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RESUMO

Introdução: A interpretação do eletrocardiograma (ECG) é fundamental para a identificação de doenças 

cardiovasculares, que estão entre as principais causas de morte no mundo. A aquisição dessa competên-

cia é essencial na formação do médico generalista, e o uso de novas ferramentas de ensino, apoiadas na 

tecnologia, como o mobile learning, pode facilitar a aquisição desse conhecimento. Objetivos: Este 

estudo teve por objetivo desenvolver e avaliar a usabilidade e a potencialidade para o uso em educação 

médica de um aplicativo móvel de ensino para interpretação do ECG. Métodos: Com a participação de 

dois professores da área da saúde e um da computação, um analista de sistemas, um programador e um 

designer gráfico, foi desenvolvido um aplicativo móvel para ensino da interpretação do ECG, utilizan-

do-se a linguagem Java. Para análise de validação foram empregados um questionário de avaliação da 

usabilidade baseado no System Usability Scale (SUS) e um questionário utilizado para avaliar a ade-

quação de softwares para uso em educação médica, previamente traduzido para o português e aplicado 

no Brasil. Resultados: Foi desenvolvido o aplicativo “ECG Fácil” para uso off-line e de acesso gratuito 

nas plataformas iOS e Android. Na fase de validação do aplicativo, 109 discentes tiveram acesso livre ao 

aplicativo móvel durante seis semanas e depois avaliaram a usabilidade por meio de questionário baseado 

no SUS. As respostas ao questionário mostraram boa confiabilidade, conforme a análise de validação 

pelo coeficiente alfa de Cronbach (valor: 0,74), e o aplicativo apresentou excelente aceitação, com escore 

médio de 85,3 na escala SUS. Enquanto isso, 15 docentes avaliaram o aplicativo por meio do questionário 

utilizado para avaliar a adequação de softwares para uso em educação médica, tendo a maioria concor-

dado com os itens que indicam que ele é adequado ao uso em educação médica. Conclusão: O aplicativo 

“ECG Fácil” foi considerado de boa usabilidade pelos alunos e adequado à finalidade educacional pelos 

professores. Estudos futuros com esse aplicativo serão necessários para avaliar a aquisição e a retenção 

de conhecimento sobre a interpretação do ECG pelos alunos.
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ABSTRACT

Introduction: The interpretation of the electrocardiogram (ECG) is fundamental for the identification 

of cardiovascular diseases, which are among the main causes of death in the world. The acquisition 

of this competence is essential in the training of the general practitioner and the use of new teaching 

tools, based on technology such as the use of mobile learning, can facilitate the acquisition of this 

knowledge. Objectives: The objective of this study was to develop and evaluate the usability and the 

potentiality for the use in medical education of a mobile teaching application for ECG interpretation. 

Methods: With the participation of two health professors and a computer scientist, a systems analyst, 

a programmer and a graphic designer, a mobile application was developed to teach ECG interpretation 

using the Java language. For validation analysis, a usability evaluation questionnaire based on the 

System Usability Scale (SUS) and a questionnaire used to evaluate the suitability of software for 

use in medical education, previously translated into Portuguese and applied in Brazil, were used. 

Results: The “ECG Fácil” application was developed for off-line use and free access on iOS and 

Android platforms. In the validation phase of the application, a total of 109 students had free access to 

the mobile application for 6 weeks and then evaluated usability through a SUS-based questionnaire. 

The answers to the questionnaire showed good reliability, according to the validation analysis by 

Cronbach’s alpha coefficient (value: 0.74), and the application presented an excellent acceptance with 

a mean score on the SUS scale of 85.3. Meanwhile, fifteen faculty members evaluated the application 

through the questionnaire used to assess the suitability of software for use in medical education, with 

most agreeing with items indicating that it is suitable for use in medical education. Conclusion: 

The “ECG Fácil” application was considered to be of good usability by students and suitable for 

educational purpose by teachers. Future studies with this application will be needed to assess the 

acquisition and retention of knowledge about ECG interpretation by students.

Recebido em 22/8/19

Aceito em 24/8/19

INTRODUCTION

The physiologist Augustus D. Waller, in 1887, was the first to 
register a human electrocardiogram trace, by means of elec-
trodes connected to the front and back walls of the chest1. Cur-
rently, the electrocardiogram (ECG) is a low-cost, non-inva-
sive, no-risk examination, used routinely in daily clinical prac-
tice to identify serious conditions, such as heart attack, cardiac 
arrhythmias, hydroelectrolytic disturbances and pulmonary 
thromboembolism2.

Considering its importance for diagnosing serious illness-
es and the wide availability of the method in health units, it 
has become essential to learn about ECG interpretation on 
Medical degree courses. However, there is the idea among 
students that interpretation of this method is difficult, as it re-
quires knowledge of the anatomy, heart physiology and elec-
tric vectors3.

At both degree and postgraduate universities, ECG in-
terpretation is traditionally taught by specialists, by means of 
lectures to large groups of students4. In addition, experience 

with using machinery to teach this subject has been reported 
in the literature since 19645. Since then, a variety of education-
al software for ECG interpretation has been designed for use 
on computers6.

Due to the easy and frequent access to smartphones 
and tablets, the use of these devices as instruments to assist 
the teaching/learning process is becoming increasingly fre-
quent7,8. Specifically with regard to ECG interpretation, there 
are various applications (apps) accessible through these de-
vices. However, according to the current literature, there is no 
app for mobile devices designed for educational purposes and 
tested with regard to usability by Medical students.

Therefore, the present work describes the development 
and evaluation of the usability and the potentiality of an app 
for mobile devices for educational purposes for teaching ECG 
interpretation.
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METHOD

This is applied research, with the development of a technolog-
ical tool for use in teaching, followed by quantitative analysis 
after this tool has been used, through collecting information 
by means of questionnaires and statistically processing the 
data.

Development of the app for mobile devices

The app for the mobile devices was developed for Android 
and iOS, using the Java language, with the participation of a 
multi-professional team consisting of two teachers from the 
Medical course and one from computing, a systems analyst, a 
programmer and a graphic designer. Software Development 
Kits (SDK) specifically for Android and Apple devices were 
used. For Android platforms, Integrated Development Environ-
ment (IDE) tools from Android Studio were used, and Android 
from Google with Application Programming Interface (APIs) and 
Open Source Computer Vision (OpenCV). After finalizing a ver-
sion without apparent errors, the app for mobile devices was 
registered at the National Industrial Property Institute (Insti-
tuto Nacional de Propriedade Industrial).

The multi-professional composition of the development 
team had the objective of constructing an app that achieved 
student needs with regard to self-learning. For this, the adapt-
ed codesign methodology was used, consisting of five phases: (I) 
scope – overview of the learning objectives; (II) shared under-
standing – exchange of experiences between stakeholders on 
the scenarios, types of pedagogical technologies and method-
ologies as the basis for the app; (III) brainstorming – sketching 
the primary interfaces for the app; (IV) refining – modelling the 
app screens, images, clinical cases and designing the activities; 
(V) implementation – interactive development of the software 
with incremental deliveries. During the process, phases III, IV 
and V were reviewed cyclically to improve the app9,10.

Evaluation of the app for mobile devices

The evaluation of the app was conducted by students and 
teaching staff at a private higher education institution (HEI) in 
the Northeast of Brazil.

Participants (students and teaching staff)

The participating students were in the second semester of the 
Medical course of the HEI, where the cardiology module ap-
pears. All of the students that studied this module during the 
semesters 2017.2 and 2018.1 were invited to voluntarily par-
ticipate. Students were excluded if they were not registered 
normally at the HEI during this period or if they did not have 
a smartphone to access the app to be evaluated.

The teaching staff group that participated in the evalua-
tion of the app was formed by specialists in cardiology, be-
longing to the same institution, who had contact with the stu-
dents during the semesters 2017.2 and 2018.1, not only during 
the cardiology module, but also during the internship period. 
Everyone who met these requirements was invited to partici-
pate voluntarily. Teachers involved in developing the app for 
the mobile devices were excluded.

Development of the app and the evaluation instrument

The participants, students and teachers, had free access to the 
app for mobile devices during the period of six weeks relating 
to the cardiology module and, afterwards, were invited to re-
spond to the evaluation questionnaires for this tool.

The evaluation conducted by the students aimed to mea-
sure the usability of the app for mobile devices. For this, a 
questionnaire based on the System Usability Scale (SUS)11 was 
used. This consists of ten items, answered by selecting agree-
ment or disagreement with the proposal using the five-point 
Likert scale. The version of the SUS questionnaire applied was 
translated to Portuguese by Tenório et al.12, and the items are 
listed below12.

Item 1. I would use this app often.
Item 2. I found the app unnecessarily complex.
Item 3. I found the app easy to use.
Item 4. I think help from technical support would be needed to be 

able to use this app.
Item 5. I thought the different functions of the app were well 

integrated.
Item 6. I thought there was great inconsistency in this app.
Item 7. I would imagine that the majority of people would quickly 

learn how to use this app.
Item 8. I found the app very hard to use.
Item 9. I felt confident using this app.
Item 10. I needed to learn a series of things before I could use the app.

The calculation of the SUS usability score is obtained 
by adding the individual contribution of each item. For the 
odd-numbered items, one point is subtracted from the value 
attributed to the response. For the even items, the calculation 
is to subtract the value attributed to the answer from the total 
of five points. To calculate the total score, the values obtained 
from the odd- and even-numbered items are added and mul-
tiplied by 2.5. This results in a total usability score varying 
between 0 and 100 points11.

The evaluation conducted by the teachers aimed to judge 
the potential of the app for use as a tool in the health teach-
ing/learning process. For this purpose, a questionnaire of ten 
items was applied, based on the “ten golden rules”, that aim 
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to evaluate whether software is adequate for use in medical 
education13. This questionnaire was answered also using a 
five-point Likert scale, aiming to identify agreement and dis-
agreement with the proposals. This instrument was previous-
ly applied in Brazil, as part of a quality evaluation model for 
software for use in medical teaching14. The ten items relating 
to the questionnaire are described below.

Item 1. Does the content of the app meet the educational purpose?
Item 2. Is the content of the app based on evidence and not on 

opinions?
Item 3. Does the app enable the use of hypermedia and hypertext 

to promote knowledge?
Item 4. Does the app have an interesting, pleasing and challenging 

interface?
Item 5. Is the use of multimedia in the app appropriate?
Item 6. Does the app enable students to interactively explore and 

experience the possibility of resolving clinical cases?
Item 7. Does the app present the content in a way that stimulates 

the use of analytical and clinical skills for problem solving?
Item 8. Is the app easy to use and is its navigation appropriate?
Item 9. Can the app be defined as an ideal tool to use, because of 

the benefits it provides?
Item 10. Can the app be defined as a tool with low maintenance costs, 

making it easy to maintain the cases presented, enabling the 
content to be quickly updated?

Statistical analysis

The data were tabulated in Microsoft Excel for Windows® 
and exported for statistical analysis in the Statistical Package 
for the Social Sciences (SPSS) software program, version 20.0 
(IBM). The data were presented with both absolute and per-
centage frequencies. Cronbach’s alpha coefficient was used to 
estimate the reliability of the questionnaires applied, and the 
lower limit of 0.70 was used for acceptable realibility15.

Ethical aspects

The study was approved by the Ethics in Research Committee 
of the institution, CAAE: 73150617.5.0000.5049, being in com-
pliance with Resolution 466/12 of the National Health Coun-
cil and the Helsinki Declaration. The subjects of the research 
participated voluntarily, after signing the Informed Consent 
Form, and were not identified, so as to ensure the secrecy of 
the answers.

RESULTS

The “ECG Fácil” (“Easy ECG”) app was developed for mobile 
devices (smartphones and tablets), for off-line use on iOS and 
Android platforms, available for free download in the APP 
Store and Google Play Store, and intended to teach ECG in-
terpretation. This has the functionality of open user control, 

which enables students and parties interested in the subject to 
have individualized and secure access after a quick process of 
registering identification details.

The app developed

The opening screen of the app shows seven bars that can be 
accessed: normal electrocardiogram, chamber overloads, in-
terventricular conduction disorder, ST segment changes, tach-
yarrhythmia, bradyarrhythmias and review. This enables the 
user to access content that becomes successively more com-
plex, from the basic information about the ECG to more specif-
ic content, such as arrhythmias. The initial screens of the app 
are shown in Figure 1.

Figure 1 
Initial screens to download and 

access the “ECG Fácil” app

 

Source: “ECG Fácil” app (iOS version). <https://itunes.apple.com/br/app/ecg-
f%C3%A1cil/id1371054680?mt=8>

With the objective of optimizing teaching by interactivity, 
after presenting the theory of ECG interpretation, screens are 
shown with challenges, with immediate feedback being given 
on the answers (Figure 2).

The content is displayed not only using text, but also with 
images, with the objective of facilitating understanding, and 
challenges always follow. If the incorrect option is chosen, the 
student is informed of the error and shown a screen with a 
new presentation of the same content or tips on ECG interpre-
tation, for the purpose of improving understanding (Figure 3).

With the aim of achieving sequential learning, as the 
user advances in accessing the theory screens and solving 
challenge-type questions, the tabs subsequent to the initial 
screen are unlocked to enable new content to be accessed. In 
addition, with the purpose of enabling cumulative learning, 
contextualized with practice, the new content is followed by 

https://itunes.apple.com/br/app/ecg-f%C3%A1cil/id1371054680?mt=8
https://itunes.apple.com/br/app/ecg-f%C3%A1cil/id1371054680?mt=8
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Figure 2 
Screens showing the content and feedback

 

Source: “ECG Fácil” app (iOS version).

Figure 3 
Screens displaying the content (text and images), 

feedback and tips in the case of errors

 

Source: “ECG Fácil” app (iOS version).

clinical cases that enable the content learned in the previous 
unit (previous tab) and in that being accessed at that moment 
to be tested (Figure 4).

The app also has some tools relating to the display, such 
as the possibility of expanding the images by zooming using 
the fingers on the screen. In addition, at the end, as a teach-
ing/learning tool, the final tab provides revision exercises re-
lating to the content.

The app interface for the teacher consists of a Web page, 
which enables secure access to the data provided by the stu-
dents. However, the version available to the teacher is a pro-
totype created to validate the tests of the app, and is cannot 
yet be freely accessed. In addition, the prototype does not yet 
allow the introduction of new cases or new exercises.

Figure 4 
Screens showing the sequential unlocking of 

the content and the use of clinical cases

 

Source: “ECG Fácil” app (iOS version).

Evaluation of the usability of the app by students

After providing use of the app during a period of six weeks, 
109 students assessed the usability by means of the SUS ques-
tionnaire. This shows good reliability, according to the vali-
dation analysis by Cronbach’s alpha coefficient (value: 0.74).

From the students’ evaluation, the app has an overall av-
erage SUS score greater than 70, these results being presented 
in Table 1.

Table 1 
Evaluation of the usability of the “ECG Fácil” 

app (N = 109 students)

Variable Value

Average SUS score 85.3

95% confidence interval 83.4 – 87.1

Margin of error 1.9

Confidence level 95%

Standard deviation 9.9

Source: Prepared by the authors.

With regard to the analysis by items on the SUS scale, it 
was confirmed that the majority of these had scores above 70 
(Figure 5). The exception to this finding was item 10 – “I need-
ed to learn various new things to be able to use the system”.

Evaluation of the suitability of the app for mobile devices 
for use in medical education by the teachers

The invitation was sent to 20 teachers and 15 teachers agreed 
to participate in the research. All of the participants were 
doctors, with specialization in cardiology. Among them, 47% 
lectured on the cardiology module; 47% provided lessons on 
electrocardiogram interpretation; and 53% worked in cardiol-
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evaluating its usability by potential users, as well as its poten-
tialities and deficiencies in the teaching/learning process by 
professionals who are specialists and involved in the teaching 
of cardiology.

One of the first experiences of using “machines” as sup-
port tools in medical education used teaching the ECG as its 
focus. Owen et al.5 validated the Grundy tutor teaching machine 
for teaching the ECG to small groups of students.

With technological evolution, other tools for teaching the 
ECG have been developed. One of them used information re-
corded and accessed on CD-ROM, with the aim of the adding 
to teaching through the use of virtual reality and self-learning16.

With the objective of advancing interactive teaching, Sha-
hein17 developed an interactive computer program, which 
combined the process of teaching/learning about the normal 
and abnormal ECG with the management of individualized 
teaching. According to this author, the purpose of one of the 
first experiences of using a computer system formatted for 
self-learning, with quick and flexible responses to the users, 
was teaching the ECG.

With the advent of the internet, initiatives arose for the 
teaching through this platform. With regard to teaching ECG 
interpretation, one of the first initiatives was developed at 
Harvard University. Nathanson et al.18 described an extensive 
library of electrocardiogram traces and clinical data from pa-
tients registered over more than ten years, which could be ac-
cessed by students.

The use of the app for mobile devices in medical educa-
tion is more recent. The first app described in the literature for 
this purpose was developed and validated by the University 
of Colorado. The Radiology Resident iPad Toolbox was validat-
ed as an educational, economic and mobile instrument, which 
increases the efficiency of study.19. In relation to the study of 
the electrocardiogram, the first app for mobile devices for this 
purpose was described by Tofield20, although without a de-
scription of the validation of this tool for teaching20.

To evaluate the usability of the “ECG Fácil” app, a specific 
questionnaire was adopted for this purpose (SUS), which is 
being used in other studies for analyzing educational apps for 
mobile devices21,22. Conceptually, the usability is the capacity 
of a piece of software to be understood, learned and operated 
by an individual when used for specific purposes23.

In accordance with the literature, a SUS score above 68 
indicates an acceptable degree of usability24. In an extensive 
analysis of the application of the SUS questionnaire, Bangor 
et al.25 identified that a score of 85 would be associated with 
an excellent acceptance of a piece of software or an app25. The 
average of the SUS score for evaluating the usability of the 

Figure 5 
Evaluation of the “ECG Fácil” app by 

students using the usability questionnaire 
based on the System Usability Scale

 
Source: Prepared by the authors.

ogy outpatients clinics with students of cardiology or on the 
internship rotation in clinical medicine.

The teachers considered the app to be easy to use, condu-
cive to use, appropriate to the educational purpose and with 
evidence-based content. In addition, they considered the use 
of multimedia was appropriate (Figure 6).

Among the points for improvement, are the interactivity 
in resolving the clinical cases, the stimulus with analytical and 
clinical skills for resolving the problems and expanding the 
app with hypermedia and hypertext (Figure 6).

Figure 6 
Evaluation of the “ECG Fácil” app by teachers who 

are specialists in cardiology with regard to the 
appropriateness for use in medical education

 
Source: Prepared by the authors.

DISCUSSION

Software related to the ECG with educational objectives or 
only connected to diagnostic assistance already exists6. The 
innovation of the present study consisted of, aside from de-
veloping an app for mobile devices for teaching the ECG, 
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“ECG Fácil” app achieved these parameters described in the 
literature.

In analysis by items on the SUS scale, it was confirmed 
that item 10 – “I needed to learn various new things to be able 
to use the system” – has a score below 70. This result could be 
explained by the failure to explain the questionnaire that was 
being applied in advance, at least specifically with regard to 
item 10. This statement relates to the need to learn to handle 
the app before using it for learning, not to learning the theo-
retical content about the electrocardiogram before using the 
“ECG Fácil” app, which may have skewed the collection of 
this information.

Attempts to evaluate ECG teaching programs are at an 
initial phase. One of the first experiences in validating the use 
of software for teaching the ECG occurred in 1986, when the 
development of an interactive, low-cost, graphical platform 
was described. According to the authors, it was well accepted 
by resident doctors, junior doctors and Medical degree stu-
dents, but this evaluation was not standardised26.

Two decades later, Criley and Nelson27 developed a pro-
gram called ECG Viewer (Blaufuss Medical Multimedia Labo-
ratories, Palo Alto, California) and tried to validate it with a 
small group of 21 individuals, students in the fourth year of 
a Medical degree course and residents. The majority agreed, 
by means of a questionnaire prepared by the authors, that this 
programme was useful for teaching27.

Another attempt to validate the teaching of the ECG, then 
by means of a Web-based program, was made by Nilsson et 
al.28 In this study, 20 students on the Medical course evaluated 
the utility of the program using a five-point scale and consid-
ered it useful for learning.

More recently, other authors have also evaluated the 
teaching of the ECG by means of slides over the Web for psy-
chiatry residents, with a focus on identifying electrocardio-
gram changes related to medications. The majority of the par-
ticipants completed the training and responded that they were 
“very interested” in continuing using this teaching/learning 
method29.

Using a qualitative method, with a limited number of 
only ten Medical students, Keis et al.30 identified as necessi-
ties for better learning of the ECG through distance and asyn-
chronous strategies, the contextualization and directing of the 
subject in accordance with the applicability of the knowledge, 
with the objective of improving the extrinsic and intrinsic mo-
tivation, as well as a minimum level of interaction with the 
teacher. The “ECG Fácil” app aims, by means of using clinical 
cases, to contextualize the learning about interpreting electro-
cardiogram changes.

There are still few studies that evaluate the learning and 
the retention of the information about ECG interpretation 
using technological tools, and the results are currently con-
flicting31,32. Possibly, this is due to the diversity of the learning 
styles: active, theoretical, pragmatic and reflective33.

In a study conducted by Granero-Molina et al.34 using an 
electrocardiogram simulation in a Web environment, it was 
possible to stimulate the theoretical learning style, which aims 
to understand the theory before the practice, and the pragmat-
ic style, where how to apply the knowledge in the real world 
is what it is necessary to know. The “ECG Fácil” app supplies 
theoretical information about ECG interpretation on opening 
the first tabs and then uses clinical cases, aiming to illustrate 
the application of knowledge to clinical practice.

One of the limitations of the present study was the absence 
of an evaluation of retention of the information, as well as the 
fact that it had been conducted at a single university center. 
Another limitation was the use of a questionnaire intended 
to evaluate the app by teachers, which, although validated, 
included some questions that evaluated more than one aspect 
in the same item, which could complicate interpretation.

This study provides the first description of a Brazilian 
app for mobile devices, developed for teaching ECG inter-
pretation, evaluated with regard to usability by a significant 
number of student users and by cardiology teachers regarding 
the potential use in medical education.

The results with regard to the evaluation of the usability 
and the potential for the use of “ECG Fácil” app in teaching 
ECG interpretation provide motivation, for the future, for up-
dating it to improve its functionality and to add new content.

CONCLUSIONS

The production of the app for iOS and Android platforms was 
conducted with success. The app was evaluated by Medical 
degree students, who gave it excellent usability indicators. In 
addition, after evaluation by the teachers participating in the 
study, it was identified that the app shows good potential as 
a tool for use in health teaching/learning. Other studies are 
necessary to evaluate the learning and the retention of the 
knowledge with this app.
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