diagnosis [2, 3]. These technological advancements are 
enhancing the machine’s ability to recognize and inter-
pret ECGs. Nurses, often the primary performers of ECG 
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Abstract
Background/Aim Interpreting an electrocardiogram (ECG) is a vital skill for nurses in cardiology. This study aimed 
to evaluate the efficacy of the bridge-in, objective, preassessment, participatory learning, post-assessment, and 
summary (BOPPPS) model, when combined with case-based learning (CBL), in enhancing nursing students’ ECG 
interpretation capabilities.

Materials & methods Nursing students were randomly divided into two groups: one utilizing the BOPPPS model 
combined with CBL (BOPPPS-CBL), and the other employing a traditional lecture-based learning (LBL) model. All 
participants underwent training and completed pre- and post-course quizzes.

Results The BOPPPS-CBL model significantly improved nursing students’ abilities in ECG interpretation compared 
to the traditional LBL model group. The BOPPPS-CBL model proved to be a comprehensive and effective method for 
enhancing students’ attitudes towards teaching and learning.

Discussion Our study demonstrated for the first time that the BOPPPS-CBL model is an innovative and effective 
method for promoting nurses’ accuracy in ECG interpretation. It highlights the potential of this approach as a superior 
alternative to traditional learning methods.
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and the first to discover abnormalities, must possess cor-
rect ECG diagnosis skills, especially those working in car-
diology, cardiac care units (CCU), ICUs, and emergency 
medicine departments [4]. Their ability to identify high-
risk ECG changes in critically ill patients is crucial to the 
quality of medical care. Conducting effective training to 
enable nurses to make rapid and accurate interpretations 
of ECGs can reduce the underdiagnosis and misdiagnosis 
of severe cardiovascular diseases, thus initiating timely 
treatment [4].

Teaching ECG interpretation is challenging due to the 
abstract nature of the knowledge and theory students 
must master for its high-level application [5]. Although 
traditional lecture-based learning (LBL) is the most com-
mon method in nursing education and offers the advan-
tage of disseminating core theoretical knowledge to large 
groups of students [6, 7], recent research has shown it to 
be ineffective in enhancing students’ reasoning abilities, 
especially for practical subjects like ECG interpretation 
[7]. The teacher-oriented nature of the LBL method fails 
to effectively translate knowledge into student under-
standing. Furthermore, the lack of diagnostic train-
ing opportunities during traditional ECG teaching may 
dampen students’ interest and enthusiasm, hindering sig-
nificant improvements in their high-risk ECG interpreta-
tion skills. Thus, the LBL method might not be conducive 
to fostering the clinical reasoning and practice abilities of 
nurses in cardiology, calling for innovations in teaching 
strategy to better suit their needs.

The current nursing education landscape relies heavily 
on the traditional LBL method, with teachers dominat-
ing the teaching process. Although recent studies have 
highlighted various teaching mode reforms in medical 
and nurse education, student-oriented changes specific 
to ECG teaching have rarely been reported. An urgent 
need exists for innovative teaching strategies to enhance 
nurses’ ECG interpretation skills, especially for those at 
high risk of cardiovascular events.

The BOPPPS model, a pedagogical framework intro-
duced in 1984 at the University of British Columbia, is 
designed to foster student engagement through its six-
stage instructional process: bridge-in, objective, pre-
assessment, participatory learning, post-assessment, 
and summary [8]. This student-centered approach sig-
nificantly enhances classroom instruction efficacy, boast-
ing advantages over traditional methods in areas such 
as course satisfaction, student-teacher interaction, and 
clinical analytical ability elevation of the students [8]. 
The success of BOPPPS model across various disciplines, 
coupled with its potential to ignite students’ learning 
enthusiasm, renders the BOPPPS model an exciting tool 
for future implementation.

Recent evidence suggests that the BOPPPS model, 
particularly when adapted into hybrid teaching models 

that combine other learning strategies, has positively 
impacted both teaching efficacy and academic achieve-
ment [9–11]. As the BOPPPS model continues to evolve 
to meet the dynamic demands of education, its broad 
application and proven effectiveness make it a promising 
candidate for wider educational adoption.

Case-based learning (CBL), another specialized 
learner-centered approach, engages students through 
real-world scenarios, promoting higher levels of cogni-
tion [12, 13]. Through group collaboration and problem-
solving, CBL enhances understanding of key concepts 
and integrates theoretical knowledge with practical appli-
cation [13–15]. This method not only deepens students’ 
learning but also increases satisfaction [16, 17].

ECG teaching is uniquely challenging for medical stu-
dents, with no single method universally recognized as 
most effective [18]. Recognizing this challenge, a pre-
liminary investigation was conducted to evaluate the 
BOPPPS-CBL model for ECG teaching among nursing 
students. This fusion of pedagogical techniques aims 
to enhance ECG interpretation and diagnostic skills, 
addressing an area of vital importance in the training and 
development of medical professionals.

Methods
Study design
This was a randomized controlled trial study conducted 
in a teaching and research hospital during the academic 
years 2020–2022, involving two groups, three ECG 
tests, and a quantitative questionnaire survey. A total 
of 109 nursing students participating in this study have 
graduated with either a Bachelor’s Degree from a medi-
cal university or an Associate Degree from a vocational 
high school, hailing from the cardiology departments of 
various non-teaching hospitals. This study was held when 
these nursing students were undergoing a year-long car-
diology training program designed to equip them to work 
proficiently and compassionately as nurses in specialized 
settings such as cardiac catheterization labs or cardiac 
care units. These nursing students were then randomly 
divided into two groups using a digital randomization 
method: fifty-five were trained using the BOPPPS-CBL 
model as an experimental group, while fifty-four were 
trained using the traditional LBL method as a control 
group. The study received approval from the ethics com-
mittee, and informed consent was obtained from each 
participant. Furthermore, the study was conducted in 
accordance with the Declaration of Helsinki (2013).

Teaching implementation
The BOPPPS‑CBL model for ECG course
The BOPPPS instructional design is made up of six sec-
tions (Fig.  1). The specific steps of the BOPPPS-CBL 
model for ECG teaching are detailed below. To illustrate 
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the application of these teaching approaches, we have 
chosen wide QRS complex tachycardia as an example in 
this study.

Before class
Bridge-in (B) The teacher introduces the theme and 
characteristics of the ECG course online, with a focus 
on explaining the importance of the course and spark-
ing students’ interest. For example, to attract students’ 
attention, we highlighted the cases of two celebrities who 

Fig. 1 Flowchart of the study design. Exp group: experimental group with the combined BOPPPS and CBL method. Con: control group with the tradi-
tional LBL method
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experienced sudden cardiac death. We then provided two 
anonymized ECGs of patients with wide QRS complex 
tachycardia, collected from clinical practice, ensuring 
that the examples were consistent with the syllabus.

Objectives (O) The teaching objectives must be clearly 
defined, ensuring that they are both achievable for stu-
dents and evaluable for teachers. These three-level teach-
ing objectives encompass cognitive, skill, and emotional 
goals. Specifically, students should master the ECG 
characteristics of common arrhythmias, make accurate 
ECG diagnoses (especially identifying high-risk ECGs), 
and work on developing their self-confidence and pro-
fessional qualities. In the context of wide QRS complex 
tachycardia, the goals extend to students being able to 
make the correct ECG diagnosis and perform a differen-
tial diagnosis.

Pre-assessment (P) The pre-assessment was conducted 
online one day before class and primarily consisted of 
heuristic questions. This assessment serves to reveal 
the students’ levels of cognition and ECG interpretation 
abilities, thereby enabling teachers to flexibly adjust the 
depth and progress of the teaching content during class. 
Specific questions about wide QRS complex tachycardia 
for the students included:

(1) What are the ECG characteristics of wide QRS 
complex tachycardia?

(2) Can you identify high-risk ECGs of wide QRS 
complex tachycardia?

In class
Participatory learning (P) This section represents the 
core of the BOPPPS-CBL model, with students taking the 
lead. The details are as follows:

(1) Two real-world cases of wide QRS complex 
tachycardia were selected for students, and 
related questions were designed in line with the 
requirements of clinical application.

(2) A student leader was assigned to organize a 
discussion, proposing questions and encouraging 
each student to express their opinion. Students could 
then seek answers to these questions from textbooks 
or other references.

(3) Students described the ECG characteristics of 
wide QRS complex tachycardia, the main basis for 
diagnosis, and outlined a brief treatment strategy.

(4) The teacher addressed questions and clarified any 
doubts that arose during the discussion, emphasizing 
the distinguishing features between similar cases.

Post-assessment (P) At the end of the class, the students 
completed a post-assessment consisting of five questions. 

These questions encompassed both basic theoretical 
knowledge and clinical case analysis. Timely assessment 
not only assists teachers in tracking the effectiveness of 
their teaching and optimizing their lesson plans, but it 
also helps students evaluate their mastery of the subject 
matter.

Summary (S) Students were encouraged to create a 
brief summary of the teaching contents. Following that, 
the teacher further distilled the essence of the teaching 
topics, highlighting the key points and identifying the dif-
ficulties within the teaching cases.

LBL method for ECG course
The teacher distributed reference materials prior to class, 
including the recommended textbook. During the course, 
the teacher delivered a lecture to explain various arrhyth-
mia (including ECG characteristics and treatment) fol-
lowed by asking and answering questions (Fig. 1).

Evaluation
The basic data of the nursing students, including age, 
gender, hospital level, education level, and experience 
in ECG interpretation after graduation, were collected 
one week before ECG training began. To assess the stu-
dents’ understanding and application of knowledge, both 
groups underwent the same examinations, which con-
sisted of one pre-quiz and two post-quizzes. These quiz-
zes were administered one week before training, then 
one week and six months after training, respectively. All 
questions in the quizzes were divided into two catego-
ries: basic theoretical knowledge (40 points) and ECG 
interpretation (60 points). The theoretical knowledge 
section included 20 multiple-choice questions related 
to arrhythmia, each worth 2 points. The ECG interpre-
tation section, on the other hand, consisted of 20 ECGs 
of arrhythmia, with 3 points awarded for each correct 
answer.

The questions in the three quizzes were evaluated by 
two different teachers to ensure consistency in difficulty 
levels. The total score for each quiz was 100 points, and 
the test time was 60  min. Afterward, the total score, as 
well as the scores for the basic theoretical knowledge and 
ECG interpretation sections, were calculated for each 
student.

To assess the students’ evaluation of learning attitudes 
and effects, a questionnaire survey was adopted at the 
end of the course, including self-learning enthusiasm, an 
increase of study load, systematization of teaching con-
tent, understanding of teaching content, student-teacher 
interaction, satisfaction of teaching mode, satisfaction 
of teaching effectiveness, self-confidence and interest in 
learning about ECGs. The 5-level Likert scoring method 
was adopted for each question, with 5 points for very 
satisfied/strongly agreed, 4 points for satisfied/agreed, 3 
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points for neutral, 2 points for dissatisfied/disagreed and 
1 point for very dissatisfied/strongly disagreed.

Statistical analysis
The normality of continuous data was assessed using the 
Shapiro-Wilk test. Depending on the data distribution, 
the results were presented as mean ± standard devia-
tions (SDs) or median values, along with the interquartile 
range (IQR). Ages were compared using the Mann-Whit-
ney U test, while categorical variables were analyzed with 
the chi-square test. ECG test scores of the two groups at 
different time points were evaluated through a general 
linear model for repeated measurements. For the 5-level 
Likert scores used in the students’ evaluation of learn-
ing attitudes and effects, the Mann-Whitney U test was 
also applied. All statistical analyses were conducted using 
SPSS 21.0 (SPSS Inc., Chicago, USA), with all tests being 
two-tailed, and significance set at P < 0.05.

Results
Demographic information of participants
A total of 109 nursing students were enrolled in this 
study and were randomly divided into two groups. The 
experimental group consisted of 55 nursing students and 
utilized a combined BOPPPS and CBL method, while 
the control group consisted of 54 nursing students and 
used the LBL method. Upon comparison of factors such 
as age, gender, hospital level, education level, and experi-
ence in ECG interpretation after graduation, no signifi-
cant differences were found between these two groups 
(P > 0.05; Table 1).

Comparison of ECG test scores
We began by comparing the pre-and post-training 
quiz scores of the two groups (Fig. 2). One week before 
ECG training, the students were assessed with a pre-
quiz. In the experimental group, the mean total score 
was 55.73 ± 4.35, and the theoretical knowledge and 
application scores were 23.38 ± 3.19 and 32.35 ± 5.25, 
respectively. For the control group, these scores were 
57.06 ± 4.59, 23.56 ± 4.12 and 33.50 ± 6.56, respectively. 
There were no significant differences between the experi-
mental and control groups (P > 0.05), indicating that the 
baseline between these two groups was comparable.

Following training, there were marked increases in 
the experimental group’s mean total score, theoretical 
knowledge, and application scores: from 55.73 to 76.45, 
23.38 to 30.69, and 32.35 to 45.76, respectively (P < 0.01). 
Likewise, in the traditional group, these values increased 
from 57.06 to 72.67, 23.56 to 32.00, and 33.50 to 40.67, 
respectively (P < 0.01). Further analysis revealed that the 
experimental group’s mean total and application scores 
were significantly higher than those of the control group 
after training (76.45 ± 5.13 vs. 72.67 ± 5.78, 45.76 ± 5.92 vs. 
40.67 ± 6.61, P < 0.01). However, no statistically significant 
difference was found in the theoretical knowledge scores 
between the two groups after training (30.69 ± 3.08 vs. 
32.00 ± 4.00, P > 0.05).

Table 1 Baseline characteristics of students
Characteristic Experi-

mental 
Group
(n = 55)

Control 
Group
(n = 54)

χ2/t P

Age (Yrs.) 24(22–26) 24(22–26) 0.132 0.895a

Gender 0.191 1.000b

Male 3 2

Female 52 52

Hospital level 0.261 0.696b

Class III hospital 23 20

Class II hospital 32 34

Education level 0.084 0.812b

University 45 43

vocational high school 10 11

Experience in
ECG interpretation

0.373 0.658b

0 ~ 2 years 40 42

> 2 years 15 12
Experimental Group: experimental group with the combined BOPPPS and CBL 
method. Control Group: control group with the traditional LBL method. a The 
two groups were compared using the Mann-Whitney U test. b The two groups 
were compared using the chi-square test

Fig. 2 ECG test scores of Exp (n = 55) and Con (n = 54) groups at different time points. Exp: experimental group with the combined BOPPPS and CBL 
method. Con: control group with the traditional LBL method. Different time points: Pre-quiz: 1-week pre training; post-quiz 1: 1 week after training; post-
quiz 2: 6 months after training. A total score; B theoretical score; C application score. Data are presented as mean ± standard deviation (SD); **p < 0.01 vs. 
Pre-quiz in Exp, ##p < 0.01 vs. Pre-quiz in Con, △△p < 0.01 vs. post-quiz 1 in Exp, †† p < 0.01 vs. post-quiz 1 in Con, ^^p < 0.01 vs. Con at different time 
points
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To gauge retention of ECG theoretical knowledge and 
interpretation skill, a second post-quiz was conducted six 
months after training. Although the mean total scores, 
theoretical knowledge, and application scores of both 
groups significantly decreased, the experimental group’s 
mean total and application scores were still significantly 
higher than those of the control group (67.45 ± 4.08 vs. 
63.44 ± 2.65, 41.35 ± 4.53 vs. 35.44 ± 4.04, P < 0.01). Inter-
estingly, the experimental group’s theoretical knowledge 
score was significantly lower than the control group’s 
(26.11 ± 2.86 vs. 28.00 ± 3.01, P < 0.01).

Moreover, when compared with the pre-quiz, both 
groups still showed a significant improvement in the 
mean total score six months after training (P < 0.01). The 
experimental group’s improvement was seen in both the-
oretical and application scores (P < 0.01). In contrast, the 
control group’s most significant improvement was in the-
oretical score (P < 0.01), with no noticeable advancement 
in application score (P > 0.05) (Fig. 2).

Comparison of students’ attitudes
A total of 109 questionnaires were sent out, all of which 
were recovered, resulting in a recovery rate of 100%. 
When comparing the experimental group with the con-
trol group, significant improvements were observed 
in the experimental group in various aspects. These 
included self-learning enthusiasm, understanding of 
teaching content, student-teacher interaction, satis-
faction with teaching mode, satisfaction with teaching 
effectiveness, self-confidence, and interest in learning 
ECG, all of which were significantly higher (P < 0.05 for 
the first two aspects and P < 0.01 for the rest). However, 
the systematization of teaching content was found to be 
comparable between these two groups (P > 0.05). Addi-
tionally, it is worth noting that the majority of students 
in the experimental group indicated an increase in study 
load (P < 0.01) (Fig. 3).

Discussion
Effective ECG education for nurses is crucial, as it neces-
sitates both a strong foundational understanding and 
sharp analytical skills. However, traditional lecture-based 
learning (LBL) often falls short in fostering active engage-
ment and enhancing ECG competency, which is pivotal 
in diagnosing arrhythmias and coronary syndromes [19, 
20]. Students frequently exhibit gaps in basic knowledge 
and a reluctance to apply theory confidently [19, 20]. To 
bridge this divide, educational experts advocate for active 
and self-directed learning strategies to facilitate better 
knowledge retention and complex problem-solving abili-
ties, thus improving overall outcomes of diagnosis and 
therapy [21–23].

A notable advancement in teaching methodolo-
gies is the BOPPPS model, which emphasizes student 

participation and consistent feedback to boost instruc-
tional effectiveness [24, 25]. This model garners prefer-
ence among students, leading to increased satisfaction, 
engagement, and the honing of critical thinking skills [24, 
25]. The systematic nature of the framework suggests that 
it has potential to be preferred for teaching ECG inter-
pretation to nurse trainees. Moreover, the Case-Based 
Learning (CBL) strategy, pioneered by Harvard Medical 
School, employs real-life scenarios to sharpen medical 
students’ academic prowess and case analysis capabili-
ties [26]. By incorporating actual clinical data, including 
medical histories and laboratory findings, CBL not only 
enhances knowledge and skills but also cultivates clinical 
reasoning. Its interactive aspect further boosts student 
involvement and the enjoyment of the learning process 
[27].

Mastering ECG interpretation is challenging, and no 
single instructional method can guarantee maximum 
proficiency for all learners. With this in mind, we have 
evaluated whether the BOPPPS-CBL model can effec-
tively enhance the teaching effect of ECG interpretation. 
Our study demonstrates that the implementation of the 
BOPPPS-CBL model yielded superior total test scores for 
nursing students in the experimental group compared to 
the control group.

According to Bloom’s Taxonomy, a conceptual frame-
work used to classify educational objectives originating 
from the work of Benjamin Bloom in 1956 [28]. This tax-
onomy classifies cognitive activities into six hierarchical 
levels: remembering, understanding, applying, analyzing, 
evaluating, and creating. In our study, the test consisted 
of two parts, each focusing on different aspects: basic 
theoretical knowledge and ECG interpretation capabil-
ity. The assessment of remembering and understanding 
was evaluated by the test of basic theoretical knowledge, 
while the assessment of higher-level cognition in Bloom’s 
taxonomy (application and analysis) was performed 
through the ECG interpretation test. We further dis-
sected the overall improvement structure to identify the 
dominant part in score improvements from pre- to post-
quiz. There was a significant increase in ECG interpre-
tation capability after the experimental group’s training. 
Our studies have shown that experimental teaching is 
more effective in helping students master basic knowl-
edge and apply it to interpret ECG. These findings echo a 
prior study that observed elevated levels of problem-solv-
ing skills and analytical skills in the BOPPPS-CBL model 
group compared to the traditional teaching group [8].

Interestingly, regardless of the teaching method used, 
scores in basic knowledge improved significantly after 
training in both groups, with no significant difference 
between them. Moreover, our study revealed significant 
differences in students’ self-learning enthusiasm and 
course satisfaction between the two groups, supporting 
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the findings of previous studies [8, 29]. We also examined 
the BOPPPS-CBL model’s potential to facilitate long-
term retention of basic theoretical knowledge and ECG 
interpretation. After six months, though ECG quiz scores 
decreased in both groups, the experimental group con-
sistently outperformed the control group. This indicates 
that the BOPPPS-CBL model’s teaching effectiveness had 
a more lasting impact on students’ ECG interpretation 
abilities.

Our new BOPPPS-CBL model approach offers sev-
eral advantages over traditional teaching methods. The 

model positively affects both class goal achievement and 
the impact of teaching modes on learning. Its “bridge-
in” stage can spark students’ interest through thought-
provoking questions, such as the significance of ECG for 
patients with severe cardiovascular diseases. This intrigu-
ing introduction can capture students’ enthusiasm, help-
ing them see the importance of ECG in medical practice. 
Further stages emphasize learning objectives, transform 
the classroom dynamic from teacher-centered to stu-
dent-centered, and facilitate a multi-interactive learn-
ing process. During the BOPPPS-CBL teaching, clinical 

Fig. 3 Five-level likert scores of students’ attitudes in Exp (n = 55) and Con (n = 54) groups. Exp: experimental group with the combined BOPPPS and CBL 
method. Con: control group with the traditional LBL method. A self-learning enthusiasm; B study load; C systematization of teaching content; D under-
standing of teaching content; E student-teacher interaction; F satisfaction of teaching mode; G satisfaction of teaching effect; H self-confidence; I interest 
in continuing to learn about ECGs. NS: no significant difference, *p < 0.05 Exp vs. Con, **p < 0.01 Exp vs. Con
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cases encourage students to think independently, ana-
lyze data, and make clinical diagnoses and decisions [30]. 
It’s an effective method, promoting active learning and 
developing clinical reasoning skills. Consequently, the 
BOPPPS-CBL model in ECG teaching not only improves 
students’ interest in learning but also better trains their 
abilities in clinical case analysis. ECG teaching demands 
students comprehend abstract knowledge and theory, 
subsequently linking them to the capacity for ECG inter-
pretation. Though understanding these basics is crucial, 
especially for nurses in cardiology departments, the true 
challenge lies in teaching students to apply this knowl-
edge to real-world problems. Developing an effective 
model like BOPPPS-CBL can substantially enhance the 
teaching effect in ECG instruction.

In summary, the BOPPPS model is a student-oriented, 
teacher-led interactive method that emphasizes clear 
learning objectives and active student participation. 
Combined with CBL teaching, which is based on typical 
clinical cases, it encourages students to think indepen-
dently and make clinical decisions. The BOPPPS-CBL 
approach in ECG teaching is a comprehensive and effec-
tive way to foster positive attitudes towards teaching and 
learning.

Limitations
This study is subject to three primary limitations. Firstly, 
the scope of the investigation was confined to trainee 
nurses; therefore, subsequent studies incorporating a 
broader range of participants are essential to corroborate 
the efficacy of the combined method proposed. Secondly, 
the limited sample size of this study necessitates further 
research with an expanded cohort to thoroughly assess 
the method’s impact. Thirdly, the longitudinal effects of 
this innovative approach were not examined adequately; 
future studies should employ multi-center randomized 
controlled trials with extended follow-up durations to 
evaluate the sustained effectiveness of the method.

Conclusion
Our study is the first to combine the BOPPPS model with 
the CBL method in the ECG course for nursing students. 
We have found that this combination is an effective and 
innovative approach, improving nurses’ capabilities in 
ECG interpretation and diagnosis. Further research 
is required to minimize potential biases in our find-
ings. Additionally, more studies should be conducted to 
determine whether this method can be applied to other 
groups, such as healthcare professionals, medical stu-
dents, and public health students.
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