Research

This open-access article is distributed under
Creative Commons licence CC-BY-NC 4.0.

The electrocardiogram made (really) easy: Using small-group tutorials
to teach electrocardiogram interpretation to final-year
medical students
M P Jama,1 BCur, PGDCH, MHE, PhD; J A Coetser,2 MB ChB, MMed (Int Med)
1

Division of Health Sciences Education, Office of the Dean, Faculty of Health Sciences, University of the Free State, Bloemfontein, South Africa

2

Department of Internal Medicine, Medical Education Unit, School of Medicine, Faculty of Health Sciences, University of the Free State, Bloemfontein, South Africa

Corresponding author: M Jama (jamamp@ufs.ac.za)

Background. Since the 1990s, studies have reported the inability of medical schools to equip students with knowledge and skills to interpret an electrocardiogram
(ECG). This has also been the case at the School of Medicine, University of the Free State, Bloemfontein, South Africa, with external examiners in the final
examinations repeatedly commenting on the poor performance of students with regard to interpreting ECGs. Subsequently, the Department of Internal
Medicine designed small-group tutorials using animations and analogies as methods to improve the ECG interpretation skills of students.
Objectives. To improve students’ ability to interpret ECGs and assess their perceptions of the tutorials.
Methods. A questionnaire was administered to 67 final-year medical students after their internal medicine rotation in 2012. The objective of the
questionnaire was to obtain feedback on students’ experiences and perceptions of ECG tutorials.
Results. Although the results do not provide evidence that the abovementioned methods improved the students’ competency to interpret ECGs, the
limited findings from their perceptions might assist in the further use and improvement of such an approach to facilitate learning.
Conclusion. This article highlights the responsive efforts and willingness of registrars in the Department of Internal Medicine to improve the teaching
of a major and frequently used investigation such as the ECG, and how registrars formalised these two methods into tutorials.
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Despite being one of the most frequently used investigations in medical
practice, studies in the 1990s revealed that some doctors lack basic skills
when interpreting an electrocardiogram (ECG).[1,2] These findings were
disturbing, as the optimal management of a number of potentially lifethreatening conditions requires prompt and accurate interpretation of
an ECG. Recommendations were made to improve the teaching of ECG
interpretation.[1] Regrettably, even in the 21st century, studies suggest that
medical schools struggle to equip students with the knowledge and skills
to interpret ECGs.[3-5] This has also been the case at the School of Medicine
(SoM), University of the Free State (UFS), Bloemfontein, South Africa, with
external examiners in the final examinations repeatedly commenting on the
poor performance of students in interpreting ECGs.
One of the reasons why students struggle to interpret ECGs could be
that most medical education teachers have primarily had lecture-based
experiences, with no role-models who employed other strategies, such
as tutoring.[6] Because of limited training on how to teach students, these
teachers are more proficient as traditional lecturers and subject matter
experts. Understandably, they tend to feel uncomfortable in assuming
the role of a tutor. When they assume this role, they become passive and
uninvolved, which is contrary to the principles of tutoring, which require
active learning strategies.[6] These are student-centred strategies that engage
students in learning activities, providing opportunities to reflect, evaluate,
analyse and synthesise information, thus improving memory and test
performance.[7]
Generally, most tutor programmes are peer facilitated and led, with senior
students assuming these roles. There has been debate on whether tutors
should be content experts, with some arguing that a number of content
experts do not necessarily have the skills to facilitate the process of learning.
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However, the main focus in tutoring is to combine the process of learning
and mastery of content;[8] hence the importance of training tutors. At UFS,
all the tutors undergo compulsory training, during which they are equipped
with skills to apply active learning strategies. This is also the case with
registrars who tutor final-year students with regard to ECGs.

Context

Undergraduate training for medical students at SoM, UFS is offered as
a 5-year programme, leading to a degree in medicine (MBChB) and is
structured in three phases. In phases I and II, the content of the curriculum
is arranged in thematic or system-based modules, while phase III is devoted
to clinical medicine. Students commence clinical training in their 3rd year,
during which they are introduced to internal medicine, surgery, paediatrics,
obstetrics and gynaecology, and psychiatry. Training in ECG interpretation
includes formal lectures on electrophysiology during the preclinical years,
and didactic ECG interpretation lectures during the clinical years.[9]

New academic tutorial programme

In an attempt to improve final-year medical students’ knowledge and skills
in ECG interpretation, the Department of Internal Medicine developed a
tutorial programme in 2011 to form part of the New Academic Tutorial
Programme (NATP). NATP is one of the university’s support programmes
established in 2007, designed to provide students with the opportunity
to receive feedback on their understanding of concepts and further help
them to develop the required skills to maximise their chances of success
in module-specific assessment. The design and implementation of the
programme is based on the principles of supplemental instruction.[10] This
is an academic support programme that was developed at the University of
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Missouri, Kansas, USA in 1973, with the objective to specifically increase
academic performance of students in traditionally ‘high-risk’ subjects as
opposed to ‘high-risk’ students.[10,11]
Unlike the peer-facilitated model used in supplemental instruction and
other departments at the university, where senior students tutor junior students, tutorials in the Department of Medicine are facilitated by registrars.
All the tutors in NATP, including registrars, are trained, equipping them, for
example, with skills to facilitate learning using active learning strategies. At
SoM, the programme is customised by using small-group tutorials to equip
students with knowledge and skills to interpret an ECG. Although the attendance is not compulsory, all final-year students attend the ECG tutorials.
Initially, only one tutorial session per small group was offered, but on
demand by the students, it was later increased to two sessions on consecutive days. In the first session, the electrophysiological principles behind ECG
tracings of common cardiac conditions are reviewed. Methods such as animations and analogies are used to facilitate learning and promote retention of
knowledge. The second session is more practical and various ECG examples
are interpreted by applying principles learnt in the previous session.

Small-group tutorials

Small-group tutorials have been advocated as a way of promoting active
learning for medical students, thus providing opportunities for interactive
demonstrations,[12,13] as is the case for medical students at UFS. This method of
teaching is an important component of medical education, especially in curricula
that employ problem-based learning.[13] Steinert[14] identified characteristics
of small-group teaching that include the following: (i) tutor characteristics;
(ii) a non-threatening group atmosphere; (iii) group interactions; (iv) clinical
relevance and integration; and (v) pedagogic material that encourages problemsolving and thinking. Moreover, small-group teaching is one of the common
features of teaching in the clinical years, especially when facilitated by a
respected staff member who is a role-model.[15,16] Clinical medical teachers seem
willing to facilitate small-group teaching.[15,17] However, the challenge facing
medical schools is to implement programmes that allow these teachers to act
as role-models and mentors for students.[18] Opportunely, in the case of SoM,
NATP has provided an environment for willing registrars to act as tutors and
become role-models and mentors. Small-group discussions have been found
to enhance retention of knowledge, while positively affecting motivation and
activation of prior knowledge.[19] In combination with these tutorials, the
registrar/resident responsible for teaching ECGs incorporated animations and
the use of analogy to assist students in gaining knowledge and skills in ECG
interpretation.

pathways, one for verbal (words) inputs and another for visual (images)
inputs’. Consequently, learning can be more effective when information
is received via visual and verbal inputs. Also, animations can support
the knowledge-building process.[24] The visualisations and symbols
enhance human cognitive capacities and facilitate transfer of concepts and
information, but they must be accompanied by pre- and post-explanations
and discussion to address misinterpretations.[24] Applying these ideas,
the registrar responsible for the ECG small-group tutorials designed
animations using Paint (Microsoft, USA) and PowerPoint (Microsoft, USA)
to enable students to visualise ECG changes. In particular, an animation
was used to explain the prolongation of the PR interval, depicting the heart
and its conduction system on the left and an ECG tracing on the right,
where the PR interval prolonged subsequent to the impulse delay in the
atrioventricular node.

Analogies

Another method employed during the tutorials was the use of an analogy,
which is defined as a process where similarities between two concepts are
identified. One concept is familiar (the analogue) and the other unfamiliar,
usually a scientific concept (the target).[25] Stated differently, analogies assist
in describing or explaining unfamiliar concepts or phenomena by referring
to another situation that is similar to the situation being considered.[25] Bryce
and McMillan[26] also refer to the term ‘bridging analogies’, where the learner
is taken from the easily understood everyday base analogy to the target
concept through a series of intermediate analogies intended to smooth the
transition between familiar and unfamiliar concepts. Teachers can therefore
integrate analogies in their teaching to assist students’ conceptual understanding of a phenomenon, mindful that most students must be familiar
with the analogy for it to be effective.[27]
A familiar analogy was used in the tutorials to create context, provide a
general outcome, and bridge unfamiliar and familiar concepts by referring
to the popular movie, The Matrix, produced by the Wachowski brothers
in 1999. Just as the main character Neo and his counterparts were able to
discern real-world images in squiggles on a computer screen, a student
could, by the completion of the sessions, expect to ‘see’ what is occurring in
the conduction system of the heart by looking at the squiggles of an ECG
tracing. During the session, students were often encouraged to go into the
‘matrix mode’ when dealing with gradually more complex ECG problems.
Another successful analogy was used to assist students with the conceptual
understanding of a grade 2 atrioventricular block (Mobitz type 1) (Fig. 1).

Animations

Teachers are constantly looking for ways to integrate theory and practice by
using new technology, thus helping students to experience innovative, more
attractive and effective forms of learning.[20,21] Using methods such as animations,
phenomena that might be difficult to visualise can be illustrated, with the possible
added advantage of depicting dynamic information explicitly.[20-23]
Computer animations can be used effectively in medical education by
illustrating dynamic changes over time and location, while facilitating
understanding of complex concepts, systems, or structures, thus allowing
visualisation of relationships among component parts.[20] The use of
animations in teaching and learning contributes to what Ruiz et al.[23] refer
to as cognitive theory of multimedia learning, which purports that ‘people
receive and process information via two separate but interdependent

Fig. 1. Wenckebach v. the disinterested girlfriend. In this analogy, a boyfriend sends
his girlfriend an email, represented by the P-wave (A). The girlfriend’s reply is
represented by the QRS complex (B), while the time she takes to reply is represented
by the PR interval (C). As the girlfriend loses interest, she takes even longer to reply
(the increasing PR interval), until one day, she does not reply (D). Ultimately, the
boyfriend gets a new girlfriend (E).
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A questionnaire was administered to 67 final-year medical students after
their rotation in internal medicine in 2012. Of these students, 25 were
from the English and 42 from the Afrikaans class. Students were requested
to write about their experiences and perceptions of the ECG tutorials. A
response rate of 100% was achieved. The main objective of the questionnaire
was to obtain information on the students’ self-perception of the ECG
tutorials, which can broadly refer to a variety of variables, such as academic
success or failure.[28] Moreover, students’ performance can be associated with
how they feel about themselves, with some studies suggesting that there is a
positive relationship between self-perception and academic outcomes.[29] In
some cases, students’ self-perception can be better predictors of academic
performance than objective measures.[30] In this study, self-perception refers
to the final-year students’ own perception of how the use of small-group
tutorials aided them in interpreting ECGs.
The responses from the questionnaire were read and re-read to obtain a
sense of the data, thus discovering meanings, patterns and connections.[31]
Furthermore, the data were coded to break these down into categories and
themes, and to conceptualise and link the themes to the students’ written

responses.[32] Three main categories were identified: (i) positive perceptions;
(ii) negative perceptions; and (iii) suggestions.

Results

Tables 1 - 3 show the three main categories, themes, number of responses per
theme and examples of actual statements from students.

Discussion

Although the results are limited to a small group of students, most of them
had positive perceptions about the tutorials. It seems as though the tutorials
might have assisted these students to simplify and clarify ECG interpretation.
The use of Microsoft Paint and Power Point as animations might have aided
in visualising difficult phenomena and making the information explicit.[20-23]
Also, it seems as if the use of animations and analogies within the small-group
tutorials provided the students with an approach to and an understanding of
the interpretation of an ECG. The use of The Matrix movie, encouraging the
students to go into a ‘matrix mode’ and the girlfriend and boyfriend analogy
might have aided them with understanding more complex phenomena, thus
assisting with conceptual understanding.[27]

Table 1. Positive perceptions
Theme

Students, n (%)

Actual statements

Tutorials aid in simplifying/
clarifying ECG interpretation

27 (40)

‘Session was most informative and simplified.’
‘The ECG tutorial helped me to understand interpreting an ECG in a much more easy and meaningful way.’
‘It gave me a lot of clarity.’
‘I enjoyed this method of teaching, it is simple and understandable.’

Tutorials help with an approach
to interpreting an ECG

23 (34)

‘Very helpful in my approach to ECGs and helped a lot with practical ways to interpret an ECG when you
do not have ages to sit in front of the ECG.’
‘It gave me a stepwise approach to interpret an ECG. After having these tutorials, I was able to interpret
ECGs at the internal medicine morning meetings, anaesthesiology and paediatrics.’
‘It helped me in forming a good approach to ECGs and therefore took away the daunting feelings.’
‘I am now able to approach all the ECGs because of the teaching I’ve received.’

Tutorials aid in understanding
an ECG

20 (30)

‘The ECG tutorials were extremely helpful. I understood more of the interpretation of the ECG than I did
in any other lecture.’
‘For the first time I understood the ECG and physiology of it and could remember it later on. He was
exceptionally practical. Months later I am still applying what he has taught me.’
‘It helped me to understand an ECG and gave me a systematic way to interpret an ECG. It was very helpful.’
‘ECG has been taught to us since the 2nd year in physiology. I only really understood it after Dr …'s tutorial.’
‘Made ECG more understandable and comprehensive for me; a broader knowledge and allowed me the
ability to ask questions in an interactive informative class setting.’

Tutor characteristics

10 (15)

‘He is patient with students who are struggling to grasp content and unlike other consultants when he explains.’
‘Dr … was insightful, patient and friendly.’
‘Dr … is an amazing doctor, and his patience with us and willingness to help us, really inspired us greatly!’
‘Dr … was friendly and enthusiastic.’
‘The environment was relaxed and you were able to feel comfortable to ask questions

Table 2. Negative perceptions
Theme

Students, n (%)

Descriptions

Preferred other tutorials

2 (3)

‘It was a good session for revision, but the ECG session we paid for presented by people from outside the faculty was
of great value.’
‘Session presented by Dr … was a good “recap” on what I already knew, but I think it lacks detail, because I
wouldn’t have been able to understand it from the beginning.’

No impact experienced

1 (1)

‘Not yet – because I had it late in my rotation.’
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Table 3. Suggestions
Theme

Students, n (%)

Descriptions

Earlier provision of tutorials

11 (16)

‘I advise that the class should be given in the 4th year already.’
‘Could have been of value to have something like it in the 4th year – for repetition.’
‘I would have preferred to practise this earlier in the 3rd or 4th year, because it would have helped me much
more to interpret ECGs in the ward.’
‘I would just suggest that it should be presented in the 4th year already and again in the 5th year for revision.’
‘I feel that the ECGs should be dealt with earlier in the course, since it is asked a lot in the wards, but our
knowledge is limited.’
‘Feel that it would be more of value earlier in the course.’
‘I think it would have been better if we already had this lecture in our 4th year with Dr … .’
‘I feel that the tutorial should be presented early in the 4th year at the start of internal medicine rotation; it
would be of much greater value then.’

Need for more ECG tutorials

8 (12)

‘My only wish is that we could have more sessions with him, not only starting in the 5th year but in the 4th year.’
‘I think more sessions should be included in the 5th year.’
‘Would like more sessions with Dr … .’
‘Perhaps an additional session would help even more.’

Another positive aspect was the tutor’s characteristics.[14] This was possibly
supported by the training that the tutor received, combining the process
of learning and mastery of content with the tutorials being facilitated by a
subject expert who is also a clinical medical teacher.[8]
Although the majority of this small number of students had positive perceptions about the tutorials, a small number (4%) had negative perceptions.
The latter finding must be investigated; more especially the discovery that
students have to pay outsiders to teach them.
This study has implications for teaching and learning in the undergraduate
medical curriculum at SoM, UFS. Based on responses from students, it is
apparent that ECG interpretation tutorials need to be provided earlier in the
medical curriculum and the number of sessions must be increased.
Judging from the statements about the need for extra tutorials, introducing
these earlier in the curriculum, expanding the sessions into a lecture series,
and the appreciation expressed for these sessions, one can conclude that
the students had a need for more comprehensive, integrated and practical
training on ECG interpretation. They were even willing to seek outside help.

Conclusion

Although the small-group tutorials and incorporated methods such as
animations and analogies are relatively new and have only been evaluated
in one group, from the limited data provided it seems as if these methods
might have assisted towards equipping students with the knowledge and
skills to interpret an ECG. As these tutorials are relatively new, there is a need
to conduct a longitudinal study to evaluate the impact of tutorials on the
academic performance of students. This article further places the spotlight
on the responsive efforts and willingness of registrars in the Department of
Internal Medicine, UFS to improve the teaching of such a significant and
frequently used investigation as the ECG.
Acknowledgements. This research forms part of the New Academic Tutorial
Programme in the Centre for Teaching and Learning at UFS.
References

1. Gillespie MD, Brett CTF, Morrison WG, Pringle SD. Interpretation of the emergency electrocardiogram by junior
hospital doctors. J Accid Emerg Med 1996;13(6):395-397. DOI:10.1136/emj.13.6.395
2. Montgomery H, Hunter S, Morris S, Naunton-Morgan R, Marshall RM. Interpretation of electrocardiograms by
doctors. BMJ 1994;309(6968):1551-1552. DOI:10.1136/bmj.309.6968.1551

3. Mahler SA, Wolcott CJ, Swoboda TK, Wang H, Arnold TC. Techniques for teaching electrocardiogram
interpretation: Self-directed learning is less effective than a workshop or lecture. Med Educ 2011;45(4):347-353.
DOI:10.1111/j.1365-2923.2010.03891.x
4. Matthias TA, Indrakumar J. Competency of final year medical students in ECG interpretation – an experience of
a medical school in South Asia. Asian Stud Med J 2013;13(6):1-6.
5. Jablonover S, Lundberg E, Zhang Y, Stagnaro-Green A. Competency in electrocardiogram interpretation among
graduating medical students. Teach Learn Med 2014;26(3):279-284. DOI:10.1080/10401334.2014.918882
6. Dolmans DHJM, Gijselaers WH, Moust JHC, de Grave WS, Wolfhagen IHAP, van der Vleuten CPM. Trend in
research on the tutor in problem-based learning: Conclusions and implications for the educational practice and
research. Med Teach 2002;24(2):173-180. DOI:10.1080/01421590220125277
7. Smith CV, Cardaciotto LA. Is active learning like broccoli? Student perceptions of active learning in large lecture
classes. J Scholar Teach Learn 2011;11(1):53-61.
8. Leary H, Walker A, Shelton BE, Fitt MH. Exploring the relationships between tutor background, tutor training, and student
learning: A problem-based learning meta-analysis. Interdisc J Prob Based Learn 2013;7(1):40-66. DOI:10.7771/1541-5015.1331
9. University of the Free State. Faculty of Health Sciences Yearbook. Bloemfontein: UFS, 2013.
10. University of the Free State. New Academic Tutorial Programme: A_STEP. Centre for Teaching and Learning.
Bloemfontein: University of the Free State, 2013.
11. Dawson P, van der Meer J, Skalicky J, Crowley K. On the effectiveness of supplemental instruction: A systematic
review of supplemental instruction and peer-assisted study sessions literature between 2001 and 2010. Rev Educ
Res 2014;84(4):609-639. DOI:10.3102/0034654314540007
12. Walton H. Small-group methods in medical teaching. Med Educ 1997;31(6):459-464. DOI:10.1046/j.13652923.1997.00703.x
13. Euliano TY. Small group teaching: Clinical correlation with a human patient simulator. Adv Physiol Educ
2001;25(1-4):36-43.
14. Steinert Y. Students’ perceptions of effective small-group teaching. Med Educ 2004;38(3):286-293. DOI:10.1046/
j.1365-2923.2004.01772.x
15. Branch WT Jr. Small-group teaching emphasizing reflection can positively influence medical students’ values.
Acad Med 2001;76(12):1171-1172. DOI:10.1097/00001888-200112000-00001
16. Kaufman D, Mann KV. Basic sciences in problem-based learning and conventional curricula: Students’ attitudes.
Med Educ 1997;31(3):177-180. DOI:10.1111/j.1365-2923.1997.tb02562.x
17. Hendry GD, Ryan G, Harris J. Group problems in problem-based learning. Med Teach 2003;25(6):609-615.
DOI:10.1080/0142159031000137427
18. Dolmans DHJM, Schimdt HG. What do we know about cognitive and motivation effects of small group tutorials
in problem-based learning? Adv Health Sci Educ 2006;11(4):321-336. DOI:10.1007/s10459-006-9012-8
19. Gracía RR, Quirós JS, Santos RG, González SM, Fernanz SM. Interactive multimedia with Macromedia Flash in
descriptive geometry teaching. Comput Educ 2007;49(3):615-639. DOI:10.1016/j.compedu.2005.11.005
20. Pinter R, Radosav D, Čisar SM. Analyzing the impact of using interactive animations in teaching. Int J Comput
Commun Contr 2012;7(1):147-162.
21. Lauer T, Müller R, Ottmann, T. Animations for teaching purposes: Now and tomorrow. J Univers Comput Sci
2001;7(5):420-433.
22. O’Day DH. The value of animations in biology teaching: A study of long-term memory retention. CBE Life Sci
Educ 2007;6(3):217-223. DOI:10.1187/cbe.07-01-0002
23. Ruiz JG, Cook DA, Levinson AJ. Computer animations in medical education: A critical review of literature.
Med Educ 2009;43(9):838-846. DOI:10.1111/j.1365-2923.2009.03429.x
24. Falvo DA. Animations and simulations for teaching and learning molecular chemistry. Int J Technol Teach Learn 2008;4:68-77.
25. Treagust DF. The evolution of an approach for using analogies in teaching and learning science. Res Sci Educ
1993;23(1):293-301. DOI:10.1007/BF02357073
26. Bryce T, McMillan K. Encouraging conceptual change: The use of analogies in the teaching of action-reaction
forces and the ‘at rest’ condition in physics. Int J Sci Educ 2005;27(6):737-763. DOI:10.1080/09500690500038132
27. Harrison AG, Treagust DF. Teaching with analogies: A case study in grade 10 optics. J Res Sci Teach
1993;30(10):1291-1307. DOI:10.1002/tea.3660301010
28. Meltzer L, Katzir T, Miller L, Reddy R, Roditi B. Academic self-perceptions, effort, and strategy use in students with learning
disabilities: Changes over time. Learn Disabil Res Pract 2004;19(2):99-108. DOI:10.1111/j.1540-5826.2004.00093.x/pdf
29. Saunders J, Davis L, Williams T, Williams H. Gender differences in self-perceptions and academic outcomes: A study
of African American high school students. J Youth Adolesc 2004;33(1):81-90. DOI:10.1023/A:1027390531768
30. Colbeck CL, Cabrerra AF, Terenzini PT. Learning professional confidence: Linking teaching practices, students’
self-perceptions, and gender. Rev Higher Educ 2001;24(2):173-191. DOI:10.1353/rhe.2000.0028
31. De Vos AS. Combined quantitative and qualitative approach. In: De Vos AS, Strydom H, Fouchè CB, Delport CSL,
eds. Research at Grass Roots for the Social Sciences and Human Service Professions. Pretoria: Van Schaik, 2005.
32. Nieuwenhuis, J. Qualitative research designs and data gathering techniques. In: Maree K, ed. First Steps in
Research. Pretoria: Van Schaik, 2007.

October 2016, Vol. 8, No. 2 AJHPE

143

