
2017 International Nuclear Atlantic Conference - INAC 2017 

Belo Horizonte, MG, Brazil, October 22-27, 2017 

ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR – ABEN 

  
 

USE OF EYE TRACKING EQUIPMENT FOR HUMAN RELIABILITY 

ANALYSIS APPLIED TO COMPLEX SYSTEM OPERATIONS 

 

Andre Ricardo Mendonça Pinheiro¹, Eugenio Anselmo Pessoa do Prado¹ and Marcelo 

Ramos Martins¹
 

 

1 Department of Naval Architecture and Ocean Engineering, Labrisco 

Av. Professor Mello Moraes, 2231 - Cidade Universitária São Paulo - SP - Brasil - CEP 05508-030 

Fone: 55 11 3091-5340 / Fax: 55 11 3091-5717 

 andrericardopinheiro@usp.br; eugenio.prado@labrisco.usp.br; mrmatins@usp.br 

 

 

 

ABSTRACT 

 
This article will discuss the preliminary results of an evaluation methodology for the analysis and quantification 

of manual character errors (human), by monitoring cognitive parameters and skill levels in the operation of a 

complex control system based on parameters provided by a eye monitoring equipment (Eye Tracker). The 

research was conducted using a simulator (game) that plays concepts of operation of a nuclear reactor with a 

split sample for evaluation of aspects of learning, knowledge and standard operating within the context 

addressed. bridge operators were monitored using the EYE TRACKING, eliminating the presence of the analyst 

in the evaluation of the operation, allowing the analysis of the results by means of multivariate statistical 

techniques within the scope of system reliability. The experiments aim to observe state change situations such as 

stops and scheduled departures, incidents assumptions and common operating characteristics. Preliminary 

results of this research object indicate that technical and cognitive aspects can contribute to improving the 

reliability of the available techniques in human reliability, making them more realistic both in the context of 

quantitative approaches to regulatory and training purposes, as well as reduced incidence of human error. 

 

 

1. INTRODUCTION 

 

The neuroscientific study of human behavior has advanced greatly in recent decades and now 

represents a valuable tool when the goal is to study human behavior in various situations, 

allowing treatment of limitations of the available methodologies for the analysis of the human 

factor contribution. Conditioning factors involved in the operation of complex hybrid 

systems, observed through the identification and evaluation of factors involved in decision-

making, such as the influence of emotional factors, attentional and stressors are important 

parts of this assessment. 

 

Human reliability refers to the probability of the human element performing the programmed 

tasks during the period defined for the system operation when tested under specified 

environmental conditions, and in addition, do not perform any action detrimental to system 

operation. In fact, whereas, according Hollnagel (1993), human error has direct or indirect 

interest in 80% of accidents in the industry, it is recommended to conduct an analysis of 

human reliability (Human realiability Analysis - HRA) even during systems design phase by 

providing subsidies, qualitative and / or quantitative, to evaluate different alternatives and the 

process of selecting the most appropriate. 

 

However, if the system is already in operation, the realization of human reliability analysis 

can also contribute the following points:  
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 Identification of potential errors and accidental scenarios;  

 Propose mitigation measures;  

 Proposal of contingency actions; 

 Changes to the system in order to reduce the potential risk actions;  

 

In general, techniques for human error identifying first and second generation, are focused on 

the creation of questionnaires and behavioral indices. In these cases, the contribution of 

human factor in system operation is estimated from responses to questionnaires by those 

skilled in problem analysis or system. When applied to the questionnaire, the expert, not 

subjected to the scenario where the operator would be at the time of system operation, 

streamlines the process before giving its response which introduces a bias and influences the 

decision making process associated and analysis problem, which is a fundamental limitation 

of current methodologies for evaluation of human performance through questionnaires. These 

two basic approaches have shortcomings: 

 

First the number of organizational factors generally used, not sufficient to model all aspects 

of nature, especially the political, economic and regulatory.  

 

On the other hand, the interaction of these factors with each other and with the error 

mechanisms, unsafe acts, methods and types of errors observed on the individual level and in 

groups is highly nonlinear. The 1st and 2nd generation techniques are not able to formulate 

more realistic models, having unrealistic assumptions of independence carried out by 

methods such as fault event trees, which present many difficulties in modeling the actions of 

man and their interactions with the environment. 

 

To address these shortcomings, the authors of this article are intended to the initial proposal 

for the selection and analysis of biomarkers that can provide data on the quantification of 

human error probability in the operation of complex hybrid systems to consider, in addition to 

the factors proposed in the various methodologies available in the literature, and aspects of 

neuropsicofisilogy supervised learning. Such consideration may contribute to the evolution of 

the current knowledge about the human reliability and the proposition of third generation 

HRA techniques. 

 

2. GOALS 

 

This work aims only the initial study of the data obtained by Eye Tracker to provide the 

development of a methodology for assessing the contribution of the human factor, testing the 

applicability of this method in the development of third-generation techniques. 

 

3.  METHODOLOGY 

 

 

Through an ethnographic methodology, field studies were conducted in operating systems 

(game / nuclear plant simulator) to identify the effectiveness of the eye tracker equipment and 

its ability to provide the indicators, which have a relevant variation of the offered possibilities 

of action and restrictions imposed by the working environment by identifying the stressors 

that affect the operator and its capacity for action. 
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The game's basic idea is to produce enough electricity to light the entire city without causing 

an accident at the nuclear plant. The procedure is performed by raising or lowering the 

control rods that allow the occurrence of the nuclear reaction. In situations where the reactor 

rods are fully raised nuclear power is maximum. If there is a temperature rise above 220 

degrees in the secondary cooling fluid circuit, steam production starts which is directed to the 

turbine, being connected to the generator starts generating electricity. It is crucial to find the 

right combination of configurations to produce energy without causing damage to reactor 

components for exceeding limits. If any of the reactor components oscillating in the condition 

"Warning" being classified by colors (red and yellow for critical failure to occasional failure) 

should rapidly reduce the slider that caused the condition. While warnings (Warnings) are in 

oscillation, cause damage to the components due. In the repair installation, this damage is 

mentioned in two different ways. 

 

The first option is displayed in the financial section that displays all operating costs as 

general maintenance, property lease, payment / staff and fines sheet. While the second is 

characterized in the auxiliary section that indicates only operational repairs.  In addition to 

producing electricity to meet the energy demand, should also generate profit. some 

biomarkers in order to help identify the influences of physiological and behavioral variables 

during the decision-making process in tasks involving risk for capturing and tracking 

information were used. In this research subject was addressed only the Eye Tracker, 

equipment for eye pattern analysis, as levels of care and subconscious cognitive processes 

and generates videos of all action with graphical representation of the visual focus. 

 

In the execution of the experiments operators were allocated in a chair with proper height, 

and realized the placement of electrophysiological equipment. To collect the data derived 

from eye tracking was first necessary to parameterize the device for each individual. Fig 2 

presents the graphical interface simulator captured by the eye tracker. 

 

 

Figure 1 - Individual electroencephalography equipped with sensors, galvanic 

response, pulse rate and temperature. 
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Figure 2 - video image generated by the Eye Tracker with graphical 
representation of the visual focus) 

 

This study is an exploratory trial action with cross-section of four volunteer groups ranging 

from professionals with knowledge regarding a nuclear plant operation to individuals with 

low level of interaction with the theme. Eight invidious were divided in 4 groups as follows: 

 

A) Individuals with high level of knowledge on nuclear and computer areas. 

B) Individuals with knowledge only in the nuclear area. 

C) Individuals with knowledge only in the computer area (Simulations and Games). 

D) Individuals with little or no knowledge in computer and nuclear areas. 

 

The experiments were conducted in laboratory analysis, risk assessment and management 

(LabRsico), USP, and the sample population composed of volunteers between 20-40 years, of 

both sexes, healthy, who were referred to the research laboratory through convening in 

murals around the Institute of Energy and Nuclear Research (IPEN) and the Navy's 

Technological Center in São Paulo (CTMSP). To participate in the experiments the individual 

should have between 20 and 45 years, bond with IPEN, CTMSP well as undergraduate or 

graduate. Other key criteria are the levels knowledge about the operation of a nuclear power 

plant, simulators and games, and none of the characteristics anterioresO principle of eye 

tracking is the analysis of eye movement used to assess subconscious cognitive processes. 

 

According to Barreto (2012), the concept of eye-tracking refers to a set of technologies that 

allows you to measure and record the eye movements of a person before the sampling of a 

stimulus in real or controlled environment, determining therefore that areas fixed their 

attention (volume of visual fixations generated), for how long and to order follows in its 

visual exploration (existence of any standards of visual behavior). The relevance of studying 

eye movements is based on the hypothesis "strong eye-mind", according to which a person 

view is taken as an indicator of current / prevalent thought in cognitive processes (Just and 

Carpenter, 1976ª and 1976b). It means the recording of eye movements provides a dynamic 

tracing, which is directed attention on a particular visual field. For these eye movement 

patterns and fixing the look, you can use the tools of the "heat map" that shows how much 

attention it is directed to a given location or region, or "plot gauze," which shows the pattern 

of visual user research before making a decision. 
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Studies of eye tracking captured the visual attention patterns of an individual when it is 

performing a task. It was possible to assess the establishment of the look (pause eye 

movement in a specific area of the visual field), and sacadics movements, which are fast 

movements between enabling fixings, for example, reading. The derived data from eye 

tracking were collected by tobii® equipment 

 

For decision-making experiments a control room was used a simulated nuclear power plant in 

a 2D computing environment. Data derived from eye tracking were collected with the 

tracking system look desktop model and Tobii Studio software, both developed by Tobii 

company. This equipment also provides a video of the entire operation. The scenarios were 

built to simulate activities of a control room of a nuclear power plant, being necessary to 

apply specific knowledge of nuclear area combined with computer skills and logical thinking.  

 

4. RESULTS AND CONCLUSION 

For data analysis, based on the analysis of the video provided by eye tracker, tables of 

statement-making times were made of each operator and failure events as a function of 

operating time. The failure events were divided into two categories: attention failure events 

(yellow) and critical (red). Erro! Fonte de referência não encontrada. and the Figure 3, 

provided by video analysis identification of critical moments during operation, thus the 

duration of time, this information facilitates the correlation of the data obtained by the 

physiological and behavioral variables providing indicators to find the error and its source. 

 

Table 1:  Representation of failure events resulting from visual inspection by eye 

tracker video. 

 
Source: Author 

 

In order to facilitate the statistical analysis of the variables were generated representative 

graphs based on operating time, to identify significant changes in physiological and cognitive 

parameters during stressful moments of action. The plotted data is divided by operating group 

and baseline of the respective individual. During the operation phase were collected through 

the videos provided by the eye tracker the fault events and operating and performance modes, 

along with the physiological variables collected, in order to compare the variables of each 

operator with their respective baseline beyond comparison with data from other operators in 

order to identify the possible causes of failure in operation. The game screen is divided into 

12 parts, as shown in Figure 3. 
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 A Very Strong, Red tone, very Viewed, 

 B, Intense color between Red and Yellow, 

 C, East, tone and Yellow, 

 D, Middle weak tone between the Yellow and Green 

 And Weak, green tone 

 F, Very Weak, Hazel Slightly 

 G, No remark 

 

 

 

 
Figure 3 - critically Failure Event Resulting visual inspection by eye video tracker 

Source: Author 
 

The Gaze Plot shows the position, order, and the time spent looking at the stimulus locations. 

Thus, the primary function of the look is to reveal the temporal sequence to look or where to 

look and when we look at there. The time spent looking, more commonly expressed as 

clamping length, diameter and is shown by the colors of the mounting circles. The longer the 

look, the bigger the circle and more biased to the red is. 
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Table 2 Result of the analysis of the results of the Gaze Plot of each operator in each 

simulation 

 
Source: Author 

 

The NJ2 operator has a pattern in inhomogeneous controls. It was expected that observation 

on the panel 7 was stronger that happens only in the second simulation. It is the only operator 

who observes with great intensity the panel 4 which had little use for the game. 

 

Another interesting point is related to AA1 operator, in the first simulation little notes the 

panel 7, which was expected because it has no knowledge in the nuclear area, and 2 

simulation with greater knowledge usually begin to notice more the panel 7 and greatly 

increases their performance. The two previous observations show the potential of using the 

eye tracker in the verification of knowledge skill. In the simulation, observing the most 

significant panels (7-5) and understand the interrelationship of controls (10-11-12) provide 

basis for a good performance, suitable for the level of knowledge attributed to the operator 

during the interview process. 

 

The AJ1 and AJ2 operators have very similar patterns in almost every panel, but only the 

knowledge at stake does not provide the analysis capability needed to handle the controls 

properly. AA2 operator improves significantly between simulation 1 and 2. In the simulation 

one can observe the complete ignorance in understanding the problem due to lack of 

knowledge, so it observes the wrong panels even having a good observation of the controls. 

In simulation 2 looks at the correct panels, for receiving a load of additional rules, and 

improves the homogenization look at the controls. Even operators with expertise in nuclear 

(NE1) the impact of having received more rules is detected. [See Fig. 5]. In simulation 2, 

there is an optimization in the pattern of observed panels are the three main (core reactor, 

heat exchange and primary pump) and gets the best performance among all operators in all 

simulations. 

 

Figure 4 and Figure 5 show the results of all operators in each simulation. The eye tracker has 

proved very useful in assessing the visual skill and knowledge of the operator. It is an 

important tool, in conjunction with the interview to validate the qualification of the operator. 

Sharma et al. al (2016), proposes an alarm based on the eye-tracker that allows from 

cognitive patterns verify tiredness, fatigue, carelessness, or loss of operator attention. The use 

of eye-tracker to support the operator's qualification process is being proposed was not found 

in the literature. 
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Figure 4 Gaze plot Eye Tracker of each operator in each simulation operators 

with nuclear knowledge 

Source: Author 
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Figure 4-9 Gaze plot Eye Tracker of each operator in each simulation operators 

without nuclear knowledge 

Source: Author 
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