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Abstract. Learning cardiac auscultation is a fundamental but hard task for a 
medicine student, involving a combination of gesture mechanics and cardiac 
sounds interpretation. We aim to create a low cost simulator combining a tablet 
and an electronic stethoscope, thus defining a new interaction paradigm that  
al-lows a student to train auscultation when and where they want. In this paper 
we evaluate the usability of a first approach to this new paradigm using a  
high-fidelity prototype and its heuristic evaluation.  
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1 Motivation 

Cardiac auscultation is the difficult art of listening to heart sounds gathered via a ste-
thoscope, which is routinely used for screening or diagnosis purposes. It requires not 
only interpretation skills (ex: murmur detection and characterization) but also me-
chanical ones (ex: where the stethoscope should be placed in the patient’s chest). St 
Clair [1] and Mangione [2] have shown that the ability of medical students to recog-
nize common cardiac murmurs is poor (approximately 20%) using traditional me-
thods of learning. Barret [3] highlights the importance of repetition for effectively 
learning auscultation but all simulators that train both interpretation and mechanical 
skills are too expensive [4]. 

2 Aim 

We aim to exploit the potential of the touch-based interaction offered by currently 
popular tablets to develop a cheap cardiac auscultation simulator for medical students,  
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Fig. 2. The first image shows a medical student listening a cardiac sound using an electronic 
stethoscope to interact with the tablet. The second and third image shows the adjustment made 
to the stethoscope to allow interaction with the tablet. 

4 Evaluation 

We performed a heuristic evaluation following the principles proposed by Nielsen  
[5, 6]. We chose three senior students of the Faculty of Medicine of the University of 
Porto as evaluators because they represent the target audience of this project. The set 
of tasks performed by the evaluators is listed in Table 1. We developed a high-fidelity 
prototype intended to test the interaction paradigm between these two devices (tablet, 
stethoscope). The usability and pedagogical impact of a full interactive application 
intended to teach auscultation is not addressed in this paper. 

Results highlighted four errors (Table 2). Three of them are related to the flexibili-
ty and efficiency of use and one to the visual clarity of the displayed information. All 
errors were easy to correct. 
 

Table 1. Taks performed by the evaluators 

Nº Task 
1 Enable the display of auscultation points  
2 Enable visualization of the skeleton 
3 Enable the visualization of phonocardiogram 
4 Zooming in on the chest in order to view a large area plan 
5 Zooming out of the chest to view the entire chest 
6 After zooming in, slide by the image 
7 Auscultate the chest with a stethoscope in order to hear a sound 
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Table 2. Detected problems with the heuristic evaluation 

Nº Heuristic Severity Description and Possible Solution 
1 Flexibility and 

Efficiency of Use 
3 The action to zoom in and zoom out is  

not obvious. It is suggested that it is possi-
ble to use the open pinch gesture. Another 
suggestion is to put a button to the zoom 
action. 

2 Match Between 
System and the 
Real World 

2 The swipe is too fast. Decrease the  
velocity. 

3 Flexibility and 
Efficiency of Use 

2 The timing of the double click is too  
long, which causes unexpected zoom out.  
Decrease the timing. 

4 Match Between 
System and the 
Real World 

1 The ribs of the skeleton are barely  
noticeable making it difficult to find the 
inter-costal spaces. Increase the skeleton 
contrast. 

 

5 Discussion 

The data collected with the heuristic evaluation allowed us to improve the high-
fidelity prototype. However, we will continue working to improve the interaction 
between the user and the tablet using the stethoscope to provide a simulator that  
besides training the ear can also train the mechanics of auscultation. 
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