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Abstract
This study proposes the use of a computational approach based on machine learning (ML)
algorithms to build predictive models using eye tracking data. Our intention is to provide results
that may support the study of medical investigation in the decision-making process in clinical
bioethics, particularly in this work, in cases of euthanasia. The data used in the approach
were collected from 75 students of the nursing undergraduate course using an eye tracker.
The available data were processed through feature selection methods, and were later used to
create models capable of predicting the euthanasia decision through ML algorithms. Statistical
experiments showed that the predictive model resultant from the multilayer perceptron (MLP)
algorithm led to the best performance compared with the other tested algorithms, presenting
an accuracy of 90.7% and a mean area under the ROC curve of 0.90. Interesting knowledge
(patterns and rules) for the studied bioethical decision-making was extracted using simulations
with MLP models and inspecting the obtained decision-tree rules. The good performance shown
by the obtained MLP predictive model demonstrates that the proposed investigation approach
may be used to test scientific hypotheses related to visual attention and decision-making.

Keywords: Visual attention, Decision-making in bioethics, Mobile eye tracking, Machine learning in

medicine

1 Introduction

Decision-making and problem-solving capacity represent important cognitive abilities for peo-
ple’s daily lives. In the context of large raw datasets, data mining techniques, particularly
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machine learning (ML) algorithms, have become remarkably useful in the decision-making pro-
cess due to the ability to reveal hidden patterns, converting data into useful information [9].

In clinical practice, in particular in situations that involve bioethical issues, decision-making
by a healthcare professional arises from a complex interaction between the work environment
and neural processes parallel to cognition and emotion, leading to choices and judgments that
take into account knowledge, risk, uncertainty, and regret, among other aspects [3]. Along with
the use of bioethics frameworks in the decision-making process, the adoption of techniques for
investigating and supporting ethical decision-making in healthcare has been discussed [11].

This is the case of mobile eye tracking (MET), a mobile technological device that enables
measuring eye position and movement in order to map visual attention [27]. Recently, this
tool has shown great potential for application in a wide range of fields of knowledge [21], e.g.,
in mental health [11], radiology and diagnostic imaging [26], human-computer interaction [14],
studies of teaching-learning processes [27], and sports [4]. In addition to its broad application,
the main interest in the use of MET is due to the fact that it is widely accepted as a valuable
non-invasive method for studying visual attention characteristics as well as cognitive, emotional,
and sensory status of a subject [11]. Therefore, MET plays an important role in advanced
understanding of human perception, reasoning studies, and strategies for problem solving [26].

It is important to notice that the most challenging part of researches using MET is data
analysis due to the typical small number of participants - in spite of the volume and complexity
of the information produced - and due to imperfect data collection given the interferences
produced in the visual exploration process. Hence, combining methodologies is recommended
to enhance the analysis of the acquired data, thus optimizing the assessment of the influence of
visual aspects in the cognitive process [27]. Although the aforementioned studies have shown
an important evolution in eye-tracking research, they were not carried out in conjunction with
advanced computational support, such as by employing ML techniques, specially in bioethics.

The present investigation was designed based on these considerations aiming to experimen-
tally study the role of visual search - using MET - in the decision-making process in the case of
euthanasia (this project was approved by the Research Ethics Committe of Federal University
of Viçosa - CAAE No. 25353714.8.0-000.5153). Euthanasia, which is clearly a classic theme
in clinical bioethics [12], is defined as mercy killing or dying process of an ill person, i.e, when
someone other than the patient is committed to an action with the goal of alleviating ample and
unbearable suffering of the patient [1]. The idea of studying MET data to relate visual features
to decision-making for such a complex moral issue was first proposed by Siqueira-Batista et al.
(2015) [24], and recommended by Pärnamets et al. (2015) [21]. The present work carries out
the authors’ proposal using advanced computational methods.

The predictive models obtained in this study resulted in interesting patterns that associate
cognition-related visual aspects with the decision-making process. Those results have great
potential for future research aiming to build computational tools to help in the ideal set-up
of medical teams and to support the decision-making procedure in critical situations where no
moral consensus has been established.

2 Materials and Methods

2.1 Machine learning framework

Although this study focuses on the specific case of correlating visual characteristics to the
practice of euthanasia, it is worth pointing out that the overall idea of the procedure hereby
presented may be applied to any field that uses MET resources to associate vision data with
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results pertaining to the study at hand.
The presented pipeline is similar to that of the process of knowledge discovery in databases

(KDD) [9]. The pipeline is split into four steps, namely: acquisition, preprocessing, data
mining, and knowledge extraction. The first step consists of collecting eye data through MET,
performing the appropriate sampling, and converting the resulting sampled data into a suitable
format. The second step comprises data preprocessing, i.e., improving data quality and choosing
proper variables by attribute selection. The third step includes experiments with ML algorithms
on the resulting training set (TS), and the assessment of the statistical performance of the
generated models. The fourth, and final step, consists of extracting knowledge by obtaining
patterns and tendencies that may lead to plausible hypotheses.

2.2 Dataset

The TS used in this study for building the ML algorithms was created based on data collected
from 75 voluntary students (17 to 47 years old, mean 21.36, 14 of whom males) from the first
to ninth semesters of the nursing undergraduate course of a large Brazilian public university1.
Data were collected using ASL’s Mobile Eye-XG eye tracker with a frame rate of 30 Hz2.

MET is a device able to monitor eye behavior by analyzing the central vision of the par-
ticipants using specialized cameras attached to glasses. To that end, the equipment uses an
infrared light source to determine the minimum and exact central vision fixation sites every
40 milliseconds (ms), besides identifying the image of pupil and cornea [14]. Prior to data
acquisition, the collection environment was duly prepared and the MET device was calibrated.

Next, a 2 min 24 s excerpt of the movie “Million Dollar Baby” (Figure 1) was shown on
the same screen used for MET calibration so that the participants’ eye movements could be
identified. The film tells the story of Maggie Fitzgerald, a boxer that suffered a serious injury
and became tetrapletic after an unfair fight. Over time, several complications occured, which
led Maggie to attempt suicide. After failing, she turned to her coach (Frankie) and asked him
for euthanasia.

(a) Maggie’s scene. (b) Frankie’s scene.

Figure 1: Screens shots of the movie the participants watched.

After the boxer expressed her will and made the request to the coach, the movie was inter-
rupted at a crucial moment when a decision would be made. The participants in the research
were then inquired about their decision (whether to fulfill or not the request of the boxer) and
were asked to write down their reasons. Those answers remained confidential. By the end of
the experiment, the following data were obtained from each participant: (i) the computational
eye-tracking record and (ii) the answer on the decision along with its justification.

1Raw data available at: https://drive.google.com/drive/folders/0B8aRarbjcs87VGdLa3FvYnZRVlk?usp=

sharing
2The equipment used in this research: https://www.youtube.com/watch?v=fvJPVInvsNk
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