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Abstract

Objectives: Cardiac auscultation remains a crucial part of
physical examination. In preclinical training, there are mul-
tiple approaches for teaching that skill. Our goal was to find a
compromise between expensive and complicated high-
fidelity simulators and simple devices with a lack of realism.
Methods: Our project is made up of three main parts: a
manikin’s torso, a specially prepared stethoscope, and a
smartphone application. The position of the stethoscope’s
head is recognized by Hall effect sensors inside of a manikin,
and the information is sent via Bluetooth to the smartphone.
Data are interpreted by the application, and proper recording
is selected from sounds’ base. The user can easily adjust
additional settings (e.g., main volume, playback speed,
background noises). Then, the processed sound is played via
a Bluetooth headset that is a part of the stethoscope.
Results: The solution that we suggest is easy to use with
minimal adversely affecting the quality of learning.
Handling of our device is intuitive, and minimal prior
training is required. The low cost of the device itself and the
widespread use of smartphones make it easy to implement.
Conclusions: We believe that this solution could be a
complement for the currently used methods for teaching
cardiac auscultation in preclinical training.
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Introduction

Knowledgeable cardiac auscultation remains one of the
most important skills for the detection of heart diseases [1].
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Teaching at the bedside remains a really effective method
of teaching clinical skills; however, it has few limitations.
The most frequently reported limitations are the following:
the lack of patients with a variety of symptoms, a large
student-to-patient ratio during classes, and inconvenience
for the patient because of repeated examinations [2].

The solution to the aforementioned problem seemed to
be simulation devices. Although high-fidelity and expen-
sive clinical simulators are popular among procedure-
related specialties such as emergency medicine or anes-
thesiology, there is still place for low-fidelity simulators
such as heart sound simulators [3, 4].

Our goal was to create the cost-effective device that
combines advantages of learning auscultation sounds
from sound databases or from the Internet with an
increased level of fidelity, which is offered by advanced
simulators. We decided to create a project that uses as a
central element computing capabilities and other possi-
bilities offered by today’s smartphones.

Methods and results

The designed system consists of three main parts: a man-
ikin’s torso, a specially prepared stethoscope, and a
smartphone application. The position of the magnet in the
stethoscope head is recognized by sensors inside of the
manikin. Then, the information about which valve is
currently auscultated is sent via Bluetooth to the smart-
phone, and the proper sound is played via Bluetooth
headphones, which are a part of the stethoscope.

The complexity of the manikin itself is reduced to a
minimum, it is only an input device that informs the
smartphone about which valve is currently auscultated.
The torso shell is based on a simple shop manikin but could
be replaced by any other housing. Inside, in four typical
points of heart valve auscultation, there are Hall effect
switches. We decided to use Hall effect sensors instead of
reed switches because of their ability to recognize which
magnet pole is currently facing the manikin [5]. Owing to
this Hall switches’ property, there is a possibility of po-
tential for differentiating bell and diaphragm sounds. In
addition, if we want to place other sensors on the back of
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the manikin (e.g. for lungs sounds), we can also exclude
them from unintentional activation. The switches are
responsible for locating the current position of the stetho-
scope head. Arduino Nano board based on the ATmega328
microcontroller and the HC-06 Bluetooth module are
responsible for processing and sending data to the smart-
phone. All components were connected according to the
schema (Figure 1).

The smartphone application was created using drag
and drop software called MIT App Inventor 2. We decided
to simplify the application interface as much as possible to
avoid difficulties in learning how to use the system. In the
application, the user can choose a set of sounds that
correspond to the given disorder. In addition, the user can
turn on, turn off, or change the volume of background
breathing sounds that are played to increase the difficulty
and provide more realism. The student can also choose one
of three levels of playback speed, depending on their
experience (Figure 2A). During auscultation, a graphical
representation of the currently auscultated valve is dis-
played on the smartphone screen (Figure 2B).

The stethoscope is the simplest element of the system. It
consists of only two parts: a round neodymium magnet
located in its head, which activates the proper sensors in the
manikin’s body, and wireless Bluetooth headphones,
through which the smartphone plays the appropriate sounds.

One of the main advantages of the system is the open
base of auscultation sounds. In the application, there is an
option to import own sound sets. Supported file formats are
the following: .wav and .mp3. During our first tests, we
have been using 3M™ Littmann® Electronic Stethoscope
Model 3200 as a recording device.
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Figure 1: Circuit design.
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Figure 2A: Application settings.
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Figure 2B: Main interface.

Summary

In our project, we strove to make the whole system and the
usage of application as simple as it is possibly without
adversely affecting the quality of learning. Handling of our
device is intuitive, and no prior training is required. It is
important because the most commonly reported barrier in
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other research works in implementation of modern learning
methods was the lack of time to learn how to use them [6]. The
simplification of the system also allowed significant reduction
in manufacturing and implementation costs. The cost of the
parts needed to make a single simulator is less than 50 euros
(without smartphones and wireless headphones).

Great opportunities for further development are con-
nected with the fact that electronics do not have to be
placed in the manikin’s torso shell. Electronics could be
placed, for example, in specially prepared T-shirts for
standardized patients. Friederichs et al. (2014) showed that
the use of hybrid models was a superior teaching method
than the use of auscultation manikins [7].

A key message from this project is that, in the technology
world, it is worth looking for the most high-end solutions. The
created prototype has of course its own limitations, such as
requirement of precise placement of the stethoscope head on
the manikin or the number of auscultatory points limited by
the number of sensors. Despite this, we believe that our so-
lution could be a valuable complement for the currently used
methods for teaching the auscultation art, especially in pre-
clinical training. Because the whole system is based on the
smartphone application, the final result that we would like to
achieve would be the community gathered around this proj-
ect, which could share its own recordings that would be
synchronized in real time with the application.
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