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ABSTRACT

Introduction: Airtrafficcontrolisavery complexprocess, includingmultiple human-machineinteractions.
Human mental workload plays an important role in this process. Nowadays, electroencephalography
indexes are considered as new indicators in the field of assessment of mental workload. The purpose
of the present study was to investigate the relationship between EEG theta power and mental workload
in air traffic control simulation.

Material and Methods: Fourteen air traffic controllers participated in this study. Controllers carried
out two scenarios, including low and high workload, based on task load factors in an air traffic control
simulator. Mental workload was assessed in these two scenarios by the NASA-TLX guestionnaire. EEG
signals were continuously recorded during air traffic control tasks. Afterward, absolute theta power was
extracted from participants’ EEG using Fast Fourier Transform (FFT) by the MATLAB software and was
compared with each other in terms of high and low workload.

Results: The results showed a significant relationship in absolute theta power during low and high
workload scenarios in all regions of the brain (p < 0.05). Absolute theta power increased primarily
in the frontal region during the high workload scenario. Also, there was a significant increase in the
relationship between work experience and absolute theta power at the F3 region during the high
workload scenario (P=0.021, r=0.607).

Conclusion: Absolute theta power provides a good parameter to assess mental workload at different
levels of air traffic control tasks. Therefore, it can be used as a tool for the design of human-machine
complex systems.

Keywords: Mental workload, Electroencephalography (EEG), Physiological measures, Absolute theta
power, Air traffic control
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1. INTRODUCTION

Air traffic control is a very complex process,
including multiple human-machine interactions.
Mental workload plays an important role in this
process. Mental workload refers to the part of
an operator’s information processing capacity
that is required for task performance at a given
time. A perfect human-machine system would
be informed about the current mental workload
level of the operator to maintain the essential
workload level at a desirable level. Hence, asse-
ssing mental workload is beneficial for predicting
performance reduction, minimizing human
error, and designing proper adaptive automation
strategies.

Evaluation of the mental workload of air traffic
controllers has been investigated using various
subjective, behavioral, and physiological measures.
Subjective and behavioral measures can provide
accurate details regarding a controller’s mental
workload. Nevertheless, physiological evaluations
are more appropriate for practical applications
in this domain. Among the various physiological
measurementtools,electroencephalography (EEG)
has been recognized as a reliable method to assess
cognitive processes such as air traffic control duties
because it can directly measure the functions of
the central nervous system and is not disruptive
to primary task performance.

Given that no study has been done so far to
examine the relationship between age and work
experience with absolute theta power during
high and low workload scenarios in the brain
area, and considering the effect of the type of task
and stimulus attributes on absolute theta power,
the aim of this study was to measure controllers’
mental workload using EEG signals based on task
load factors similar to characteristics of the actual
work environment.

2. MATERIAL AND METHODS

Fourteen certified radar controllers (all males,
aged 33-46 years) voluntarily participated in
this study. All subjects had a current medical
certificate. Before the study, participants read and
signed informed consent forms.

The simulator scenario for each controller took
almost 3 hours. This included: (a) a 10-minute
preparation stage, including EEG device setup
and electrode connection; (b) a 10-minute
simulator preparation (rest); (C) a 40-minute
implementation of the high workload scenario; (d)
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a 40-minute implementation of the low workload
scenario; and (e) a 60-minute rest period between
the two scenarios. Participants reported their
subjective mental workload evaluation using the
NASA Task Load Index (TLX) questionnaire at
the end of each scenario. It is worth noting that
to control the effect of task difficulty, the order of
high and low workload scenarios was randomly
set up between the fourteen subjects.

The subjective workload technique was the
NASA TLX scales based on scores collected
at the end of each scenario. The NASA-TLX
contains six subscales (mental demand, physical
demand, temporal demand, performance, effort,
frustration), and these subscales require the
controller to provide a rating between 0 and
100 for each of the six subscales. The raw mean
(RTLX) of these six subscales was computed.

The EEG signals recorded continuously
using a USB biosignal amplifier, g.tec medical
engineering GmbH, Austria, operating with
MATLAB software. monopolar EEG was recorded
with electrode cap in sites F3, F4, p3, p4, T7, T8,
01, 02, C3, C4 in terms of the international 10-
20 system. EEG data were filtered online by a 0.5
Hz high-pass filter and a 30 Hz low-pass filter,
sampled with 256 Hz and 24 quantization with
ground at Fz and all electrodes were referenced to
the left mastoid electrode. The dynamic ranges for
+100 mV.

EEG Data was visualized with EEGLAB
toolbox and artifacts such as eye movements,
eye blinks, heartbeats, muscle activity were
eliminated. Afterwards, Five second data epochs
were extracted the peak workload of each section.
Then data processed using MATLAB (R2013). To
account theta power, Fast Fourier Transform was
implemented within each epoch.

All data were analyzed using SPSS software
version 16. Wilcoxon test was performed for
comparison absolute theta power between high and
low workload scenarios in this study. Moreover,
spearman correlation test was employed to analyze
relationship between absolute theta power and
age and working experience in controllers. The
statistically significant criterion was considered at
P<0.05.

3. RESULTS AND DISCUSSION

The mean and standard deviation of age and
work experience in controllers were 38.93+4.63
and 16.14+4.45 years, respectively.
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Fig. 1: Changes in NASA-TLX score during low and high workload scenarios (N=14)
Mental demand (MD), Physical Demand (PD), Temporal Demand (TD), Effort, Performance (PR), Frustration (FR) and Raw Task

Load Index (RTLX)

Table 1: Changes of absolute theta power during low and high workload scenarios at brain regions

Brain regions

F3
F4
P7
P8
(0)11
02
T7
T8
C3
C4

Brain regions

F3
F4
P7
P8
o1
02
T7
T8
C3
C4

Low workload

4.34 (2.46)
4.34 (2.06)
1.29 (0.84)
2.48 (1.26)
2.02 (1.45)
2.48 (1.46)
1.12 (0.56)
2.72 (1.64)
2.73 (1.45)
3.02 (1.44)

Mean (SD)

High workload

4.93 (2.48)
4.95 (2.60)
1.47 (1.05)
2.29 (1.39)
2.57 (1.80)
3.37 (2.63)
0.20 (0.85)
2.89 (1.34)
3.27 (2.01)
3.45 (1.65)

0.014
0.001
0.001
0.001
0.001
0.001
0.002
0.001
0.001
0.001

Table 2: Correlation matrix between absolute theta power and age at brain regions

P-value

Low workload

0.316
0.363
0.266
0.208
0.080
0.229
0.678
0.303
0.052
0/168

Statistically significant values are shown in bold.

High workload
0.039
0.529
0.419
0.354
0.656
0.664
0.645
0.273
0.176
0.242

Low workload

0.289
0.264
0.319
0.359
0.483
0.343
0.122
0.297
0.529
0.390

R

High workload
0.556
0.184
0.235
0.268
0.131
0.133
0.135
0.315
0.384
0.335
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Table 3: Correlation matrix between absolute theta power and work experience at brain regions

Brain regions ‘ Ealie ‘ -
Low workload High workload Low workload High workload
F3 0.287 0.021 0.306 0.607
F4 0.425 0.952 0.232 0.018
P7 0.429 0.662 0.230 0.128
P8 0.140 0.420 0.415 0.235
01 0.083 0.928 0.480 0.027
02 0.289 0.900 0.305 -0.039
T7 0.810 0.863 0.071 0.051
T8 0.520 0.555 0.188 0.173
C3 0.084 0.285 0.477 0.308
C4 0.188 0.384 0.373 0.252

Statistically significant values are shown in bold.

The subjective workload ratings measured by
NASA-TLX are reported in Fig. 1. The NASA-
TLX index results showed that RTLX was higher
during the high workload scenario than low-
level conditions. This means that subjects could
discriminate between different task levels.

The Wilcoxon test was performed to compare
the absolute theta power during high and low
workload scenarios. Significant differences were
observed between absolute theta power and
workload during high and low workload scenarios
in all regions. In addition, changes in absolute theta
power during low and high workload scenarios at
brain regions are depicted in Table 1.

Spearman correlation of the absolute theta
power, age, and work experience is presented in
Tables 2 and 3. Correlation revealed significant
positive relationships among absolute theta power,
age, and work experience during the high workload
scenario at the F3 region.
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4. CONCLUSIONS

In summary, activity of the theta band should
provide useful information about the level of mental
workload applied by different tasks of the ATC
simulator. It would be helpful in future research
to obtain measures of difficulty from individuals
for each task during real ATC. The results of this
study emphasize the importance of physiological
assessments such as EEG, which provides a useful
parameter to assess mental workload at different
levels of tasks. This may be used as a tool for the
design of human-machine complex systems.
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