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Abstract
Background Learning to interpret electrocardiograms (ECGs) is a crucial objective in medical education. Despite its 
importance, errors in ECGs interpretation are common, and the optimal teaching methods have not yet been clearly 
established.

Objectives To evaluate students’ confidence in ECGs analysis and their opinion on current teaching methods, and to 
assess the effectiveness of a new ECG educational approach.

Methods First, we conducted a survey on ECG learning among fourth to sixth-year medical students. Second, a 
5-week multicenter comparative study was conducted with fourth-year medical students during their cardiology 
internship. Two different teaching methods were used, assigned by center. The first group participated in 5-minutes 
workshops 4 times a week using a “reversed classroom” method, supervised by a cardiologist, where students took 
turns selecting, presenting and discussing ECGs. The control group attended a single 2-hour face-to-face ECG course. 
All participants completed a 30-minute ECGs analysis test at baseline and after 5 weeks.

Results Out of 401 survey respondents, the confidence levels in ECG interpretation were 3/5 (IQR 2–3) for routine 
situations and 2/5 (IQR 1–3) for emergency situations. Satisfaction with ECG teaching was low (2/5, IQR 1–3) and 
96.3% of respondents favored more extensive ECG training. In the comparative study, 52 students from 3 medical 
schools were enrolled (control group: n = 27; workshop group: n = 25). Both groups showed significant improvement 
in exam scores from baseline to 5-week (33/100 ± 12/100 to 44/100 ± 12/100, p < 0.0001 for the control group and 
36/100 ± 13/100 to 62/100 ± 12/100, p < 0.0001 for the workshop group). The improvement was significantly greater in 
the workshop group compared to the control group (+ 26 ± 11 vs. + 11 ± 6, p < 0.001).

Conclusions Among French medical students who initially reported low confidence and insufficient skills in ECG 
interpretation, the workshop approach using a “reversed classroom” method was found to be more effective than 
conventional lecture-based teaching during cardiology internship.
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Introduction
Accurate interpretation of electrocardiograms (ECGs) is 
a fundamental skill in medical education, given their rou-
tine use in the diagnosis and evaluation of various cardiac 
diseases. Despite their widespread use, errors in ECG 
interpretation are frequent [1–3]. Berger et al.. found a 
high rate of misinterpretation among medical residents, 
with less than 50% accuracy in diagnosing basic tracings 
such as complete AV block [4]. Inaccurate ECG inter-
pretation can result in the absence of critical treatment 
(i.e. complete AV block, ventricular arrhythmia, acute 
coronary syndrome) or in unnecessary interventions [5]. 
Bogun et al.. reported that incorrect diagnosis of atrial 
fibrillation in 4% of patients led to inappropriate treat-
ments, such as unnecessary anticoagulant or antiarrhyth-
mic therapies [5].

Teaching ECG analysis presents significant challenges 
due to its complexity, so students are often reluctant to 

engage with the subject. In response to these challenges, 
the American College of Cardiology issued guidelines [3] 
recommending that healthcare professionals interpret at 
least 500 ECGs under expert supervision to achieve clini-
cal competence. However, mere repetition is insufficient; 
understanding the underlying pathophysiology is cru-
cial for accurate diagnosis. With a variety of pedagogical 
materials available (e.g., books, articles, quiz, videos) and 
differing teaching methods across medical schools and 
countries (e.g., self-directed, workshop-based, lecture-
based) [6, 7], the optimal approach remains unclear [2]. 
While not all medical students need to become ECG 
experts, they must be capable of recognizing life-threat-
ening conditions. This study aimed to (1) assess students’ 
confidence in ECG analysis and their perceptions of cur-
rent teaching methods; and (2) evaluate the effectiveness 
of a new ECG teaching method.
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Methods
Survey on ECG learning
The first part of the study involved a survey on ECG 
learning. An anonymous, electronic survey was distrib-
uted to students in their fourth to sixth years of medical 
training at three French medical schools. The question-
naire assessed students’ confidence in interpreting ECGs 
both in routine practice and emergency situations. It also 
evaluated their satisfaction with current teaching meth-
ods and the perceived importance of ECG interpretation 
for their future medical practice. Responses were col-
lected using Likert scales ranging from 1 to 5. The survey 
recorded the methods used by the students to interpret 
ECG tracings, including: (1) Sequential ECG analysis 
(atrial activity, AV conduction, ventricular activation, 
ventricular repolarization); (2) FRAICH method (French 
acronym for Rate, Rhythm, Axis, Ischemia, Conduction, 
Hypertrophy); (3) Visual memorization of ECG tracings; 
(4) Other methods. Additionally, students were asked 
about their preferred medical or surgical specialty for 
their future practice. The full survey is provided in Sup-
plementary Appendix 1.

Comparative study
This prospective, multicenter, comparative study was 
conducted from May 2023 to September 2023, spanning 
3 successive internship periods for medical students. 
Participants were recruited from three French hospitals 
during their cardiology internships. This study received 
approval from educational directors and informed con-
sent was obtained from all participants. All students were 
in their fourth year of medical school and had previously 
completed ECG training courses according to national 
objectives, in their 2nd and 4th years.

The study duration was 5 weeks. The teaching method 
was nonrandomly assigned according to the center. In 
two French hospitals, students were assigned to the 
control group, while in the third hospital, students were 
assigned to the workshop Group.

In the workshop group, 5-minute workshops were con-
ducted 4 times a week throughout the study period. The 
“reversed classroom” method was employed, where stu-
dents took turns to selecting and presenting ECGs from 
patients encountered during their cardiology intern-
ship. Each workshop focused on a single ECG, with each 
student presenting at least two different ECGs over the 
study period. Students had one minute to reflect on the 
presented ECG tracing. A correction was then provided 
by the student presenter. A cardiologist specialized in 
arrhythmia management was present to emphasize key 
teaching points and offer additional explanations.

The control group attended a single 2-hour face-to-face 
ECG course, 3 weeks after the start of their cardiology 
internship. The course, led by a cardiologist specialized 

in cardiac arrhythmias, included detailed explanations 
of ECG interpretation techniques. Students were shown 
a range normal and abnormal ECG tracing covering the 
required knowledge. The course content and materials 
were at the discretion of the instructor and were consis-
tent with the teaching methods previously used in these 
centers.

Evaluation methods
All participants completed a 30-minute ECG analysis test 
at the start and at 5 weeks of their cardiology internship. 
The test consisted of 10 ECG tracings accompanied by 
open-ended questions. Importantly, no correction was 
provided after the initial test and the same tracings were 
used for both initial and final evaluations. Some ques-
tions contained brief summaries of medical records and 
required participants to provide a complete and accurate 
ECG diagnosis. These 10 tracings were selected to rep-
resent key conditions that graduating medical students 
should be able to diagnose, such as complete heart block, 
myocardial infarction, ventricular tachycardia, atrial 
fibrillation, atrial flutter. To ensure comprehensive assess-
ment, some ECGs included multiple diagnoses.

Additionally, participants completed the previously 
described survey on ECG learning at baseline and 5 
weeks. All exam papers were graded by the same instruc-
tor, who was blinded to the participants’ assigned groups. 
A 100-point grading scale (10 points per tracing) was 
established prior to the study. The primary endpoint was 
the difference between the scores at the end of the stud 
and the baseline scores.

Statistical analysis
Continuous variables were expressed as mean ± standard 
deviation (SD) for normally distributed data or median 
and interquartile range (IQR) for non-normally distrib-
uted data. Normal distribution was assessed using the 
Shapiro-Wilk test. Survey results, based on Likert scales, 
were presented as medians and IQRs. Categorical vari-
ables were reported as counts and percentage. Compari-
sons between categorical variables were performed using 
the Chi-squared test or Fisher’s exact test, while compari-
sons for continuous variables were conducted using Stu-
dent’s t-test or Mann–Whitney U test, as appropriate. To 
evaluate changes in scores from baseline to the end of the 
study within each group, a paired t-test was employed. 
Additionally, a one-way ANOVA was used to compare 
score changes between the two groups over the 5-week 
period. All tests were two-sided, with a p-value < 0.05 
considered statistically significant. All analyses were per-
formed using the R 3.6.3 software (The R Foundation for 
Statistical Computing, Vienna, Austria).
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Results
Survey
A total of 401 students from 3 different universities 
responded to the survey on ECG learning. Of these, 170 
(42.4%) were in their 4th year, 147 (36.7%) in their 5th 
year and 84 (20.9%) in their 6th year of medical studies. 
On a Likert scale ranging from 1 (very unconfident) to 5 
(very confident), students reported an overall confidence 
level of 3 (IQR 2–3) in ECG interpretation during routine 
medical situations. Confidence in emergency situations 
was significantly lower as compared to routine medical 
situations with a median of 2, IQR 1–3 (p < 0.0001). Of 
note, students intending to specialize in cardiology dem-
onstrated higher confidence level in ECG interpretation 

than others (in routine situations 4, IQR 3–4 vs. 3, IQR 
2–3; p = 0.0002 and in emergency situations 3, IQR 2–3 
vs. 2, IQR 1–3; p < 0.0001). Respondents overall placed 
high importance on ECG interpretation skills for their 
future medical careers with a median of 5, IQR 4–5 on a 
scale ranging from 1 to 5 (Fig. 1).

Regarding methods used for ECG analysis, the 
FRAICH method predominantly favored, used by 305 
out of 401 students (76.4%), compared to other methods 
such as sequential ECG analysis (57/401, 14.2%), visual 
memorization (23/401, 5.7%) or other methods (16/401, 
4%) (p < 0.0001) (Fig. 2).

Satisfaction with ECG teaching during the early years 
of medical training was generally low with a median 

Fig. 1 Results of the survey on 401 medical students. Results are indicated on a Likert scale ranging from 1 to 5. Panel A: Level of confidence during ECG 
interpretation in current medical practice. Panel B: Level of confidence during ECG interpretation in emergency situation. Panel C: Importance attached 
to ECG interpretation skills in the future medical practice. Panel D: Level of satisfaction with ECG teaching
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rating of 2, IQR 1–3. Most respondents felt that the cur-
rent educational methods were not well-suited to teach-
ing ECG interpretations (median of 2, IQR 2–3).

The great majority of respondents (386 / 401, 96.3%) 
advocated for more extensive ECG training. The most 
common suggestions included: (1) regular training (at 
least weekly) in person or via videoconference (37% of 
all responders); (2) quarterly workshops in small groups 
(31%); and (3) access to a bank of normal and pathologi-
cal ECGs with detailed corrections (16%).

New ECG teaching method
Baseline students’ characteristics
A total of 52 students from 3 different medical schools 
were enrolled in our study. Twenty-seven students were 
assigned to the control group (with 3 subgroups of 7 
students each and 1 subgroup of 6 students across the 
successive internship periods), while 25 students were 
assigned to the workshop group (with 2 subgroups of 
8 students each and 1 subgroup of 9 students). There 
were no significant differences between the two groups 
at baseline (Table  1). All students in the control group 
attended the 2-hour ECG course whereas all students in 
the workshop group participated in at least fifteen work-
shops. ECG analysis tests were completed by all students 
at both baseline and 5-week. The baseline exam results 
(/ 100) were similar between the groups, with scores of 
33 ± 12 for the control group and 36 ± 13 for the workshop 
group (p = 0.40).

Baseline and 5-week ECG test results
The exam results significantly improved from baseline to 
5-week assessment in both groups (control group: 33 ± 12 
to 44 ± 12, p < 0.0001; workshop group: 36 ± 13 to 62 ± 12, 
p < 0.0001 in the). Notably, the improvement was signifi-
cantly greater in the workshop group as compared to the 
control group (+ 26 ± 11 vs. + 11 ± 6, p < 0.001) (Graphical 
Abstract).

The median number of ECG tracings for which stu-
dents provided a response during the 30-minute test 
was significantly higher at the final exam compared to 
the initial test (10, IQR 9–10 vs. 9, IQR 8–10, p < 0.001 
in the control group and 10, IQR 10–10 vs. 8, IQR 7–10, 
p < 0.001 in the workshop group). The increase in the 
number of ECG tracings for which students provided a 
response was greater in the workshop group compared 
to the control group (+ 2, IQR 0–3 vs. + 0, IQR 0–1, 
p = 0.014) (Fig. 3).

Table 1 Baseline students’ characteristics
Control 
group 
(n = 27)

Work-
shop 
group 
(n = 25)

p

Age (years) 22.2 ± 1.8 22.0 ± 1.4 0.89
Gender (female) 16 (59%) 13 (52%) 0.80
Level of confidence in interpreting 
ECGs
 Routine practice 3, IQR 2–3 2, IQR 

1–2,5
0.07

 Emergency situation 2, IQR 2–3 2, IQR 2–3 0.35
Level of satisfaction with the ECG 
teaching received

2, IQR 2–3 2, IQR 2–3 0.83

Methods used to interpret ECG 
tracings*
 FRAICH 23 (79%) 20 (80%) 0.72
 Sequential analysis 3 (10%) 6 (24%) 0.28
 Visual memorization 3 (10%) 5 (20%) 0.46
 Others 0 (0%) 0 (0%) 1
Planned specialization
 Cardiology 7 (26%) 5 (20%) 0.86
 Medical specialty 8 (30%) 6 (24%) 0.89
 Surgical specialty 5 (19%) 4 (16%) 1
 General medicine 4 (15%) 6 (24%) 0.49
 Anesthesiology / Intensive care 
medicine

3 (11%) 4 (16%) 0.70

*non-exclusive

Fig. 2 Distribution of the methods used to interpret ECG tracings among questioned students
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Confidence in ECG reading
There was no significant correlation between baseline 
confidence in ECG interpretation and baseline exam 
scores (coefficient correlation of rs = 0.15, p = 0.28 in the 
overall population; rs = 0.20, p = 0.33 in the workshop 
group and rs = 0.03, p = 0.87 in the control group). On a 
Likert scale ranging from 1 (very unconfident) to 5 (very 
confident), confidence levels in ECG interpretation dur-
ing routine medical practice and emergency situations 
significantly improved in both groups during the study 
period (Fig. 4). While the improvement in routine medi-
cal practice did not differ significantly between groups, it 
was greater in the workshop group compared to the con-
trol group in emergency situation (median improvement 
of 1, IQR 1–2 vs. 0, IQR 0–1, p = 0.012).

Discussion
Current state of ECG learning among French medical 
students
In line with the literature [8], our survey confirmed that 
students’ confidence in their ability to correctly inter-
pret ECGs is generally low. Confidence levels were even 
lower in emergency situations, which is problematic 
as many physicians need to make rapid and important 
medical decisions based on ECG analysis. Kashou et al.. 
[9] surveyed over 2,500 American healthcare profession-
als, 80% of whom reported using ECGs as part of their 
current practice. Notably, 45% expressed discomfort 
with ECG interpretation. Inadequacies in training were 
also exposed as more than 70% received less than 5  h 
of ECG courses, with 45% reporting no education at all. 
In another study conducted among internal and emer-
gency medical residents, half of the participants felt their 
ECG training was inadequate [4]. Although conducted in 

different countries, those studies clearly highlighted the 
deficiencies in ECG teaching.

Students’ ECG reading skills are below the expected 
prerequisites, as evidenced by the baseline exam results 
(< 40% of correct answers). This pedagogical problem 
is not confined to French universities [1, 8]. A recent 
meta-analysis [1] of more than 70 studies (3000 students) 
showed that the accuracy of ECG interpretation among 
medical students was 42%, which aligns with our find-
ings. The accuracy remained low among residents (56%) 
and practicing physicians (69%) [1, 10]. In another study 
conducted in an American medical school, based on the 
interpretation of classic examples of ECG tracings with 
no particular difficulty, the rate of correct answers was 
36% among 4th-year medical students and 63% among 
residents [11]. Despite better results among residents, 
this level of ECG interpretation remains largely inad-
equate considering the potential clinical consequences 
of misinterpretation. In a study of 52 first-year residents, 
correct identification of complete AV block or ventricular 
tachycardia was achieved by less than 50% of participants 
[12].

The current pedagogical methods do not meet stu-
dents’ expectations and fail to enable them to reach a suf-
ficient level of competence. However, the vast majority of 
medical students are keen to find innovative educational 
solutions to improve their ECG interpretation skills [12]. 
In line with our study, nearly all medical professionals 
(98%) in Kashou et al. [9] survey expressed a desire for 
more ECG education.

Could we improve ECG teaching during medical training?
Teaching ECG interpretation is a major challenge in 
medical education and there is currently no definite 

Fig. 3 Median number of interpreted ECG tracings during the 30-minute test at baseline and 5-week. Panel A: Workshop group. Panel B: Control group. 
Lines represent medians
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method to address the difficulties associated with ECG 
learning. In a randomized study, Mahler et al. [13] dem-
onstrated that self-directed learning was less effective 
than other educational approaches, such as workshops 
or lectures. However, no significant difference was found 
between the effectiveness of workshops and lectures.

Our study demonstrated that the workshop approach 
was superior to the more conventional approach rou-
tinely used in most of the French University Hospitals. 
The workshop methods were based on two well-known 
educational principles: (1) learning by repetition and (2) 
reverse pedagogy. The improvement of memory reten-
tion through repeated exposure to material is one of the 
most evidenced-based elements of adult learning science. 
In a study conducted by Cunningham et al.., spaced rep-
etition and retrieval practice of ECG analysis improved 
ECG interpretation skills [14].

To the best of our knowledge, our study on ECG learn-
ing is the first to use the principle of the “reversed class-
room”, in which students themselves had to look for ECG 
tracings within patient files. This pedagogical approach 
had several advantages. It encouraged students to explore 
a large number of ECG tracings before the workshop to 
provide their peers with original educational content. It 
strengthened interactions between medical students and 
residents, who helped select and interpret ECGs. Finally, 
students had to present and explain the analysis and 
underlying pathophysiology of the selected ECG tracing 
to their peers; teaching others is a well-known method 
for enhancing memorization and learning.

Repeated workshops and the reversed approach also 
stimulated students’ curiosity about ECG analysis, which 
can be daunting at first. As shown in a study by Berger 
JS et al. [4], students interested in cardiology performed 
better in ECG interpretation than those not interested.

Fig. 4 Baseline and 5-week level of confidence in ECG interpretation. Panel A and B: Confidence level in ECG interpretation during current medical prac-
tice among Workshop (A) and control groups (B). Panel C and D: Confidence level in ECG interpretation during emergency situations among Workshop 
(C) and control groups (D). Lines represent medians
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Another important concept that may explain the bet-
ter results in the workshop group is the approach used 
to interpret ECGs. While the “FRAICH” method seems 
to be widely taught in France, we observed a switch from 
this method to the “sequential ECG analysis” approach 
in the workshop group, which was associated with a sig-
nificant increase in ECG reading skills. This approach 
involves step-by-step analysis of the atrial activity, AV 
nodal conduction properties, ventricular activation and 
ventricular repolarization, enabled a comprehensive 
and more logical analysis of ECG tracings. In a study by 
Zeng et al. [15], the evaluated “sequential ECG analysis” 
approach reduced the average ECG reading time by a 
factor of 2, and improved significantly the average ECG 
accuracy results (77% vs. 43% in the traditional teaching 
group).

Limitations
Although this was a nonrandomized study, the educa-
tional method was assigned according to the centers. A 
switch from the FRAICH method to the “sequential ECG 
analysis” method was observed only in the workshop 
group, which could have also contributed to the main 
result of our study. However, we cannot exclude the pos-
sibility that the repeated workshops and the reverse ped-
agogy independently influenced the students to change 
their approach to ECG interpretation.

Conclusion
Our survey on ECG learning highlighted a low level of 
confidence in ECG interpretation among French medi-
cal students. Overall satisfaction with current teach-
ing methods was low, and most students expressed a 
desire for more ECG training and innovative educational 
approaches.

Our comparative study revealed that students’ ECG 
reading skills were initially below the expected level. 
We found that a workshop approach using a “reversed 
classroom” method significantly improved ECG inter-
pretation skills compared to conventional lecture-based 
teaching during cardiology internships. The workshop 
group showed greater improvements in exam scores and 
confidence, particularly in emergency situations. These 
findings suggest that the workshop and “reversed class-
room” hold promise for enhancing ECG education. Such 
methods could be extended to ECG teaching in other 
medical centers and potentially applied to various other 
medical topics.
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