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Abstract

Background: Competency in electrocardiogram (ECG) interpreta-
tion is central to undergraduate and postgraduate clinical training.
Studies have demonstrated ECGs are interpreted sub-optimally.
Our study compares the effectiveness of two learning strategies to
improve competence and confidence.

Method: A 1-month prospective randomized study compared the
strategies in two cohorts: undergraduate third year medical students
and postgraduate foundation year one (FY1) doctors. Both had
blinded randomization to one of these learning strategies: focused
teaching program (FTP) and self-directed learning (SDL). All vol-
unteers completed a confidence questionnaire before and after al-
location learning strategy and an ECG recognition multiple choice
question (MCQ) paper at the end of the learning period.

Results: The FTP group of undergraduates demonstrated a signifi-
cant difference in successfully interpreting “ventricular tachycar-
dia” (P = 0.046) and “narrow complex tachycardia” (P = 0.009)
than the SDL group. Participant confidence increased in both learn-
ing strategies. FTP confidence demonstrated a greater improvement
than SDL for both cohorts.

Conclusion: A dedicated teaching program can improve trainee
confidence and competence in ECG interpretation. A larger benefit
is observed in undergraduates and those undertaking a FTP.
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Introduction

The electrocardiogram (ECG) is the most commonly used
diagnostic test in modern medicine [1]. ECG interpretation
forms a core investigative skill of the physician [2, 3]. It is
essential for undergraduate and postgraduate trainees to be-
come competent in this skill [3]. British postgraduate train-
ing lists ECG interpretation as a core skill and one where
competence needs to be achieved within the first year of
practice. The Foundation Curriculum 2010 (FC 2010) used
by all British foundation doctors stipulates that they must be
able to “recognize and interpret ECGs” [4]. There are spe-
cific abnormalities on 12-lead ECGs and rhythm strips that
should be interpretable to be deemed competent (Fig. 1).

Despite the emphasis put on ECG interpretation in the FC
2010, many do not achieve the desired standard [4]. Multiple
studies demonstrate that many foundation year one (FY1)
doctors, senior house officers and attending physicians inter-
preted ECGs incorrectly [5, 6]. In 2000, a British study of 46
graduated final year medical students were tested on recogni-
tion of several, common ECG findings including those in the
FC 2010 [4, 7]; 9% rated themselves as “comfortable” with
ECG interpretation [7]. Complete heart block, atrial fibrilla-
tion and inferior myocardial infarction were only identified
correctly in 67%, 54% and 61% respectively. This study did
not include a clinical history with the ECG and this can im-
prove interpretation by 4-12% [8]. A retrospective analysis
of 1,000 emergency department cases and ECGs found that
38 patients had been discharged with “abnormalities that
could potentially alter case management” [9].

Undergraduate and postgraduate training does not con-
sistently deliver satisfactory competency in ECG interpre-
tation. Traditional learning strategies alone are not achiev-
ing curriculum objectives. Mahler et al considered whether
ECG interpretation was better taught through self-directed
learning (SDL), lectures or workshops for American medical
students [10]. Two hundred and twenty-three students were
randomized to one of these three learning strategies [10].
All formats demonstrated some improvement in educational
scores. However lectures and workshops improved scores
significantly more than SDL format alone [10].

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ | www.cardiologyres.org 51
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited



McAloon et al

Cardiol Res. 2014;5(2):51-57

ECG’s Foundation Curriculum 2010 states should be recognised and interpreted correctly

1. Normal pattern
Common QRS abnormalities

3. Left bundle branch block (LBBB), Right bundle branch block (RBBB), Left ventricular
hypertrophy, Right ventricular hypertrophy,
4, Acute ST elevation myocardial infarction (STEMI) and None ST elevation myocardial

infarction (NSTEMI)
5. Bradycardia

6. Broad and Narrow complex tachyarrthymias

7. Hyperkalaemia

Ventricular tachycardia (VT) and Ventricular fibrillation (VF)

Figure 1. Foundation Curriculum 2010.

Current learning strategies may not be not succeeding
in producing undergraduate or postgraduate medical trainees
competent in ECG interpretation. There may be an overreli-
ance on SDL, and alone this may not always allow medical
trainees to achieve competence. Alternative learning strate-
gies should be evaluated and analyzed.

Aims

1) To assess the effect of two different learning strategies
(focused teaching program (FTP) and SDL) on confidence
in ECG interpretation for undergraduate and postgraduate
medical trainees.

2) To assess the effect of two different learning strategies
(FTP and SDL) on competence in ECG interpretation for un-
dergraduate and postgraduate medical trainees.

Method

A prospective randomized study was carried out over a
1-month period comparing two learning strategies in two co-

Table 1. Demographics of the Volunteers

horts: undergraduate third year medical students (first clini-
cal rotations) and postgraduate FY1 doctors. Both cohorts
had blinded randomization to one of these learning strate-
gies: FTP and SDL. All participants volunteered prior to ran-
domization. The study took place between October and No-
vember 2012. Randomization was performed using sealed
envelopes. All groups were instructed to continue with their
normal educational programs during the period of learning
strategy implementation. The FTP was designed and deliv-
ered by one author (CM), who was blinded to randomization.

Prior to undergoing either learning strategy, all par-
ticipants were invited to complete a questionnaire on confi-
dence and competence. The questionnaire was online (Www.
surveymonkey.com) to increase response rate. Following
completion of the assigned learning strategy, participants
completed a repeat confidence and competence question-
naire. Additionally under examination conditions, the volun-
teers were asked to complete a multiple choice questionnaire
(MCQ) on ECG recognition for objective assessment of
competence. The MCQ was set by two independent consul-
tant cardiologists aware of the FC 2010. The MCQ difficulty
was altered to an appropriate standard for each cohort.

Third year medical students (25) FY1 (21)

FTP (13) SDL (12) FTP (11) SDL (10)
Gender % (no. of male) 15.4% (2) 38.5% (5) 65.5% (6) 45.5% (5)
Age range (mean) 20-31(22) 20-30(21) 23-33(25) 23 -28(26)

FTP: focused teaching program; SDL: self-directed learning; FY1: foundation year one.
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Table 2. Confidence Ratings Before and After Learning Strategy

Third year students FY1 doctors
Confidence rating
After FTP After SDL After FTP After SDL
Before (25) 3) 12) Before (21) (10) an
Very poor 60% (15) 0% (0) 16.7% (2) 0% (0) 0 0
Poor 36% (9) 38.5% (5) 75% (9) 19.1% (4) 10% (1) 27.3% (3)
Satisfactory 4% (1) 46.2% (6) 83 % (1) 66.6% (14)  60% (6) 72.7% (8)
Good 0(0) 7.7% (1) 0% (0) 4.8% (1) 30% (3) 0% (0)
No response 0(0) 7.7% (1) 0% (0) 9.5% (2) 0% (0) 0% (0)

FTP: focused teaching program; SDL: self-directed learning; FY1: foundation year one.

The FTP groups (one per cohort) undertook a series of
seminars focusing on becoming competent on ECG inter-
pretation to the FC 2010 standard [4]. The FY1 group had
three 1-h sessions, the third year medical students had four
1-h sessions. Topic areas covered were “ECG basics”, “isch-
emia”, “arrhythmias” and “special circumstances”. There
was a workbook used in support of the arrhythmia semi-
nar. SDL groups were provided with objectives but had no
formal teaching. All participants were told to continue with
their educational routine and attend the normal educational
programme.

Ethical approval

Involvement in the study was on a voluntary basis. Permis-
sion was given by the Foundation Year One Supervisor and
the Undergraduate Dean for the local district general hospi-
tal.

Statistical analysis

Statistical analysis was performed using STATA 11.2 (Stata-
Corp, Texas). The objective assessment was analyzed using
a two-tailed #-test with a confidence interval set at 95%.

Results

There were 26 FY1 doctors and 36 third year medical stu-
dents based at Worcester Royal Hospital during the study
period. All were invited to participate in the study. Twenty-
one FY1s and 25 third year medical students volunteered,
representing an 80.1% and 69.4% response rate respectively.
Randomization allocated volunteers to either intervention
group: FY1 (FTP 11, SDL 10 ) and third year medical stu-
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dents (FTP 13, SDL 12).
Demographics

Table 1 demonstrates the demographics of each group within
each cohort.

Previous ECG interpretation learning

Thirty-six percent (n = 9) of the third year medical students
had undergone formal ECG teaching. Thirty-two percent (n
= 8) listed the educational format as “lectures”.

All FY1s had previous formal training in ECG interpre-
tation. Seventy-three point six percent (n = 14) of FY1s had
previously undertaken SDL. The commonest educational
format for 84% (n = 16) was “small group seminars” fol-
lowed by “lecture” for 47% [9]. None of the FY1 cohort had
“e-learning” experience.

Attendance in FTP

There were four specific seminars for the third year medical
student FTP group; 76.9% (n = 10) attended all four sessions,
with 25.4% (n = 3) attending three sessions. Attendance was
impacted by other teaching and days not on placement.

The FY1s had three specific sessions allocated to their
FTP group. There was a reduced attendance with 40% (n =
4) attending three sessions, 40% (n = 4) attending two and
20% (n = 2) attending one session. The FY1s had a lower
attendance due to annual leave, on-call (day or night) or had
other commitments.

SDL study time

Fifty percent (n = 6) of the third year medical students SDL
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Figure 2. (a) Individual ratings whether they are confident in being able to interpret specfic ECGs before undergo-
ing learning strategy. (b) Individual ratings whether they are confident in being able to interpret specfic ECG after
undergoing learning strategy.*Total initial FY1 response rate reduced as two members cohort did not respond.
FTP: focused teaching program; SDL: self-directed learning; FY1: foundation year one.

group spent 1 - 2 h on SDL. One student did not do any SDL
during the observation period.

The FY1 SDL group all spent at least 1 h learning about
ECG interpretation. The maximum time spent was 1 - 2 h
which was performed by 36.4% (n = 4).

Confidence in ECG interpretation

The same confidence questionnaire was used before and
after the interventions. Table 2 demonstrates participant’s
perception of their own confidence in ECG interpretation.
Comparison is made within groups between each cohort un-
dergoing different learning strategies. Figure 2 demonstrates
participant’s perception of their own confidence to interpret
specific ECGs (specific 12-lead ECG and rhythm strips) be-

54
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fore and after the undertaken learning strategy. The percep-
tion of cohort confidence increased for all third year medical
students, with a greater improvement in the FDL group for
all ECGs. The FY1s had had a small increase in their con-
fidence in both groups with no difference between learning
strategy.

Participants were asked to state how often they needed
to ask for clarification regarding their interpretation of an
ECG, before and after learning strategy. Table 3 outlines the
frequency needed for clarification before and after learning
strategy.

Objective assessment of ECG interpretation

Participants underwent an MCQ assessment of their ECG

www.cardiologyres.org
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Table 3. Frequency of Clarification About ECG

Third year students FY1 doctors
Frequency of
asking for help
Before (25) After FTP After SDL Before (21) After FTP After SDL
(13) (12) (10) (48))
Never 0% (0) 0% (0) 8.3% (1) 0% (0) 0% (0) 0
Occasionally 4% (1) 15.4% (2) 8.3% (1) 4.7% (1) 80% (8) 63.6% (6)
Often 8% (2) 46.2% (6) 25% (3) 33.3% (7) 20% (2) 36.4% (3)
Always 88% (22) 38.5% (5) 58.3% (7) 52.3% (11) 0% (0) 0
No response 0% (0) 0% (0) 0% (0) 9.5% (2) 0% (0) 0% (0)

FTP: focused teaching program; SDL: self-directed learning; FY1: foundation year one.

interpretation competence. The third year medical students
and FY Is were asked about the same ECG for each question,
but questions were worded differently between each cohort
based on the standard expected at that level. Table 4 repre-
sents number of correct answers per question and statistical
analysis between cohort’s responses. For individual ECG in-
terpretation, there were no significant differences between
each FY1 group. The third medical students in the FTP group
interpreted “ventricular tachycardia” and “regular narrow
complex tachycardia” significantly better than their SDL
counterparts.

Discussion

ECG interpretation is a core clinical skill required as a doctor.
Junior doctor’s confidence and competence has been demon-
strated to be unsatisfactory, with potential poor diagnostic
and management skills as a result [5, 6, 9]. Undergraduates
do not always receive teaching on ECG interpretation and
this can impact confidence [7]. The effectiveness of formal
teaching is better than SDL alone [10]. This problem is rec-
ognized in the UK. The FC 2010 emphasizes the importance
of obtaining this core skill at an early stage in postgraduate
training [4].

In a UK district general hospital, we have demonstrated
a low level of confidence in ECG interpretation at the un-
dergraduate and postgraduate level. The low level of confi-
dence in the undergraduates at the start of their first clinical
rotation could be expected as there may have been limited
prior teaching on ECG interpretation. The postgraduate par-
ticipant’s low level of confidence in ECG interpretation is a
greater concern. Postgraduates were more confident at rec-
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ognizing life-threatening ECG rhythms (ventricular tachy-
cardia and fibrillation) than other common ECG rhythms
(complete heart block, atrial flutter). A possible explanation
for this could be the recent attendance at the advanced life
support course. FY 1s achieved a high level of correct inter-
pretation on the MCQ reflecting the improved self-rated con-
fidence for life-threatening rhythms. Other rhythms outlined
in the FC 2010 (right and left bundle branch block) were not
interpreted correctly by many FY1 participants.

Overall confidence improved for all participants, with a
greater improvement in the undergraduate group. The FTP
cohort demonstrated a small improvement in confidence in
the postgraduate group and a larger improvement in the un-
dergraduate group. The undergraduate FTP cohort demon-
strated a greater improvement in confidence for recognition
of all ECGs and rhythms (except atrial flutter) than the SDL
cohort. Postgraduate cohorts demonstrate no difference in
confidence for specific ECG recognition.

The MCQ performance for the undergraduates demon-
strated a difference between both cohorts in their level of
successful ECG interpretation. The FTP cohort achieved
better marks for several ECGs including significantly bet-
ter for ventricular tachycardia and regular narrow complex
tachycardia. The workbook covers these ECGs in detail and
may offer an explanation to the reason why the FTP group
obtained higher scores. The postgraduates achieved simi-
lar success rates of correct interpretation on the MCQ ir-
relevant of which learning strategy they were assigned to.
Both cohorts achieved a high correct interpretation rate for
life-threatening rhythms. However, both cohorts had a lower
interpretation rate for left bundle branch block and second
degree heart block.

The study is limited due to low numbers of participants
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Table 4. MCQ Successful Response Rate

Third year medical students (n = 25)

FY1 (n=21)

FTP: correct SDL: correct

FTP: correct SDL: correct

ECGs interpreted  responses (n = responses (n P value responses (n  responses (n P value
13) =12) =10) =11)

Ventricular 92.2% (12) 58.3% (7) 0.0469 100% (10) 90.9% (10) 0.3286
tachycardia (Q1)

Atrial fibrillation 61.5% (8) 58.3% (7) 0.8702 100% (10) 100% (11) n/a
(Q2)

Inferior STEMI 92.2% (12) 91.6% (11) 0.9529 90% (9) 100% (11) 0.2825
(Q3)

Regular narrow 76.9% (10) 25% (3) 0.0094 100% (10) 90.9% (10) 0.3286
complex

tachycardia (Q4)

Complete heart 23.1% (3) 33.3% (4) 0.5683 80% (8) 81.8% (9) 0.9156
block (Q5)
Atrial flutter 4:1 92.2% (12) 91.6% (11) 0.9529 80% (8) 81.8% (9) 0.9156
block (Q6)
Hyperkalaemia 76.9% (10) 83.3% (10) 0.6889 100% (10) 90.9% (10) 0.3286
Q7)

Right bundle branch  46.2% (6) 41.7% (5) 0.8213 100% (10) 90.9% (10) 0.3286
block (Q8)

Left bundle branch ~ 23.1% (3) 41.7% (5) 0.3195 50% (5) 45.5% (5) 0.835
block (Q9)
First degree heart 23.1% (3) 33.3% (4) 0.5683 80% (8) 90.9% (10) 0.4755
block (Q10)

Wenkebach - 61.5% (8) 33.3% (4) 0.1585 60% (6) 54.5% (6) 0.8008
second degree heart

block (Q11)

FTP: focused teaching program; SDL: self-directed learning; FY1: foundation year one.

involved. Additionally attendance rates at all sessions were
variable due to other factors. A further study on a larger scale
would minimize these factors.

The study demonstrates baseline levels of confidence
and competence in ECG interpretation stands in a modern
cohort of undergraduates at the start of their clinical experi-
ence and postgraduates. The level of perceived confidence
amongst postgraduate doctors (FY1) may be of concern.
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The objective assessment of competence is greater than per-
ceived confidence for most specific ECGs. Undergraduates
demonstrated the greatest improvement in confidence and
competence having undergone an FTP. A focused teaching
strategy benefits undergraduates with less experience than
postgraduates. SDL alone for undergraduates does not maxi-
mize the potential benefits in achieving learning objectives.
Postgraduates seem to benefit less from FTP, but there is a
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confidence improvement that should not be underestimated.
A cost neutral FTP strategy offers the potential for doctors to
achieve the acquired standard in ECG interpretation in both
undergraduate and postgraduate training.
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