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Abstract. The human being, even if potentially inclined to learn, needs incen‐
tives to do it effectively. In these context, the virtual environments could simulate
challenges of clinical practice and, at the same time, consider the personal expe‐
riences, allows the student’s stimulus and also offer additional theoretical content
updated and of excellent quality. The purpose of the project is to develop a Clinical
Case Simulation Tool (CCST), it´s supposed to be a supporter to the acquisition
of clinical skills for medical education. This is an experimental study of applied
technology for health education. The project is multidisciplinary between health
sciences, computing and education. The development of an application to store
real clinical cases is the starting point of this study. The structure of the proposed
clinical case comprises the description of the case, clinical history, complemen‐
tary tests, questions and further reading. The access to the application is password
protected, composed of access profiles with specific characteristics such as
teacher, coordinator, student. All clinical cases are linked to a specific college and
discipline. The Clinical Cases simulator platform was created for storage of clin‐
ical cases and to provide technological support for preparing courses, workshops
and support classroom teaching. This may be considered as an innovative
approach, given the use of a digital system that enables the storage of clinical data
and laboratory tests, as sounds of cardiac auscultation, pulmonary auscultation,
images and videos.
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1 Introduction

The human being, even if potentially inclined to learn, needs incentives to do it effec‐
tively [1]. Nowadays, a teacher is supposed to be the driver of a teaching-learning
process. In the meantime, the student has much more active role to acquire skills and
professional competence. These are considered as the major basic challenges of the
current education: learning to know, learning to do and learning to be [2].
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Every educational system is built to meet the needs of the society that created it.
However, with the recent advancement of technology, the educational system today does
not match the educational needs of contemporary society [3].

There is a global challenge to adapt the training of health professionals, facing the
limitations of traditional models of education [4]. The competency-based education
purposes enhancing of new dimensions and skills for care. In order to prepare more
capable health professional, the social issues and the relationships between people matter,
as well simulation to lower medical mistakes and teaching strategies of problem-solving [5].

The initial training of medical graduate students demands repetition of specific tasks,
controlled behavior and adaptation of an individual time of learning. Fundamental clinical
skills domain gathers communication, physical examination, clinical reasoning and
proposal of diagnostic measures and therapeutic plan. Despite technological advances, the
physical examination of an individual by a doctor is a practice considered, besides cost-
effective, extremely important for the diagnosis of diseases, establishment of a diagnosis
plan, therapeutic and prognostic, in many situations [6]. However, it takes more than good
books to acquire the skills necessary to perform a physical examination. In this context,
computer simulation environments can contribute by allowing an ethical repetition of tasks
and individualized oriented training in support of learning in real scenario [7].

The virtual environments could simulate challenges of clinical practice and, at the
same time, consider the personal experiences, allows the student’s stimulus and also
offer additional theoretical content updated and of excellent quality.

The simulation consists in using specific computational techniques for the purpose
to repeat the process or operation in the real world [8]. It is an important tool to compare
and evaluate process changes. The effects of changes in processes is evaluated by meas‐
uring performances. As the simulation runs multiple iterations, the performance of
students are saved for future performance analysis [9].

In medical education, simulation is the replacement of real patient encounters with
either standardized patients or technologies that replicate the clinical scenario [10]. The
virtual patient simulations are together education games termed gamified training plat‐
forms. Kind of technology applied to medical education, those tools are growing and
resulting in a good impact for all levels of medical trainees, providers, and educators [11].

The purpose of the project is to develop a learning virtual environment using clinical
cases. The Clinical Case Simulation Tool (CCST) gathering variable complexity and
attention level settings is supposed to be a supporter to the acquisition of clinical skills
among students of health professional.

2 Methods

This is an experimental study of applied technology for health education. The project is
multidisciplinary between health sciences, computing and education. The development
of an application to store real clinical cases is the starting point of this study. In a first
step, undergraduate medical student and professors are collecting real clinical cases. The
professor can register the clinical cases with various complexities, whether based on
clinical, ambulatory and hospital care. For real clinical cases, patients will be invited to
a voluntary participation.
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The present study was approved by the Committee for Research Ethics of Federal
University of Minas Gerais under the registration number (Brazil Plataform:
10286913.3.0000.5149) all human research principles respected. Using anonymous
presentation, the medical history is composed by clinical examination, laboratory tests,
whether in reports or sound, video and image file formats. The medical history library
is stored in the Faculty of Medicine of UFMG sever. The content is used exclusively for
the training of health professionals. Access is password protected and will be under the
responsibility of the project coordinator.

The application makes possible to store the specific characteristics of each type of
case: text, images, videos and sound files. A short and objective medical report, clinical
images such as ultrasound or magnetic resonance and digital electrocardiogram can be
stored in the system, as well as cardiac auscultation sounds. In order to give more realistic
sensation during the simulation, cardiac sounds are stored with a digital stethoscope are
separated by the aortic, pulmonary, mitral and tricuspid.

During the second step of learning preparation, each clinical case will be reviewed.
Professors prepare one or more questions related to the case, theoretical or practical
questions focused on diagnosis, prognosis or therapeutic process. Each clinical chal‐
lenge must be properly explained, following of the correct answer and the other about
why they are wrong.

The purpose is offering a virtual clinical challenge and stimulate the students to solve
virtual patient cases to support the transfer of learning. In a complementary and final
step of the learning process, the system can provide specific explanations about the topic
and suggested further reading. All the explanations must be based on published,
containing citations and references used.

The application must be ergonomic and self-explanatory, so that teachers can simply
document the clinical cases of interest to the improvement of health professionals
learning.

3 Results

The structure of the proposed clinical case comprises the description of the case, clinical
history, complementary tests, questions and further reading (Fig. 1).

Fig. 1. Structure of clinical cases
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In Fig. 2 it can be seen from the CCST database diagram, there are listed the respec‐
tive tables and fields.

Fig. 2. Data base structure

Fig. 3. Access to clinical cases simulator

Fig. 4. Access to clinical cases simulator
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Fig. 5. Basic components of a clinical case

The access to the application is password protected (Fig. 3), composed of access
profiles with specific characteristics such as teacher, coordinator, student.

Fig. 6. Clinical images
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Figure 4 shows the list of clinical cases with features to edit or delete an already
registered case.

All clinical cases are linked to a specific college and discipline. Should contain a
title, the main complaint, the medical history and clinical examination of the patient
(Fig. 5).

Some clinical cases may contain static images, or animated by gif, or even videos
(Fig. 6).

The clinical cases involving cardiac auscultation (Fig. 7), allow upload 4 foci of heart
sounds (aortic, pulmonary, tricuspid, mitral).

Fig. 7. Auscultation simulator

Each clinical case is composed of one or more questions, containing besides the
correct alternative, their explanation of the problems involved (Fig. 8).
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In addition to the clinical case, after the resolution of the issues, the student has access
to further reading about the topic, as well as specific explanations about the case in
question (Fig. 9).

Fig. 9. Supplementary reading

The student, through its specific profile, you can view the list with clinical cases
already decided, and the list of new cases. Figure 10 shows the display of a case by the
student profile.

In closing, the clinical cases simulator presents a history of resolutions, as well as
the score of the general or separate students by discipline (Fig. 11).

Fig. 8. Clinical case question example
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Fig. 11. Student performance

Fig. 10. Supplementary reading
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The Clinical Cases Simulator platform can be accessed at the website http://simu‐
lacao.medicina.ufmg.br/ using the login/password = itbam/itbam2016.

4 Discussion

The Clinical Cases simulator platform was created for storage of clinical cases and to
provide technological support for preparing courses, workshops and support classroom
teaching, managing the access of students and teachers, the content, and the performance
evaluation.

This tool assigns to the teacher the driver role of the teaching-learning process,
collecting and developing clinical cases, documenting them in the form of text, sound
and images, from real scenarios and register them in a virtual environment for later use
as a support tool to education in health care. The teacher have also to prepare the sessions
of clinical challenges in a virtual environment, in the form of questions/ answers (quiz)
with tracks from reports, images, graphs, videos, and specific theoretical content to
support the training of health professionals.

The clinical cases simulators in use at Harvard Medical School, is based on a human
patient simulator, as they are high-fidelity humans dolls. The clinical cases are made by
teachers and solved by the students, with different approaches, according to your level.
The negatives of this educational process is the cost of implementation and operation.
In addition to this educational procedure is used, it should have a dedicated local and
specific equipment for performing simulations [12].

A similar study was conducted in two US residency programs where medical resi‐
dents were subjected to a competition using a simulator of clinical cases. The competi‐
tion relied on general issues of residency and issues three medical specialties. The ques‐
tions were written by teachers and the correct answers had a wide explanation [13].

This study contributes to the interdisciplinary of the sciences as it brought together
a multidisciplinary team of doctors of various specialties and professionals in computer
science, adapting to the needs of the development of technical skills in building and
maintaining the data collection system, analysis of the functionalities of the system and
preparation of content within the various areas of health.

This may be considered as an innovative approach, given the use of a digital system
that enables the storage of clinical data and laboratory tests, as sounds of cardiac auscul‐
tation, pulmonary auscultation, images, videos. Composing a vast digital library of real
cases of extreme importance to education in health, whether in classroom courses or
distance, which makes the unprecedented application in the literature.

In the future it is intended to measure the effectiveness of learning or acquiring skills
of students by comparing performance tests pre and post use of the Clinical Cases
Simulator.

The developed digital library, Clinical Cases Simulator, constitutes the starting point
for professional training activities and scientific studies. It is expected to contribute in
the future to train more qualified health professionals.
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