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ABSTRACT

INTRODUCTION Interpretation of the electrocardiogram (ECG) is an essential skill in most medical spe-
cialties; however, the best method of teaching how to read ECGs has not been determined.

0BJECTIVES The aim of the study was to compare the effectiveness of collaborative (C-eL) and self
(S-eL) e-learning of ECG reading among medical students.

PATIENTS AND METHODS A total of 60 fifth-year medical students were randomly assigned to the C-eL
and S-el groups. S-eL students received 15 ECG recordings with a comprehensive description by email
(one every 48 hours), while C-eL students received the same ECG recordings without description. C-eL
students were expected to analyze each ECG together within the subgroups using an internet platform
and to submit the interpretation within 48 hours. Afterwards, they received a description of each ECG.
C-eL students’ activity was assessed based on the number of words written on the internet platform dur-
ing discussion. A final test consisted of 10 theoretical questions and 10 ECG recordings. The final score
was a sum of points obtained for the interpretation of ECG recordings. The main endpoint of the study
was the number of students whose final score was 56% or higher.

RESULTS The final test was completed by 53 students (88.3%). The main endpoint was achieved in
20 C-el students (77%) and in 13 S-eL students (48.1%), P = 0.03. The final score was 6.4 (interquartile
range [IQR], 5.8-7.6) in the C-eL group and 5.6 (IQR, 4.2-7.2) in the S-eL group, P = 0.04. It correlated
with the results of the theoretical test and students’ activity during C-eL (r = 0.42, P = 0.002 and r =

0.4, P = 0.04, respectively).
CONCLUSIONS

INTRODUCTION  The ability to read an electrocar-
diogram (ECG) is an essential skill in most medi-
cal specialties.! The 12-lead ECG is commonly used
for screening and diagnosis of heart diseases, in-
cluding many life-threatening disorders such as
arrhythmias, myocardial infarction (MI), and car-
diac arrest.?® Guidelines of the European Society
of Cardiology recommend that ECG should be per-
formed within 10 minutes after the first medical
contact in patients with symptoms of acute MI
as its result determines further treatment.* ECG
is also recommended as a screening tool in atri-
al fibrillation.”>® Inaccurate ECG interpretation
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C-eL of ECG reading among fifth-year medical students is superior to S-eL.

may lead to adverse patient outcomes. It is esti-
mated that every year 10 000 deaths in the Unit-
ed States result from incorrect ECG interpreta-
tion.” In one study, 3.6% of patients from a single
medical center were incorrectly diagnosed with
atrial fibrillation, and they were consequently in-
adequately treated with antiarrhythmic and an-
ticoagulant drugs.?

Several studies have highlighted gaps in ECG
interpretation skills among medical students
and residents from different countries.® In our
recent study,'® fewer than 60% of Polish med-
ical students were able to diagnose common



TABLE 1
during the e-learning course

Electrocardiographic abnormalities presented in educational materials

Case number Diagnoses

1

First-degree AVB

Sinus bradycardia

Atrial flutter

Nonspecific intraventricular conduction delay

Sinus bradycardia

Previous inferior Ml

RBBB

Right ventricular hypertrophy

Right atrial enlargement

NSTEMI

Atrial fibrillation

LBBB

Left anterior fascicular block

Third-degree AVB

Left anterior fascicular block

Torsades de pointes

— O | 0| N

Left ventricular hypertrophy

Left atrial enlargement

Sinus tachycardia

Anterolateral NSTEMI

First-degree AVB

12

Inferior NSTEMI

13

Left atrial enlargement

Right atrial enlargement

Right ventricular hypertrophy

Atrial fibrillation

Ventricular stimulation

LBBB

STEMI

Abbreviations: AVB, atrioventricular block; LBBB, left bundle branch block; MI,
myocardial infarction; NSTEMI, non—-ST-segment elevation MI; RBBB, right bundle
branch block; STEMI, non—-ST-segment elevation Ml

abnormalities on 12-lead ECG. We hypothesized
that it may result from ineffective education on
ECG interpretation in medical schools. Howev-
er, the optimal way to teach ECG interpretation
skills is still being debated."

Current research focuses on learning ECG in-
terpretation skills in a group setting. In this col-
laborative learning model based on a group dis-
cussion, students develop effective learning strat-
egies using social interactions.'? Other studies in-
dicated that online collaboration such as asyn-
chronous discussion also improves students’
achievements.'® Therefore, in our randomized
study, we compared the effectiveness of 2 e-learn-
ing strategies in developing ECG interpretation
skills among medical students: collaborative (C-
-eL) and self (S-eL) e-learning.

PATIENTS AND METHODS Study group Students
of the fifth year at the Faculty of Medicine of Ja-
giellonian University Medical College, Krakéw,
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Poland, were invited to participate in the study
by the Scientific Students’ Group via social media.
The first 60 students were enrolled to the study
and were randomly assigned in a 1:1 ratio us-
ing a computer-generated random allocation se-
quence to the C-eL or S-eL groups. C-eL students
were further randomly divided into 6 subgroups
of 5 students each.

Pretest Before starting the e-learning course, all
students were gathered together in a lecture room
and instructed about the study protocol. During
the meeting, students signed an informed con-
sent to be included in the study and then partic-
ipated in a pretest assessing their basic theoret-
ical knowledge on ECG interpretation. The pre-
test consisted of 10 questions about the reference
values of the PR interval, heart rate, definition of
respiratory sinus arrhythmia, types of supraven-
tricular arrhythmias, mechanism of the QRS com-
plexes, PQ interval, and conduction blocks, assess-
ment of the electrical axis of the heart, and no-
menclature connected with ECG leads. Each stu-
dent could achieve a maximum score of 10 points
(1 point for each question).

Learning materials ~ For the purpose of the study,
15 ECG cases were prepared. Each case included
basic information about the patient (age, sex),
a single 12-lead ECG recording, a comprehensive
description of the recording, and a set of ques-
tions about the recording with answers. The ques-
tions were as follows: “Is it a sinus rhythm?”, “Is
the rhythm regular?”, “What is the heart rate?”,
“What is the electrical axis of the heart?”, “Is
the PQ duration normal?”, “Is the QRS duration
normal?”, “Is the QT interval normal?”, “Are there
any significant ST changes?”, “Are there any path-
ological Q waves or QS patterns?”.

ECG abnormalities presented during the course
are listed in TABLE 1. ECG cases were prepared by
an experienced cardiologist and reviewed by
2 other cardiologists. The ECG course was based
on the Polish recommendations on ECG interpre-
tation, and all students were encouraged to use
these materials during the trial.''s

Selfe-learning  Students from the S-eL group re-
ceived an ECG case with a comprehensive descrip-
tion by email every second day. They were encour-
aged to analyze the recordings but were not asked
for any response during the course.

Collaborative e-learning  Students from the C-eL
group received consecutive ECG recordings by
email without any description. They were en-
couraged to analyze the recordings individual-
ly and answer the corresponding questions list-
ed above within 24 hours. Afterwards, they were
asked to cooperate in ECG interpretation with-
in their subgroups using a dedicated internet
platform and were expected to submit the final
answers to a study coordinator within the next
24 hours. The discussion within each subgroup
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TABLE 2 Correct answers to specific questions on electrocardiograms during

collaborative e-learning

Question Correct answers, n,
median (IQR)?
Is it a sinus rhythm? 14.0 (14.0-14.0)
Is the rhythm regular? 14.0 (14.0-14.0)
What is the heart rate? 14.0 (14.0-14.0)
What is the electrical axis of the heart? 12.5(12.0-14.0)
Is PQ duration normal? 14.0 (13.0-15.0)
Is QRS duration normal? 12.0 (12.0-13.0)
Is QT interval normal? 10.5 (9.0-13.0)
Are there any significant ST-segment changes? 10.0(9.0-11.0)
Are there any pathological Q waves or QS patterns? 14.0 (14.0-14.0)

a The maximal number of correct answers was 15 (one for each ECG case).

Abbreviations: IQR, interquartile range
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was moderated by a subgroup leader elected by
the students. After submission of the final inter-
pretation, students received the comprehensive
description of the ECG case (the same which was
sent to the S-eL students). The outcome of C-eL
was measured by the sum of correct answers to
each ECG case question (as listed above, 1 point
per 1 correct answer) and the number of correctly
diagnosed ECG abnormalities (1 point per 1 cor-
rect diagnosis). The maximum number of points
that could be obtained by each group during C-eL
was 170. To eliminate the risk of interaction be-
tween S-eL and C-eL students, S-eL was delayed
to C-eL by 24 hours.

The activity of C-eL students during the course
was assessed by the number of words written on
the internet platform during discussion on each
consecutive ECG case. The activity of S-eL stu-
dents was not monitored.

Final test and study endpoint At the end of
the study, students were invited to take an e-test,
which was performed on the internet platform
1 week after completion of the last ECG case.
The e-test consisted of 10 single-answer, multiple-
-choice, theoretical questions (1.5 minute for each
question) and 10 ECG recordings (5 minutes for
each recording). For every theoretical question,
the student could achieve 0 or 1 point. The final
score of ECG interpretation was a sum of points
obtained from a single ECG recording. Student
could collect a maximum of 1 point per ECG if all
ECG abnormalities had been diagnosed. Other-
wise, the student obtained a fraction of a point
calculated as the ratio of correctly diagnosed ab-
normalities in a single ECG recording to the num-
ber of all abnormalities present on the ECG re-
cording. The maximum score for this part of
the test was 10 points.

Students passed the final e-test if they obtained
at least 5.6 points (56% of the maximum score)
for ECG interpretation. The cutoff of 56% is cur-
rently used in the final medical examination (Pol-
ish, Lekarski Egzamin Koricowy), which is taken by
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the graduates of medical schools in order to be-
come licensed physicians in Poland. The main end-
point of the study was the number of students
who passed the final e-test.

Statistical analysis Continuous variables were
reported as median (interquartile range [IQR])
and categorical variables as numbers and per-
centages. The Mann-Whitney test was used for
the comparison of continuous variables between
the 2 groups, and the ¥? test was used for cate-
gorical variables. Correlations between 2 contin-
uous variables were assessed by Spearman rank
correlation analysis. Based on a study by Raupa-
ch et al,'® we assumed that at least 75% of C-eL
students and no more than 25% of S-eL students
would be able to pass the final test. For an o lev-
el of 0.05 and a f3 level of 0.2, the minimal num-
ber of students in each group was 19. The sig-
nificance level was set at an a level of 0.05. The
statistical analysis was performed with the Sta-
tistica software version 9.1 (StatSoft, Inc. 2010,
Tulsa, Oklahoma, United States), MedCalc ver-
sion 11.6.1.0 (MedCalc Software, Mariakerke, Bel-
gium), and STATA 14.1 (StataCorp, College Sta-
tion, Texas, United States).

RESULTS Characteristics of the study groups A to-
tal of 60 medical students of the fifth year were
enrolled to the study, including 21 men (35%)
and 39 women (65%). They were randomized
into 2 groups, C-eL and S-eL, each consisting of
30 students. The C-eL group was further divid-
ed randomly into 6 groups of 5 students each.
The final test was taken by 53 students includ-
ing 26 from the C-eL group and 27 from the S-eL
group (P = 0.68), and only these students were
included in the subsequent analysis.

Pretest The median (IQR) score obtained in
the pretest was similar between the C-eL and
S-eL groups: 10.0 (9.0-10.0) vs 9.0 (IQR, 9.0-
10.0), respectively, P = 0.35.

Collaborative e-learning During the course, all
C-eL subgroups answered all the ECG questions.
After an individual analysis of the 15 ECG cases,
students were able to correctly diagnose all ECG
abnormalities in a median (IQR) of 2 (1-3) record-
ings. After collaborative working, the C-eL sub-
groups identified all ECG abnormalities in a me-
dian (IQR) of 8 (6-9) recordings.

The subgroups 1 to 6 achieved 140, 133, 147,
131, 136, and 145 points in ECG interpretation,
respectively, and the median (IQR) score was
138 (133-145). The median numbers of correct
answers to specific ECG questions during collab-
orative e-learning are shown in 1ABLE 2. The least
correct answers were collected for identification
of QT-interval prolongation and ST-segment
abnormalities.

Students’ activity differed during the course
between the C-eL subgroups: the number of
words used in the discussion about ECG cases



were as follows (P <0.001): group 1, 4270; group
2, 4273; group 3, 5163; group 4, 2526; group 5,
1717; and group 6, 6408. This activity correlat-
ed with the score achieved by the groups during
C-eL (r=0.84,P =0.04).

Results of the final test in the collaborative and self
e-learning groups  The main endpoint of the study
was achieved in 20 students (77%) of the C-eL
group and in 13 students (48.1%) of the S-eL
group, P = 0.03. The median (IQR) final score of
ECG interpretation was 6.4 (5.8-7.6) in the C-eL
group and 5.6 (4.2-7.2) in the S-eL group, P =
0.04. The number of correctly interpreted ECG
recordings (all diagnoses in a single ECG record-
ing made correctly) was higher in the C-eL than
in the S-eL group (median [IQR], 4.0 [3.0-5.0] vs
3.0 [3.0-4.0], P = 0.04).

Students in the C-eL group were able to diag-
nose the following abnormalities more frequent-
ly than those in the S-eL group: ventricular extra-
systole, junctional escape rhythm in third-degree
atrioventricular block, left atrial enlargement, left
axis deviation, first-degree atrioventricular block,
left ventricular hypertrophy, and ST-segment el-
evation MI (FIGURE 1).

The result of the theoretical part of the final
test was similar between the C-eL and S-eL groups
(median [IQR], 8.0 [7.0-9.0] vs 8.0 [7.0-8.0] re-
spectively, P = 0.28). It correlated with the final
score of ECG interpretation (r = 0.42, P = 0.002).
Also, a positive correlation between the activi-
ty of students during collaborative learning and
the final score of ECG interpretation was found
(r=0.4,P=0.04).

DISCUSSION In this interventional study, 2 ECG
e-learning strategies among fifth-year medical
students were compared, and it was shown that
collaborative e-learning results in better out-
come than self e-learning. It was also shown that
the effect of training was related to the theoretical
knowledge of ECG gained throughout the course
and to the level of students’ activity during col-
laborative e-learning.

There is an ongoing debate on which strategy
for teaching ECG interpretation provides the best
results." A recent survey revealed that the most
frequently used strategy consisted of lectures and
teaching rounds.!” However, e-learning is used
more often in medical education given the many
advantages such as overcoming barriers of dis-
tance, facilitating methods inaccessible to other
teaching strategies, and providing more individ-
ualized approach.'®'® Recently, O’Brien et al'’ es-
timated that 17% of ECG courses are organized
using a web-based design.

In a review on ECG-learning strategies by Fent
et al," no method was identified as the most ef-
fective. E-learning and traditional ECG educa-
tion were also compared in 2 recent randomized
controlled trials. In a study by Montassier et al,?
e-learning course on ECG was shown to be as ef-
fective as traditional lecture-based teaching. It is
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worth noting that both modes of teaching used
the same educational materials. These findings
are consistent with the results of a meta-analysis
which showed that e-learning is neither inher-
ently superior nor inferior to traditional meth-
ods of teaching.”’ These results encouraged us to
investigate the effectiveness of different e-learn-
ing strategies.

In our study, 2 e-learning strategies were
tested. The first (S-eL) represented a more tra-
ditional model of education in which students
were provided with educational materials dur-
ing the course and had their skills tested after
completion of the course. In the second method
(C-eL) students were expected to actively partic-
ipate in the education process. Each of them was
asked to analyze ECG in 15 different sessions and
to respond to a set of questions. Then, students
were invited to a group discussion about each ECG
and were expected to decide together about the fi-
nal interpretation. We think that the stimulat-
ing environment of collaborative e-learning was
the main cause of a better outcome in the C-eL as
compared with the S-eL group. Self-directed and
presentation-based e-learning were recently com-
pared by Fent et al.?? In this randomized trial, stu-
dents were provided with an internet-based, self-
-directed ECG teaching package containing 3-di-
mensional animations of the heart conductive
tissue or standard presentations delivered by ex-
perienced cardiologists. Despite the fact that stu-
dents gave positive feedback on the new method,
there were no differences in ECG interpretation
competency between the 2 studied groups at the
end of the study. Of note, students were not per-
mitted to ask questions regarding ECG interpre-
tation or participate in any form of collaboration
with other students during the course.

We found that the different C-eL subgroups
showed a different level of collaboration during
the course. Whether these differences in activity
resulted from individual capabilities or other stu-
dent activities at the time of the course remains
a matter of discussion. Importantly, the inten-
sity of collaboration correlated positively with
the final score of each student. Therefore, we
can assume that appropriate motivation of stu-
dents to collaborate during ECG education may
have significant impact on its results. This was
highlighted by Raupach et al,'® who revealed that
anear-peer teaching, a method of teaching where
an older student of the same faculty is a tutor,?
was more effective than traditional seminars. Of
note, the effect provided by near-peer teaching
was lost when students were further motivated
to work by a summative assessment.

Our study confirmed that a web-based small-
-group teaching is effective and well received by
students as reflected by a low dropout rate. More-
over, this particular format of teaching could
also be combined with other effective face-to-
-face methods, in a blended-learning fashion, to
further enhance the effectiveness of ECG educa-
tion. Recent reports of blended-learning courses
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Frequency of correct diagnoses of several electrocardiographic abnormalities presented at the final test in collaborative (C-eL) and self-
-learning (S-eL) groups
Abbreviations: AF, atrial fibrillation; AFI, atrial flutter; ECG, electrocardiogram; LAD, left axis deviation; LAH, left anterior hemiblock; LAE, left atrial
enlargement; LVH, left ventricular hypertrophy; VES, ventricular extrasystole; others, see TABLE 1
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of ECG interpretation also highlighted their effec-
tiveness.?*?5 Additionally, an appropriate meth-
od of assessment is also a significant component
of a good ECG teaching course. 626

Our study shows that practical skills in ECG in-
terpretation among medical students are poor de-
spite a relatively good level of theoretical knowl-
edge. This observation is consistent with the re-
sults of our previous web-based survey, in which
most medical students of clinical years (86%) were
able to correctly interpret the primary ECG pa-
rameters such as heart rate, heart rhythm, and
electrical axis of the heart, but only 58% were able
to identify common ECG abnormalities such as
ischemia, rhythm disorders, and cardiac chamber
hypertrophy.”® In another study, an accuracy of
52% in interpreting various ECGs among final-
-year medical students from New Zealand was re-
vealed.?’ Jablonover et al?® reported an accuracy
of 37% in ECG interpretation among 231 grad-
uates. Although there is a considerable discrep-
ancy in the accuracy (17% vs 63%) in ECG inter-
pretation between students as reported by dif-
ferent studies, this basic competency seems to
be inadequate.®

Strengths and limitations Our study has sev-
eral strengths. First, to our knowledge, this is
the first study to compare web-based small-group
ECG teaching with standard e-learning. Second,
arandomized trial design allowed us to minimize
the allocation bias. Next, a web-based approach
was useful to quantitatively assess the level of
activity during collaborative e-learning, which
would be difficult to obtain in a traditional mode
of teaching.

There are also several limitations that should
be considered. It was a single-center study and
therefore it would be of value to validate our data
in a larger sample of students from different med-
ical centers. However, the ECG curriculum is not
unified in medical universities in Poland; there-
fore, students from different universities might
have a different level of ECG knowledge at base-
line. This could bias the results of a multicenter
study. Due to this limitation, to the best of our
knowledge, all the studies that have compared
2 methods of teaching of ECG interpretation in
medical students so far had a single-center de-
sign. 16.20.22.24
roll students at the same level of education with
similar knowledge on ECG at baseline, as shown
by the pretest results.

The final assessment was conducted a few days
after completion of the study, which represents
a short-term effect. We do not know if this ef-
fect lasted over time. However, the assessment
of the long-term result could be significantly bi-
ased by differences in access to ECG education
of the participating students after completion of
the course. It is possible that some external fac-
tors may have influenced students’ performance
at the final test. During the study period, stu-
dents participated in standard classes and clinical

29.30 In our study, we were able to en-
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rounds that could differ between students. How-
ever, the study period was planned in between ex-
amination sessions to exclude potential distrac-
tions from the course. What is more, the course
was facultative and we believe that only students
interested in ECG learning applied. To minimize
the potential role of additional academic commit-
ments, the time from baseline to the final test was
limited to 5 weeks.

It is estimated that competency in ECG inter-
pretation can decrease from 30% to 50% during
follow-up.'8243% Nevertheless, there is evidence
that the decline in ECG competency is inversely
correlated with the final performance of students
at the end of the course.’8 Based on this, we can
assume that students in the C-eL group will per-
form better than the S-eL students in the future.
But we also recognize that one teaching method
might provide better retention of knowledge than
others; therefore, there is still a need to confirm
the long-term effect of collaborative learning of
ECG interpretation in students or other groups
of medical professions. We believe that our re-
sults may be used to appropriately plan such fu-
ture trials.

We noted a similar dropout rate in the S-eL and
C-eL groups: 13% and 10%, respectively. We spec-
ulate that because the participation in the final
test was voluntary, some students decided to omit
the test. An email was sent to each participant
with a reminder about the exact time and place of
the final test. We did not allow students to partic-
ipate in another attempt because of the possible
risk of interaction with other students.

Only fifth-year students were enrolled in
the study, although in our previous study there
were no differences in ECG competency between
fourth-, fifth-, and sixth-year students.'” A vol-
untary participation in the study might generate
a disproportionate number of students more in-
terested in cardiology or electrophysiology, which
could have potentially introduced a selection bias.

Conclusions  Collaborative e-learning of electro-
cardiography among fifth-year medical students
resulted in a better outcome than self e-learning.
Its effect was related to the theoretical knowl-
edge of ECG gained throughout the course and to
the level of students’ activity during C-eL.
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