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Background and Objectives: Electroencephalography is one of the non-
invasive and relatively inexpensive methods that can be used to evaluate
neurophysiology and cognitive functions. This systematic review study was
performed with the aim of using electroencephalography (EEG) in ergonomics.
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< Methods: In this review study, all articles published in Persian and English on
Use your device to scan the application of electroencephalography (EEG) in ergonomics from March 20,
and read the article online 2010 to March 21, 2021 were reviewed. For this purpose, systematic search of
articles was performed using the keywords cognitive ergonomics, mental fatigue,
electroencephalography, EEG and brain waves in the databases of PubMed, Google
Scholar, Web of science, SID, Scopus, Magiran Iran Medex.
Results: Most studies were conducted between 2015 and 2020 (41 paper) and
Corresponding Author most of the subjects were car drivers. Selected articles were reviewed in seven areas
Bahram Kouhnavard of mental fatigue, mental workload, mental effort, visual fatigue, working memory
Student’s Scientific Research load, emotions, stress and error diagnosis. The journal Perceptual and Motor Skills,
Center, Tehran University of followed by Applied Ergonomics, published the largest number of related articles.
Medical Sciences, Tehran, Iran. . . .
Email: Conclusion: In the reviewed articles, the assessment of a person's mental states,
bahramk2011@gmail.com especially when driving a vehicle, has been further studied and through it, tracking,

monitoring and various tasks of working memory have been followed. Future
research should focus on the use of computational methods that take into account
the dynamic and unstable nature of EEG data. Such an approach could facilitate the
development of fatigue detection systems and automated adaptive systems.
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Extended Abstract

Background and Objectives

Electroencephalography is applicable for use in
laboratory or field conditions compared to other
brain imaging techniques such as FMRI' and
PET? in terms of size and cost. The method has
a high time resolution to measure the electrical
activity of the brain, which makes it possible to
measure cognitive studies and brain activity,
optimally [13]. EEG recording is non-invasive
and can be repeatedly used as a valuable tool
for patients, normal adults, and children,
without risk or limitation, in studies, especially
in the field of cognitive ergonomics (mental
fatigue,  perception, memory, attention,
language, emotions, and subjective workload)
[14]. Therefore, this systematic review study

aimed to investigate the application of
electroence-phalography (EEG) in ergonomics.

Methods

In this review study, a review was
conducted on the articles published in Persian
and English on the application of
electroencephalography (EEG) from 2010 to
2021. For this purpose, systematic searches of
articles were performed using the keywords of
cognitive ergonomics, electroencephalography,
EEG, mental fatigue, brain waves, and their
English equivalents in PubMed, Google
Scholar, Web of science, SID, Scopus,
Magiran, Iran Medex databases. The articles
were 1094 studies, of which 68 articles were
reviewed according to the inclusion criteria.

[ PubMed, Google Scholar, Web of science, SID, Scopus, Magiran, Iran Medex ]

8

=

=

©

=2 4

& Articles downloaded from databases ) (| Articles were removed in
= Number: 1094 »  terms of title and abstract.
3 J Number: 475

- g

(o]

=

c

K Articles were deleted due to
S . . the lack of relevance to the
@ Remaining articles

3 Number: 619 study.

£ : Number: 323

<

3

Q

E \ 4 Articles were deleted due
3 Remaining articles W | tothe lack of access to the
= Number: 296 i full text.

Tg Number: 228

o

3

E v

&

= Reviewed articles

% Number: 68

=

[

o

Figure 1. The process of reviewing and selecting the studied articles

1. Functional Magnetic Resonance Imaging
2. Positron emission tomography
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Findings

Out of 1094 articles related to the subject, 68
articles were reviewed according to the inclusion

Table 1. Attributes of 68 analyzed articles

Attribute

Publication year

Type of participants

The distribution of articles in different journals
has been shown in Table 2. The journal of the
and Applied

Perceptual

and Motor

Skills,

criteria. Most of the studies were conducted

Variable
2010-2014
2015-2021

Operator
Employee

Student
Train driver

between 2015 and 2021 (n=41) and most of the
participants were car drivers (Table 1).

Number
27
41
24
17
20
7

Ergonomics, published the largest number of
articles on

electroencephalography in ergonomics.

the application of

Table 2. Number of published articles related to the field of application of electroencephalography in ergonomics

Journal Number of articles Journal Number of articles
Perceptual and Motor Skills 17 Journal of Ergonomics 3
Engineering Journal of
Journal of Psychology 5 Occupational Hygiene 1
. . Auviation, Space, and
Aippllee] Ergeroies 12 ,Environmental Medicine 3
Human Factors 11

Ergonomics

The characteristics of the articles including the

9

authors, subject of study, year of study,

Biological Psychology

participants, and the important results have been

shown in Table 3 .

Table 3. Some abstracts of articles reviewed in the field of application of electroencephalography in ergonomics

Subject

Important results

Dehqi Fouladi et al.

! [17]

Lshgari and Arab
[18]

Evaluation of the
relationship between
occupational exposure to
organic solvent and fatigue
workers at a paint factory in
Saveh city

Investigation of the
relationship between noise
annoyance and
neurophysiological
responses of drivers in
exposure to tractor sound

Studied
S GEE participants
2019-2020

Students
20182019 ractor

operator

There was no significant relationship
between EEG and students' visual
analog scale. Alpha, beta, and theta
waves can be good indicators for
assessing mental fatigue. Mental fatigue
can also be a factor that affects the
accuracy and performance of people; so
it reduces their attention and efficiency.

The results showed a decrease in alpha
band amplitude and an increase in beta
band amplitude due to an increase in
engine speed. The results indicated a
high correlation between alpha and beta
bands and psychoacoustic annoyance.
The detection coefficients of 0.966 and
0.989 were obtained for the two alpha
and beta bands, respectively. Changes
in the quality parameters of the sound
produced and annoyance caused
amplitude changes in both alpha and
beta bands.


https://www.ingentaconnect.com/content/asma/asem;jsessionid=29molk34dj32h.x-ic-live-02
https://www.ingentaconnect.com/content/asma/asem;jsessionid=29molk34dj32h.x-ic-live-02
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Mental fatigue and its effect

Moh ietal ON the performance of t_he
3 © arr[1£n§]d| ea faculty of health staff using
electroencephalographic
signals
Investigating EEG alpha
4 Gharagozlou etal.  variations for mental fatigue
[20] detection on car driving
simulator
_ Ergonomic design of an
5 Shi Yuan Ho et al. EEG headset using 3D
[21] anthropometry
Fatigue evaluation using
6 YufanPengetal.  multi-scale entropy of EEG
[22] in SSVEP-based BCI
Monika Di}fstc'Jciationdbetv\:'eent _menltal
Gergelyfi et al. atigue and motivational
7 [23] state during prolonged
mental activity
Evaluating the effectiveness
of using
8 Bin-Wei Hsu etal.  electroencephalogram power

[24] indices to measure visual

fatigue

The results showed a decrease in the
brain waves during the experiment,
which indicates an increase in mental
fatigue. Participants in this study
reported fatigue by the KSS, which
reduced their performance.

This study showed that there was a
significant difference between the rate of
fatigue self-assessment in the first and
last 10 minutes of the route. The average
absolute power of alpha in the last 10
minutes increased significantly
compared to the first 10 minutes of the
route. Based on the results of brain
waves and especially the absolute power
of alpha can be a good indicator for early
prediction of mental fatigue of a driver.
Real-time evaluation of EEG-based
human factors in an ATC system allows
researchers to analyze changes in the
brain state of the ATCOs during
performing various ATC tasks. Based on
the analysis of objective real-time data
combined with the mental feedback of
ATCOs, we are able to reliably evaluate
current ATC systems and refine new
concepts of future ATC systems.
The main results show that the proposed
fatigue index is completely related to the
mental fatigue index and this can be used
to diagnose alert and fatigue with 97%
accuracy, which is better than the
existing fatigue indicators based on
different EEG spectra, such as theta,
alpha, and beta. The proposed fatigue
index provides a tool for measuring
intelligent wearable BCI in real-world
applications and an ergonomic
evaluation method for other human-
machine collaborations.
Reward-induced EEG, pupillometric,
and skin conductance signal changes,
regarded as indicators of task
management, remain constant and fail to
correlate with the indices of MF. MF did
not affect a simple reaction time task,
despite the strong influence of extrinsic
motivation on this task. Finally,
alterations of the motivational state
through monetary incentives failed to
compensate for the effects of MF.
Results indicated that the EEG power
indices were valid as a visual fatigue
measure and the sensitivity of the
objective measures (CFF and EEG
power index) was higher than the
subjective measure. The EEG 3 and
EEG o were effective for measuring
visual fatigue in short- and long-duration
tasks, respectively. EEG /o were the
most effective power indexes for the
visual fatigue measure.

2018-2019 Employee

2013-2014 Car drivers

A\r traffic
control
operators

2017

2019 12 subjects

2015 18 subjects

2013 20 males


https://www.researchgate.net/profile/Monika-Gergelyfi?_sg%5B0%5D=6_qP86RbrnQgdhLIoLFnIa3aYcV0dHMtoRhYiGp_Y81zoW1Ku6cVAva6A2ez31FwEo2o8k4.U76_w8NiWgjs0AjDAcWb-Hg6AchZurP9e3ajhRoaLznEAPSEAnL-dpZ64T_AgcKpZjZ6cnufeCD1ESEjcNj_nQ&_sg%5B1%5D=k9hV1N35EFmGfWh7YoSuX8c2W6HXF_3pOfUH0Wmbw0CLe1gEbxvF-NyPkd4xhf35-TDRfK4.T_SFU3fv6_MnD6EX_2nGw9ChKxpW4xBrcObsuVFufUUb_HgN2GKTfDSdUroAWgY7k1uV6SOg2sV5O9RKOWYcbQ
https://www.researchgate.net/profile/Monika-Gergelyfi?_sg%5B0%5D=6_qP86RbrnQgdhLIoLFnIa3aYcV0dHMtoRhYiGp_Y81zoW1Ku6cVAva6A2ez31FwEo2o8k4.U76_w8NiWgjs0AjDAcWb-Hg6AchZurP9e3ajhRoaLznEAPSEAnL-dpZ64T_AgcKpZjZ6cnufeCD1ESEjcNj_nQ&_sg%5B1%5D=k9hV1N35EFmGfWh7YoSuX8c2W6HXF_3pOfUH0Wmbw0CLe1gEbxvF-NyPkd4xhf35-TDRfK4.T_SFU3fv6_MnD6EX_2nGw9ChKxpW4xBrcObsuVFufUUb_HgN2GKTfDSdUroAWgY7k1uV6SOg2sV5O9RKOWYcbQ
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In this section, an analysis was conducted on the
data set of 68 articles on the applications of
EEG indicators in cognitive work. For this
purpose, the selected articles were classified
according to the following categories in
performance measurement: 1) mental fatigue
and alertness; 2) subjective workload; 3) mental
effort; 4) visual fatigue; 5) working memory
load; 6) emotions and stress; 7) error Detection.

1. The effect of mental fatigue and alertness

Assessment of mental fatigue based on
neurological data is  considered in
neuroeconomics  studies [29] to  assess
occupational health and safety. Mental fatigue
occurs when a job requires a high level of
attention and concentration [30]. For example,
monitoring modern automation (such as
monitoring pilot room, air traffic control, sea
navigation, military surveillance, and industrial
process control) systems significantly increases
mental fatigue [31,32].

1.1. Mental fatigue caused by drowsiness

Drowsiness is a decrease in the level of
cognitive attention with the desire to sleep [35].
The distinction between drowsiness and
alertness was performed using linear and
nonlinear EEG indices, of which PSD is the
highest EEG index for assessing mental fatigue
[36].

1.2. Mental fatigue caused by the transition
phase

The transition phase is defined as the transition
from waking to sleeping. PSD and the relative
strength of the five frequency bands have been
used to monitor the transition phase during
cognitive tasks [43]. Decreased PSD for the
alpha band was observed in drowsiness, while
dominant beta activity was observed in the alert
state [44]. Nguyen et al. [45] reported an
increase in the relative power level in the low-
frequency bands and a decrease in the relative
power level in the high-frequency bands.

1.3. Mental fatigue caused by long periods of
work

Fatigue is related to the time on a task (TOT)
[46]. In general, human function declines, and
mental fatigue begins through an increase in
TOT. A significant increase in PSD of alpha,
theta, and (alpha + theta) bands is observed in
the posterior, internal, and frontal areas in
fatigue during long periods [47,48]. Various
studies have shown a decrease in the relative
strength of theta, alpha, and beta rhythms by
increasing levels of mental fatigue. Duty
involvement is a positive and emotional state
affected by workload, motivation, and emotions
[52]. Assessing the deterioration of attention due
to task involvement using EEG indicators has
attracted the attention of many researchers.
Observing the weakening of the P300 amplitude
while performing the task is associated with
mental fatigue [53, 54].

2. The effect of subjective workload

As a multidimensional structure, the subjective
workload is generally defined in terms of the
available resources to meet the demands of a
task [55]. Not only excessively high workload
reduces human performance, but also a very low
workload reduces the operator's motivation and
interest in working [56]. The difficulty of work
attracts the most attention, and limited resources
are available to process any other information.
Traffic management studies aimed at increasing
the brain's response to audible warning alarms
and the design of alarm ring signals are
associated with the study of this phenomenon
[60].

3. The effect of mental effort

Mental effort is a neurological process that
reflects the controlled cost of psychological
information ~ processing  resources  during
perception, cognition, and action [65]. Sauseng et
al. [66] observed a decrease in PSD of upper
alpha activity during performing tasks that
required a high level of mental effort.
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4. The effect of visual fatigue

The eye muscles are one of the strongest
muscles in the body. However, the eye muscles
can sometimes get tired of activities such as
sitting in front of a computer, TV or being
exposed to fluorescent light for several hours.
This condition is called visual fatigue. Difficulty
concentrating, headache, eye pain, and blurred
vision [67] are symptoms of visual fatigue that
reduce performance at work.

5. the effect of working memory effect

Working memory is maintaining and
manipulating information for a specified period.
Several factors significantly affect human
working memory, including cognitive load, task
training, and aging [70]. PSDs of theta and alpha
bands are very sensitive to increasing the
working memory load. Jensen et al. [71] mainly

focused gamma activity on attention and
working memory during performing complex
tasks.

Conclusion

This  systematic  review examines the
applications of EEG indicators to quantify
human cognitive function based on the analysis
of selected articles between 2010 and 2021,
which is the first study in Iran. Over the past 11
years, there has been an increasing trend for
publication in this area. Assessment of a
person's mental state is more studied, especially
during driving, and tracking, monitoring and
through it tracking, monitoring and various tasks
of working memory are followed. Future
research should focus on the wuse of
computational methods taking into account the
dynamic and unstable nature of EEG data.
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