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Objective An ECG is pivotal for the diagnosis of coronary
heart disease. Previous studies have reported deficiencies
in ECG interpretation skills that have been responsible for
misdiagnosis. However, the optimal way to acquire ECG
interpretation skills is still under discussion. Thus, our
objective was to compare the effectiveness of e-learning
and lecture-based courses for learning ECG interpretation
skills in a large randomized study.

Participants and methods We conducted a prospective,
randomized, controlled, noninferiority study. Participants
were recruited from among fifth-year medical students and
were assigned to the e-learning group or the lecture-based
group using a computer-generated random allocation
sequence. The e-learning and lecture-based groups were
compared on a score of effectiveness, comparing the 95%
unilateral confidence interval (95% UCI) of the score of
effectiveness with the mean effectiveness in the lecture-
based group, adjusted for a noninferiority margin.

Results Ninety-eight students were enrolled. As compared
with the lecture-based course, e-learning was noninferior
with regard to the postcourse test score (15.1; 95% UCI
14.2; +∞), which can be compared with 12.5 [the mean
effectiveness in the lecture-based group (15.0) minus
the noninferiority margin (2.5)]. Furthermore, there

was a significant increase in the test score points in both
the e-learning and lecture-based groups during the study
period (both P< 0.0001).

Conclusion Our randomized study showed that the
e-learning course is an effective tool for the acquisition
of ECG interpretation skills by medical students. These
preliminary results should be confirmed with further
multicenter studies before the implementation of e-learning
courses for learning ECG interpretation skills during
medical school. European Journal of Emergency Medicine
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Introduction
According to the WHO, coronary heart diseases are the

leading cause of death worldwide, becoming a truly glo-

bal pandemic [1]. An ECG is pivotal for the diagnosis of

coronary heart disease [2]. Therefore, physicians in all

specialties increasingly use ECG, especially in the

emergency departments (EDs), as circulatory disorders

are one of the most frequent reasons for admission [3].

However, previous data have reported deficiencies in

ECG interpretation, even if the patient outcome result-

ing from ECG misinterpretation seems not to have been

impacted [4,5].

Thus, it is crucial to optimize competent ECG inter-

pretation skills [6]. However, the optimal educational

strategies for teaching ECG remain unclear. Previous

studies evaluated workshops, traditional lecture-based

methods, and self-directed learning for teaching ECG

interpretation [7,8]. White et al. [8] tested the value of a

single seminar given by a consultant cardiologist to

emergency physicians. They reported that 21.3% of

ECGs had serious misinterpretations in preseminar tests

compared with 10.7% of ECGs in postseminar tests

(P< 0.005), reducing ED patient mismanagement from

3.2 to 1.7% (P< 0.0001) [8]. Mahler et al. [7], in a pro-

spective randomized study including fourth-year medical

students, noted that participants in the self-directed

learning group had lower test scores compared with

workshops or traditional lecture-based methods.

Alternative teaching strategies were also tested, including

dance and puzzles, which failed to achieve statistical

significance when compared with the classical lecture-

based course [9,10].

Over the last decade, because of the introduction of the

Internet, online learning methods have been expanding
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and e-learning education has become an interesting

option for medical students, presenting reliable, reusable

content and providing flexible, geographically indepen-

dent access [11]. e-Learning has been found to promote

critical thinking and decision-making skills in medical

students [12]. Moreover, e-learning is said to reduce the

learning time required and increase academic achieve-

ment and satisfaction with the learning program [13,14].

Overall, in the healthcare field, e-learning methods have

been developed for the acquisition of both theoretical

and practical skills, including ethics and communications

skills [15,16]. To avoid obstacles in medical education, in

addition to heavy workloads and limited time and space

in today’s worldwide large-enrollment classroom envir-

onment, e-learning has been shown to be a valuable tool

for development [11].

Indeed, e-learning provides promising educational

opportunities to facilitate the development of ECG

interpretation skills. A recent study evaluated e-learning

in teaching ECG interpretation in third-year medical

students. They reported that the mean result of a diag-

nostic test realized at the end of the course in the

e-learning group was higher than that of the control group

(P= 0.03). However, this study was not randomized and

several students (12/32, 37.5%) in the intervention group

did not use the web-based ECG interpretation program,

suggesting that the result might be due to positive stu-

dent selection. Moreover, the control group included

students from another teaching hospital, consequently

questioning the comparability of the two groups [17].

Thus, the aim of our study was to compare the effec-

tiveness of e-learning and lecture-based courses to

enhance ECG interpretation skills in a randomized and

controlled study.

Participants and methods
Study design and population
This was a prospective, controlled, randomized, non-

inferiority study carried out by the University of Nantes,

France, during one semester of the 2012–2013 academic

year. The study was designed to determine whether the

e-learning course was as effective as (noninferior to) the

lecture-based course in the enhancement of ECG inter-

pretation skills. As previous studies evaluating e-learning

in healthcare professionals did not meet the primary

efficacy objective of superiority, and as we consider

e-learning as a supplementary tool for ECG interpreta-

tion teaching, we decided to carry out a noninferiority

study in terms of efficacy [15,18,19]. Moreover, we

expected satisfaction with the e-learning course to be

better compared with the lecture-based one.

The participants were fifth-year medical students. This

academic year is designed to prepare the students for

internship, with ECG teaching included in the curricu-

lum. Thus, before the beginning of our study, all

students had attended ECG interpretation courses based

on traditional lectures and PowerPoint (Microsoft Corp.,

Redmond, Washington, USA) presentations during their

second and fourth year of medical study.

The students were randomly assigned to the e-learning

group or the lecture-based group using a computer-

generated random allocation sequence. The students

did not know in advance the group to which they would

be assigned. The study investigators were blinded to the

students’ past academic performance or experience in

ECG interpretation. Most important, all students had

attended the same previous ECG interpretation courses.

Therefore, the background learning was comparable

across the groups. However, clinical experience may

differ among students, as some postings have more ECG

exposure – for example, cardiology.

Electrocardiogram interpretation teaching courses
Lecture and e-learning sessions occurred concurrently

during a 2-month period. They covered the same content

and included the same ECG sample. Indeed, two tea-

chers at the University of Nantes created the materials for

the e-learning and lecture-based courses, with the

intention of achieving the same learning objectives. As

the teachers were emergency physicians, the learning

objectives were centered on emergency medicine to

prepare the students caring for cardiovascular disorders

seen in the EDs. Moreover, a cardiologist of the institu-

tion validated the materials for the e-learning and lecture-

based courses.

For the e-learning course, we used the Modular Object-

Oriented Dynamic Learning Environment (Moodle).

The course consisted of five modules: (i) basic principles

of ECG interpretation: ECG paper speed and voltage,

rhythm, rate, electrical axis, normal intervals; (ii) acute

coronary syndromes and acute coronary syndrome dif-

ferential diagnoses: pericarditis, hypothermia, left ven-

tricular hypertrophy; (iii) tachycardia; (iv) conduction

system abnormalities; and (v) electrolyte disturbances.

Each module included PowerPoint (Microsoft Corp.)

presentations to present the material that the students

had to learn and quizzes based on multiple-choice

questions. A quiz is shown in Supplemental digital con-

tent 1, http://links.lww.com/EJEM/A86. Each quiz pre-

sented an ECG with a short description of the clinical

situation. Four or five answers were proposed to the

students who had to select true or false for each state-

ment. After the student had answered and confirmed the

answers, direct feedback was provided to explain briefly

why each statement was true or false. Overall, the

e-learning course contained the correct interpretations of

a sample of 40 ECGs with detailed explanations added in

the feedback, covering a wide field of ECG interpreta-

tion skills. Moreover, the two tutors were available to

answer questions through a chat function included in

the e-learning platform. However, the students had no
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face-to-face contact with the tutors, and the e-learning

program did not include a recorded video of a tutor giving

ECG lectures. The e-learning course was available for

6 weeks and was stopped 2 weeks before the postcourse

test. Thus, the students were allowed to go through the

learning package as many times as they wanted during

the study period.

In the lecture-based group, two tutors presented the

material covered in the e-learning course during a single

180-min classical lecture-based teaching session. The

session took place 3 weeks before the postcourse test.

PowerPoint (Microsoft Corp.) presentations included in

the e-learning course were presented without substantial

alteration. The sample of 40 ECGs used in the quizzes in

the e-learning format was extracted and presented to the

students using PowerPoint (Microsoft Corp.) presenta-

tions in an interactive procedure between the two tutors

and the participants.

Measurement of students’ electrocardiogram
interpretation skills
The students were evaluated by means of a precourse

test at the beginning of the study (i.e. before the start of

the e-learning and lecture-based courses) and a post-

course test 2 months later, at the end of the study (i.e.

after the end of the e-learning and lecture-based courses).

The two evaluations included the interpretation of 10

different ECGs by means of 10 different questions. For

each question, the student had to choose at least one

proposition among four or five answers. An answer was

scored two points if the student made the right choice,

one point if there was one mistake, and zero points

otherwise. The maximum score was 20 points. The

pretests and post-tests were automatically corrected. The

ECGs used during the tests were not used during

the e-learning and lecture-based courses, but covered the

same content in accordance with the program’s learning

objectives. Pretest ECGs differed from the post-test

ECGs and were previously evaluated by a panel of

physicians and validated by a cardiologist of the Nantes

University Hospital to ensure that both tests had an

equivalent level of difficulty. Students were given 45 min

to complete the pretests and post-tests.

Measurement of satisfaction with the e-learning course
Satisfaction with the e-learning course was evaluated

using a questionnaire that asked students’ opinions about

the usefulness and general interest of the course, acces-

sibility and ease of use, and educational value (relevance

of materials). Satisfaction with the lecture-based course

was evaluated using a questionnaire that asked students’

opinions about the usefulness and general interest of the

course and educational value. Opinions were graded

using a 10-point scale, with a higher score indicating a

more positive evaluation.

Ethical considerations
Students were clearly informed that the study would

have no effect on their course assessments and that they

could withdraw from the study at any time. Informed

consent was obtained from all participants. The data were

treated with strict confidentiality. After the study, to

avoid favoring one group of participants, the students

enrolled in the e-learning group attended the lecture-

based course and the students enrolled in the lecture-

based course were given open access to the e-learning

course. Because no ethics committee for research in

medical education exists in France, the protocol was

approved by the Dean of the Faculty of Medicine

of Nantes.

Data analysis
It was estimated that a sample size of 49 participants per

group would provide 80% power to show noninferiority

using a prespecified noninferiority margin of 2.5 (SD 5),

considering a type 1 error (α) of 5% and type 2 error (β) of
20%. The data were analyzed using the GraphPad Prism

(version 5; GraphPad Software, La Jolla, California, USA)

package. Quantitative data were reported as medians

with first and third quartiles or mean ± SD. Qualitative

data were reported as percentages with 95% confidence

intervals. All statistical tests were two-tailed, and a P
value of less than 0.05 was considered statistically

significant.

The postcourse test scores of the e-learning and lecture-

based groups were compared using a comparison

between the 95% unilateral confidence interval (95%

UCI) of the effectiveness score of the e-learning group

and the mean effectiveness in the lecture-based group,

taking into account the noninferiority margin of 2.5: if the

minimal boundary of the 95% UCI was less than the

mean effectiveness in the lecture-based group minus 2.5

(noninferiority margin), then the noninferiority of the

e-learning assumption would not be rejected.

Results
A total of 98 students were enrolled, including 61 [62.2%

(52.5–71.2)] women and 37 [37.8% (28.8–47.7)] men,

with a median age of 22 (21–23) years. The students were

assigned to the e-learning group (n= 49): 32 [65.3%

(51.3–77.1)] women and 17 [34.7% (22.9–48.7)] men

[median age 22 (21–23) years] or the control group

(n= 49): 29 [59.2% (45.2–71.8)] women and 20 [40.8%

(28.2–54.8)] men [median age 22 (21–23) years]. There

were no significant differences between the two groups

in terms of age (P= 0.8) or sex distribution (P= 0.6).

Baseline characteristics of the participants are summar-

ized in Table 1.

The efficacy criteria for the procedure are reported in

Fig. 1. The median precourse test score was 9.0 (6.0–12.0)

points in the e-learning group and 9.0 (6.0–12.0) points in

the lecture-based one. The difference was not statistically

110 European Journal of Emergency Medicine 2016, Vol 23 No 2

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.



significant (P= 0.9). Moreover, as compared with the

lecture-based course, e-learning was noninferior with

regard to the postcourse test score (15.1; 95% UCI 14.2;

+∞), which can be compared with 12.5 [the mean

effectiveness in the lecture-based group (15.0) minus the

noninferiority margin (2.5)]. Furthermore, there was a

significant increase in the test score points in both

the e-learning and lecture-based groups during the study

period (both P< 0.0001).

Concerning satisfaction with the e-learning course, the

median score for usefulness and general interest was 7.5

(7–8), with 7 (6–8) for accessibility and ease of use and 7

(5.5–8) for the educational value. Concerning satisfaction

with the lecture-based course, the median score for

usefulness and general interest was 7 (6–8) (P= 0.03

compared with the e-learning course), with 6 (5–7.5)

(P= 0.04 compared with the e-learning) for educational

value. Moreover, the median number of connections to

the e-learning course per student (i.e. median of the total

number of connections to the e-learning platform during

the study period for each student) was 3 (2–4) and the

median time connection to the e-learning course (i.e.

median of the total time passed on the e-learning plat-

form during the study period for each student) was 180

(137.5–200) min/student.

Discussion
The results of our randomized controlled study showed

that the e-learning course was as effective as the lecture-

based course for enhancing ECG interpretation skills

among fifth-year medical students, with increased satis-

faction of the students in terms of general interest and

educational value. We detected a statistically significant

improvement in ECG interpretation skills following

either the e-learning or the classical lecture-based course

(P< 0.0001 in both groups). Moreover, our results

showed that most of the participants enjoyed learning

ECG with the e-learning course, recommending this

method in terms of usefulness, ease of use, and educa-

tional value. Overall, our result validated three dimen-

sions of Kirkpatrick’s model, a frequently cited model in

understanding the impact of e-learning on learning:

learner satisfaction, learning outcome, and performance

improvement [20].

As previous data showed deficiencies in ECG inter-

pretive skills, it is crucial to optimize competency in

ECG interpretation skills. However, the optimal peda-

gogical strategies for teaching ECG are still being dis-

cussed [4,9,10].

During the last decade, in addition to the Internet boom,

the development of e-learning in the field of medical

education has grown significantly. e-Learning is espe-

cially suitable in the healthcare field as it overcomes

some of the limitations of traditional lecture-based cour-

ses, such as the limited teaching time available and poor

student–teacher interaction in the current context of a

large enrollment classroom [21]. Moreover, the fast

spread of mobile technologies, particularly familiar to

students, makes educational content easier to access [22].

Therefore, by delivering content at any time and place,

e-learning allows students to control the courses, meth-

ods, and timing of the learning in a way that clearly

enhances the quality of their learning experience [23].

Our study showed that the e-learning strategy could be

applied to teaching ECG, to overcome the difficulty

involved in teaching adequate ECG interpretation skills

to medical students in the era of large classrooms.

e-Learning seems to engage students more fully and

actively in the learning process.

In our e-learning ECG interpretation program, we

developed the following characteristics. First, the parti-

cipants have the possibility to chat with a tutor, in one-

on-one tutoring. Moreover, the chat contents between

Table 1 Baseline characteristics of the participants

e-Learning course (n=49) Lecture-based course (n=49) P value

Male [n (%)] (95% CI) 17 (34.7) (22.9–48.7) 20 (40.8) (28.2–54.8) 0.6
Age [median (first–third quartiles)] (years) 22 (21–23) 22 (21–23) 0.8

CI, confidence interval.

Fig. 1
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the participants and the tutors were posted in a forum so

that other participants could also benefit from these

interactions. This educational strategy has previously

been shown to produce the most effective learning

results [24,25]. Furthermore, previous studies have

reported that a high level of interactivity leads to suc-

cessful e-learning procedures [26–28]. The student can

spontaneously ask the tutor about a point in the course

content. Moreover, the teacher can ask questions through

the chat function, asking students to identify the major

points or unclear ones from the course, questioning the

students about the pace of lecture or the presentation

tools used. Second, our format also included quizzes.

This type of e-learning allows the teacher to see, in real

time, the strengths and weaknesses of his student panel,

as the results to the quizzes are easily accessible to the

teacher. Thus, the teacher can adapt the presentation of

the course to the students’ needs with high reactivity.

This avoids spending an unnecessary amount of time on

concepts that are already understood and allows the

teacher to follow-up only when needed. Moreover, it can

help the teacher see how individuals are doing between

exams, to test knowledge or survey students on their

progress. Third, our format included feedback on the

quizzes, which provides extensive information about the

ECGs presented. Feedback has previously been reported

to be a very important feature of simulation-based med-

ical education [29]. It helps the students to know how

they are doing. Indeed, fast, frequent, formative assess-

ments may help students to focus on areas they need to

work on, while also increasing student commitment.

Finally, our format included animations and clinical

cases, which improve participants’ satisfaction with the

method, participation, and investment [30].

However, e-learning cannot replace on-campus learning.

Blended learning, combining face-to-face learning and

e-learning, is now in the spotlight. In a one-group study,

with a pretest–post-test design, Jang et al. [31] reported
that the knowledge of and ability to interpret ECG

recordings improved from pretest to post-test, with sta-

tistical significance. This educational strategy in learning

ECG, combining an e-learning program and a lecture-

based course, must be tested in a randomized study.

Study limitations
First, our study was carried out in a single center.

Therefore, its findings should be generalized with cau-

tion, and further studies are warranted to confirm our

results in other teaching hospitals. Second, we did not

evaluate patient outcome, the fourth dimension of

Kirkpatrick’s model. As previously reported, most of the

studies evaluating the impact of e-learning in medical

education have been based on assessment measures,

including pretesting and post-testing of knowledge.

Therefore, this type of evaluation limits knowledge of

the impact of e-learning on learning outcomes or patient

outcomes [23]. Third, we did not evaluate the long-term

retention of knowledge, although long-term retention of

knowledge after e-learning courses is unclear and needs

to be studied in depth [32]. Finally, performing

cost–benefit analyses and comparing the e-learning pro-

gram and the lecture-based course would be of great

interest.

The accuracy of ECG interpretation is pivotal in clinical

practice, especially in the EDs, as complaints related to

cardiac disorders are extremely frequent. The optimal

method for acquiring ECG interpretation skills is still

being discussed, and several formats have been tested,

from traditional lecture-based courses to dance and puz-

zle. Our results indicate that an e-learning program,

including quizzes with feedback and interaction between

students and tutors through a chat function, can be a

useful tool for teaching ECG. These preliminary results

should be confirmed through further multicenter studies

before introducing a large-scale e-learning course for

learning ECG interpretation skills during medical school.
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