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Abstract

Keywords

Background and aims: Continuous monitoring of operator functional state, is
one of the most important topics, and the data mining methods are considered Human-machine system
as a suitable tool for providing the performance evaluation models. However,
there has been no comprehensive study on the use of data mining methods
in this field so far, and in so doing, the aim of the present article, was to
systematically review the role and importance of the data mining methods to
monitor the operator functional state in human-machine systems.

Data Mining

Operator functional state

Methods: A total of 86 published articles that evaluated the operator functional
state, were reviewed in five databases. All articles were analyzed in four groups
related to the operator functional state, three critical safety systems, and three
types of data mining techniques. The operator functional state, was also assessed
through methods of physical measurement, psychophysiological measurement,
task-performance indicators, and subjective judgment.

Results: Most of the data mining models were related to the field of road and air

transportation, which are mainly focused on fatigue and the task-performance Received: 2019/03/15
indicators. The support vector machine and neural network models were the
most frequently used data mining methods. The results showed, that most
studies were performed on fatigue models, among the functional states where
mainly physical measurements were used; however, the psychophysiological
measurements were the most frequently applied measuring method for the
mental workload models and the task performance indicators.
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Conclusion: A comprehensive evaluation of the data mining methods and the
parameters used in these models to assess the operator functional state, will
identify the research gaps in this area, and results in conducting more extensive
studies to improve the human performance.
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EXTENDED ABSTRACT

INTRODUCTION

In human-machine systems, the human operator
interacts with the machine and the two sides interact
with each other. In fact, the task of humans is
determined in relation to the task of the machine, and
thereisasignificantrelationship between the motorand
sensory force of an individual with the capabilities of
the machine. This interaction is in the form of a closed-
loop system in which, human plays an important role
in decision-making. In addition, the complexity of
this interaction and the poor system design can cause
many faults and accidents [1, 2]. Therefore, increasing
the complexity of the human-machine systems, as well
as reducing the physical aspects of job activities, has
increased the operator’s interaction with the machine,
and requires the operators multi-tasking in the
implementation and monitoring of the operations. For
this reason, continuous monitoring of the operator’s
performance is important as one of the requirements
of the human-machine systems. The Operator
Functional State (OFS), is a multidimensional model
of human psychophysiological status that correlates
the performance with the task requirements, such
as physiological and psychological costs of a work.
In general, there are three parts in measuring the
operator’s functional state, including the mental
reporting or judgment, measurement of the task
performance indicators, and the physical and
physiological measurements. The amazing progress
of computer technology has led to the development
of data collection and the creation of large databases
in various fields, where data mining is a process of
extracting information in order to achieve regular and
logical patterns. The use of data mining in operator
functional state’s evaluation models, improves the
stability and accuracy of the evaluation results, and is
used as an auxiliary process to identify and predict the
performance in human-machine systems. However,
so far, no comprehensive research has been done on
the use of data mining methods in this area. Therefore,
the purpose of this study was to systematically review
the role and importance of data mining methods to
assess the operator functional state in human-machine
systems. In this study, a framework was presented,
that in addition to providing a comprehensive view of
the application of data mining models and methods
to evaluate the operator’s function, also identifies
the main application areas of these methods and
measurement parameters.

METHODOLOGY
Question design in PICO format

In this study, are included, population (P): the
operator of human-machine systems, intervention (I):
the use of data mining, and outcome, (O): the operator
functional state.

Inclusion and exclusion criteria

In this study, 3 inclusion criteria were considered:
(1) published articles or studies presented at the
conference that used at least one data mining method
to monitor the performance of people in the human-
machine systems, (2) articles which have described
the data mining methods in detail, (3) data mining
methods were quite recognizable in the context
of the article. In addition, the master’s or doctoral
dissertations, textbooks, and unpublished articles
were determined as the exclusion criteria.

Search strategy

The researches were conducted in five categorize
to cover the most scientific journals in the English
language. In addition, many researches were
performed in terms of the words related to the human
functional state, and words related to data mining
methods. The time frame was considered between
1999 and 2018

Select articles

Initially, 587 articles between the years of 1999 to
2018 were identified. Finally, 86 articles were selected
according to the systematic framework presented by
Hachichaand Ghorbel. A detailed review of each article
for one of the following human-machine systems,
including transportation, process and power plant
systems, one for the following four states of fatigue,
distraction, mental workload and task performance
indicators, as well as one for the following three
classification, prediction, and regression models were
done.

Data extraction

The operator functional state was evaluated in five
groups of: distraction, fatigue, mental workload, task
performance indicators (speed, accuracy, reaction
time, etc.) and hybrid parameters of the mentioned
items. The operator functional state’s measurement
was also divided into five categories: physical
measurements, psychophysiological measurements,
methods of measuring the task performance
indicators, reporting or subjective judgment methods,
and a combination of the mentioned measurements.
The status of the operator in human-machine systems
is examined with different data mining models, which
usually includes the classification, prediction and
regression models. To review the articles, first, the
three main data mining models including regression,
classification, and prediction were identified and then,
the data mining methods were determined.

Assess study quality
The quality of the articles in this study, was
evaluated based on the STROBE tool.
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RESULT
Review of the articles, based on the proposed study
framework

The results of the article’s evaluation showed
that, the major data mining models proposed were
associated with the transportation systems (58 road
transport articles: 67.44% and 20 air transport articles:
23.25%), then, fewer studies related to process and
power plant systems were observed (8 articles: 9.3%).
The most application of data mining methods was
observed in road and air transportation systems, the
main focus of which was on fatigue (36 articles) and the
task performance indicators (15 articles). Less studies
have been done regarding the process and power plant
industries; there were 3 articles concerning each of
the fields of mental workload and fatigue, and the rest
were related to task performance indicators (1 article)
and the combined cases (1 article).
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Figure (1), shows the application of measurement
methods in the five groups of operator functional
states. Based on the results, the models related to the
fatigue parameter, had a higher contribution than other
areas of the performance status. In fatigue models, the
order of using the measurement methods includes:
the physical measurements (22 articles: 25.58%),
psychophysiological measurements (12 articles: 13.95
%), measurement of the task performance indicators (3
Article: 3.49%) and combined measurement methods
(2 articles: 2.32%). The application of measurements
for the distraction parameter is also in the form of
physical measurement methods including 3 articles
(3.49%) and psychophysiological measurements,
measurement of the task performance indicators and
combined measurement methods including 2 articles
for each (2.32%). Psychophysiological measurement
methods were most used to construct models for
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Figure 1. Distribution of the articles, based on the operator functional state measurement methods

Table 1. Distribution of the articles, based on the operator functional state and data mining models

Operator functional state

Data mining model

Number of articles

Classification 24

Fatigue Predictipn 11
Regression 2

Combined models 2

Classification 3

Distraction Prediction 5
Regression 1

Classification 9

Mental workload Prediction 4
. Classification 5
Performance indicators Prediction 1
Classification 2

Combined parameters Prediction 5
Regression 1
Total Total 86

v
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Figure 2. Distribution of the articles, based on the application of data mining methods

mental workload and task performance indicators
(9 and 13 articles: 10.46 7 and 15.12%, respectively),
but in the combined parameters of the performance
status, the physical measurement methods were used
the most (4 articles: 4.65%).

Table (1) shows the distribution of articles based
on their functional state and models presented. The
classification models were identified as the most widely
used data mining models (43 articles), and the models
of prediction (37 articles), regression (4 articles) and
also a combination of data mining models (2 articles)
were placed in the next ranks.

The main data mining algorithms used to evaluate
the operator functional state, are based on Figure (2).
The support vector machine (23 articles: 26.74%) and
neural network (21 articles: 24.42%) methods showed
the most application in constructing the models for
evaluating the operator functional state. Also, the
fuzzy model (15 articles: 17.44%), AdaBoost (13
articles: 15.12%), regression (12 articles: 13.95%),
Bayesian (11 articles: 12.79%), decision tree (7 Article:
8.14%), hidden Markov model (5 articles: 5.81%) and
genetic algorithm (3 articles: 3.49%), were in the next
categories.

Distribution of the articles by the year of publication

Articles on the application of data mining methods
for operator functional state, from 1999 to 2009, had
an increasing trend, such that the largest number of
articles in this field was published in 2009. After 2009,
the publish rate decreased compared to this year.

Distribution of the articles by the country name

Among the reviewed articles, most of the studies
were related to the United States and China (22 and 21
articles, respectively). Other articles have been done in
different countries such as Australia, England, Korea,
etc.

DISCUSSION

According to the results, among the three human-
machinesystemsexaminedinthisstudy, theresearchers
paid the most attention to transportation systems
(90.7% of articles). The most researches conducted to
road and air transportation systems, focused on fatigue
and performance indicators, respectively. While fewer
of the models presented, deal with the distraction
and mental workload. Therefore, considering their
high impact on the occurrence of accidents, further
researches on the study of the distraction and mental
workload parameters is suggested. On the other
hand, despite the relatively few studies conducted to
the power plant and process industries, as well as the
importance of the human performance role in these
systems, it is important to conduct more extensive
studies and further develop the proposed models.
In most models, physical and psychophysiological
measurement methods have been used that, more
applications of, can be due to higher sensitivity and
thus providing more accurate models. In the present
study, the results of examining the types of data
mining techniques used to determine the operator
functional state, showed that the classification models
and then predictive models are the most widely used
models in these studies. In addition, considering that
the classification and prediction models provide an
effective and useful prediction of human functional
state (as a complex system) by examining the operator’s
behavior, the high application of these models would
not be far from expectation. On the other hand, the
support vector machine method and then the neural
network, were the most used among other models.
The support vector machine algorithm provides more
accurate classification results than other common
methods and is used for many classification problems.
In addition, due to the multiplicity of parameters in
the discussion of the operator functional state, the
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complexity of the relationships between them, and
the existence of unknown interfering parameters,
the selection of an appropriate method to properly
evaluate the relationships between this categories,
should be carefully considered. Therefore, the use
of nonlinear relationships such as neural network
models is one of the solutions recommended by
various researchers in this field; and in recent years
has attracted the attention of the scientific community.
In fact, the neural network has a high ability to detect
complex nonlinear relationships between dependent
and independent parameters [122, 124], and is able
to identify the possible interferences between the
predicted parameters.

The review of articles also showed that the United
States and China have paid special attention to the use
of data mining in the studies of human performance,
but in Iran, the number of articles was very low.
Considering the statistics of the transportation
accidents, power plant and process systems and the
role of human performance in the occurrence of these
accidents [125-127], it is necessary to examine the
role of various factors on the human performance in
Iran, using the data mining techniques and models to
purposefully control the accidents.

CONCLUSIONS

Due to the complexity of job tasks and concerns
about the consequences of possible functional defects,
accurate estimation of the user’s performance and
determination of the conditions affecting it, leads to the

Systematic Literature Review on The Application...

integration of the human-machine system interaction.
Various models have been proposed to assess the
human functional state that, the general approach of
these models is to pay attention to the complexity of job
tasks and reduce concerns about the consequences of
operator’s functional defects in critical safety situations.
The important point in using the models, is their
accuracy of prediction, thus, higher accuracy models
provide a more accurate assessment of the operator’s
performance and the possibility of achieving the
optimal condition. In addition, these models are more
accepted by the system designers and users. In recent
years, data mining methods have been widely used to
model the operator’s performance in human-machine
systems, that the support vector machine method and
then the neural network had the highest application
among other models. Therefore, in future studies, it is
necessary to examine the efficiency and results of each
of the different data mining methods in this field.

In general, a comprehensive evaluation of data-
mining-based models, in order to determine the
operator functional state in human-machine systems
and identify performance-related factors and
measurement methods in various articles, will lead to
the identification of a research gap in this area, and the
conduction of more researches to assess and improve
the state of human performance.
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