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ABSTRACT

Introduction: It is important to evaluate when and why the mental workload of operators increases
during system operation. The city traffic control center (TCC) is a complex work system, and it is
important to describe MW as a condition related to this. The purpose of this study is to evaluate the
mental workload of operators while monitoring traffic loads in the city TCC.
Methods: Electroencephalography and electrooculography data were collected from 16 operators while
performing their daily work, in four conditions: resting state, low traffic density, high traffic density, and
recovery. The Simplified-Subjective Workload Assessment Technique (S-SWAT) was used to evaluate the
subjective workload of operators.
Results: The findings indicate that operators experience a larger mental workload during high traffic
density than during low traffic density (p < 0.001). TCC stressors led to significant changes in EEG bands,
such as theta, alpha, and eye activity. Significant differences were observed for subjective ratings of MW
(p < 0.001).
Conclusion: Although the working situations of TCC operators are repeated daily, their mental fatigue
and stress level gradually increase, leading to deterioration in their mental health. It may be necessary
periodically to monitor their mental health and to consider their organizational behavior during traffic
density monitoring.
Relevance to industry: complex work systems have increased the requirement for many operators to
conduct mental tasks in real work conditions such as city traffic density monitoring. When evaluating
such workplaces, it is important to identify situations requiring increased mental workload that might
impose additional stress on operators, decreasing their performance. Based on the results, the traffic
control center director would be aware of the MW condition of the operators.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

To design and evaluate an occupational task, it is important to
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analyze its mental workload (MW) (Didomenico and Nussbaum,
2011). The concept of MW has become a dominant issue for all
kinds of industry after 1960s (Kum et al., 2007). MW has been
considered an important factor in human performance in complex
systems and both under-stimulation as well as mental overload is
associated with decreased performance (Lysaght et al., 1989),
increased errors (Desmond and Hoyes, 1996) and decreased oper-
ator wellbeing (Johnson and Widyanti, 2011). With the rapid
development of technology, complex work systems have
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progressed, in which operators must adapt their decision-making
and performance in the face of dynamic, ever-changing environ-
ments, concurrent task demands, time pressure, and tactical con-
straints (Moray, 1997)." MW—or just workload—"is the general
term applied to describe the mental cost of executing task re-
quirements” (Hart and Wickens, 1990; Wickens, 1992). It is difficult
to match task demands and human capabilities (Lai et al., 2014).
When a human operator experiences different workload demands
in response to a task, his capacity to deal with those demands is
crucial (Hopkin, 1995). High degrees of workload occur when task
demands surpass operator capacity (Loft et al., 2007). It is crucial to
understand the information processing of mental tasks imposed on
humans (Johnson and Widyanti, 2011). If human operators expe-
rience extensive MW in their daily work, with insufficient rest time,
health problems, such as chronic stress, depression or burnout will
ensue (Cinaz et al., 2013). It is also important to evaluate when and
why operator MW increased during system operation (Jo et al.,
2012). The assessment and prediction of the MW related to oper-
ating such complex systems has long been recognized as important
(Moray, 1997).

MW may be subjectively or objectively assessed. Subjective
evaluations, such as the NASA-Task Load Index (TLX), are inex-
pensive and easily administered, but are unable to provide precise
reports, because of individual bias, and often require a large num-
ber of samples (Lean and Shan, 2012). The most widely employed
subjective rating scales are the subjective workload assessment
technique (SWAT) and the NASA-TLX (Dey and Mann, 2010).
Objective measures require a relatively small number of samples
and can provide more accurate reports than subjective measures,
but they are more complex, requiring technical skill and opera-
tional experience (Lean and Shan, 2012).

Most studies apply information from the frequency bands of the
EEG to analyze MW and fatigue (Kathner et al., 2014). To record
physiological indices, physiological electrodes must be applied to
the human body (using electroencephalography (EEG)). Popular
physiological devices have some disadvantages, such as interfering
with natural body movements, lack of comfort, the impracticality of
wearing devices for a long period of time, and interference of bodily
fluids, such as sweat (Tran et al., 2007). EEG is widely applied to
evaluate MW. MW will lead to changes in EEG measures: alpha
band, beta band, theta band, and delta band (Lean and Shan, 2012).
EEG has sufficient time resolution, to allow the tracking of changes
in mental status as complex behaviors are revealed. Furthermore,
EEG signals can be acquired outside specialized laboratory envi-
ronments, because of the compactness of the associated technology
(Ryu and Myung, 2005).

In the workplace, the movement of operators can create artifacts
and good quality EEG recordings are impossible. The EEG signal
recording may be collected during real work tasks, at least in jobs in
which most work is performed at a computer in an office-like
environment. In some professions, such as traffic control or in-
dustrial work, operators work in various shifts for 24 h. It is critical
to evaluate their MW. The city TCC is a complex work system, in
which the evaluation of MW is important. Yet research on this area
is lacking.

The city of Mashhad is comprised of an area of approximately
275 square kilometers (Irannezhad et al., 2010) and is one of the
163 most populated cities in the world, with 2.63 million citizens in
2007 (Azari and Arintono, 2012). It is the second largest city in Iran
(Shad, 2013), which accepts more than 32 million pilgrims a year
(Irannezhad et al., 2010) and thus faces traffic problems (Shad,
2013). To solve these problems, the city implemented an Intelli-
gent Transportation System (ITS). The ITS consists in a wide range of
electronic technology, and wired and wireless communications
based information. It includes a major subsystem called the

Advanced Traffic Management System (ATMS). The ATMS can
control traffic density in real time, and aims to minimize traffic load
while maximizing movement of people and goods, to improve
traffic density, and to focus on and manage travel demand (Samadi
et al,, 2012). To reach these goals, operators of TCC often face
difficult task conditions when non-recurrent, non-predictable
traffic density occurs (e.g., due to an incident or unexpected
weather conditions). In these cases, in addition to local measures,
an intervention at the network level is usually necessary to manage
traffic density and to reinstitute a normal traffic situation. This in-
volves TCC operators redirecting traffic density in a larger part of
the network to decrease its effects. The operator has to assess the
severity of the traffic density, predict the most probable evolution
of the state of the network, and select the most appropriate actions.
This complex task requires particular knowledge and a great deal of
experience; each operator requires extensive training. Therefore,
operators at the TCC continuously monitor traffic densities, which
are unstructured and generally different (Hegyi et al., 2001).

It is important to analyze MW in real work conditions to prevent
mental disorders and maintain mental health, but most research
has focused on distinguishing different levels of MW in laboratory
conditions (Cinaz et al., 2013). If the same scientific assessment
tools and methods are used in the field, the findings might be more
generalizable (Oron-Gilad et al., 2008). This information can be
used to promote good ergonomics, by optimizing work demand
level so that the risk to mental health is decreased. In this study we
utilize approaches such as the subjective workload assessment
technique (SWAT) and neurophysiologic assessment (EEG and EOG)
to analyze the MW of operators under real working conditions at a
city traffic control center.

2. Methods
2.1. Participants

Sixteen healthy male operators (mean age 29.4 + 2.61 years)
participated in this study. They were paid for their participation.
They were right-handed, with normal or corrected-to-normal
vision and hearing and had no diseases. All operators read and
signed the consent form before the experiment. The experiment
was designed to investigate MW in resting, low traffic density
(LTD), high traffic density (HTD), and recovery conditions.

2.2. Procedure

The TCC (Fig. 1) operates 24 h a day, Saturday to Friday, with an
on-call team available 24 h a day, seven days a week. The operators
almost permanently monitor the traffic density of intersections
from morning to night, including on weekends, and if an accident or
special event occurs, they try to reestablish a normal traffic pattern
in the city. There is a hierarchical environment at this TCC. During
each shift, at the first level, four operators with less work experi-
ence perform the monitoring task. Three operators with more work
experience work at the second level, and the third level is allocated
to the shift supervisor, who typically has the most experience.
Therefore, the supervisor usually manages the activities of seven
operators in each work shift. The supervisor superintends car ac-
cidents/incidents and camera and sensor failures at intersections.
In the TCC, 28 large LED monitors continuously indicate traffic load
at the main intersections, highways, and ring roads of the city.
Furthermore, during his work shift, each operator uses two moni-
tors at his desk and continuously monitors the video images of at
least 30 cameras at the intersections. Using such a system, the
operator will be able to manage traffic signal timing and phasing for
each intersection. He continuously moderates the signal timing to
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Fig. 1. Mashhad traffic control center.

reduce traffic density and diminish delays. Operators usually have
to resolve problems individually and without assistance. Such
problems might be detected by the system itself or reported by the
public or even local maintenance crews; all must be solved as soon
as possible. The cameras are located at the most critical in-
tersections in the city of Mashhad. Currently, 200 intersections are
equipped with traffic cameras, with additional cameras installed on
a continuous basis. The traffic cameras can pan, tilt, and zoom, and
when special events occur the operators can observe video images
of traffic conditions for all approach directions, adjacent in-
tersections, and corridors.

In the center we studied, 23 operators worked for 12 h in two
shifts, continuously. There was a morning shift from 6:00 to 18:00,
and a night shift from 18:00 to 6:00. Each operator worked for 12 h
and rested for 24 h (work-rest schedule: 12—24 h). The interval
between shifts was 24 h, and all operators worked both morning
and night shifts. The measurement time for the rest and recovery
period at the beginning and end of the experiment was conducted
exactly before or after of LTD (or HTD) condition for operators A-B
and operators C-D (Fig. 2). First, we wanted to conduct an experi-
ment among all TCC operators, but some of them did not cooperate.
We explained the aim of the study and, thereafter, 16 operators
agreed to participate in the study. We interviewed the operators
and supervisors and asked them to characterize their real working
conditions. We recognized that they experienced two different
conditions during each work shift: situations with low traffic
density, and situations with high traffic density in the city. Based on
their statements, both LTD and HTD occur during both morning and

Due time lRest *MLTD .HTD Recovery *

night shifts, particularly on Saturdays, Wednesdays, and Tuesdays.
Based on this information, measurements related to traffic condi-
tions were conducted between 9:00 and 14:00and 18:00 and
23:00. Environmental conditions, such as workplace lighting and
temperature, were suitable in the TCC. The average background
noise levels during the morning and night work shifts were 48 dB
and 43 dB, respectively. Furthermore, there were no accidents or
severe changes in climate that would have evoked rapid MW
change during the experiment. The experimenter specified a day
with LTD and HTD conditions for each operator, during which the
following steps were performed:

1. Before implementing the experiment, each operator was pro-
vided with the necessary information and descriptions, mainly
about the EEG and EOG measurements, and how to complete
the SWAT questionnaire. The dominant working posture of op-
erators was sedentary, in that they had continuously to monitor
the traffic load of their assigned intersections. To prevent errors
and failure during the measurement procedure, the experi-
menter asked operators to make the least possible number of
movements and to avoid talking to their colleagues while
physiological indices were recorded.

2. After wearing EEG and EOG electrodes, EEG and EOG signals for
each operator were recorded for five minutes in a resting con-
dition with open eyes in a quiet room. For those five minutes,
the operator's colleagues carried out his traffic monitoring for
him.

Saturday Sunday Monday
678 2101112 1314151617 1819202122 23 01 23 45678 91011 1213 14 1516 1718 192021 2 23 0123456 7 8§ 910 11 1213 14151617 18
rcy P [ B
B (day) - i
C (night)
D (night)

Fig. 2. An example of experimental procedure. *The measurement is only for 5 min in Rest and Recovery period.
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3. For each operator, while he monitored the LTD (or HTD) con-
dition, EEG and EOG signals were recorded for one hour. There
after, the experimenter asked each operator to complete the
SWAT questionnaire.

4. For each operator, EEG and EOG signals were recorded for five
minutes at the end of the shift with open eyes in a quiet room.

2.3. Subjective ratings

The subjective workload assessment technique (SWAT; Reid and
Nygren, 1988) is a multidimensional scale, including three di-
mensions: Time Load (TL), Mental Effort Load (MEL), and Psycho-
logical Stress Load (PSL). For each dimension, the levels have
descriptors that represent the lowest MW (level 1) to the highest
MW (level 3). De Winter (2014) suggested that the NASA-TLX is the
dominant scale in workload measurement and that other ques-
tionnaires, such as the SWAT, have gained modest popularity. He
stated that the NASA-TLX is not the most sensitive or predictive-
valid questionnaire available, but has been become popular
because it has reached sufficient escape velocity and is now the
clear choice for researchers. The SWAT has been criticized for
having low sensitivity owing to its only having three-point scales
(low, medium, and high) when measuring lower levels of MW
(Cain, 2007) and for having a long pre-task sorting procedure (Cain,
2007; Luximon and Goonetilleke, 2001). Luximon and Goonetilleke
(2001) conducted a study to evaluate five variations of the SWAT in
an attempt to improve sensitivity as well as reduce pretesting time.
They stated that variations in continuous scales were more sensi-
tive than those that used discrete scales, and that variation with
continuous dimensions that used an unweighted average of the
three SWAT dimensions (TL, MEL, and PSL) measured workload
with the highest sensitivity. This variation of the SWAT, the
Simplified-SWAT (S-SWAT; Luximon and Goonetilleke (2001)), has
been shown to hold the same statistical power as the SWAT tech-
nique, with increased sensitivity to lower levels of workload, and
has no pre-task procedures. Morgan and Hancock (2011) conducted
a driving simulation task containing demand transitions and eval-
uated perceived workload throughout the experiment with the S-
SWAT. They suggest that the S-SWAT may be able to gather sub-
jective workload data unobtrusively while participants perform a
vigilance task. Based on the above explanation, the S-SWAT was
chosen. After recording EEG and EOG signals for the LTD (or HTD)
condition, each operator completed the S-SWAT questionnaire. All
operators rated the three dimensions—TL, MEL, and PSL—on a
scale ranging from 0 to 100, in increments of ten units. An un-
weighted average of the three scores was used to quantify the
overall subjective workload levels. Furthermore, beside the S-SWAT
score, three dimensions of the SWAT were calculated from 1 to 3.

2.4. Physiological measurement

A NeXus-4 from Mind Media B.V. was used for data collection.
The NeXus-4 is a four-channel physiological monitoring and
biofeedback platform that utilizes Bluetooth technology 1.1 class
two wireless communication and flash memory techniques. This
system allowed for the acquisition of signals, including raw EEG,
ECG, EMG, EOG, etcetera. The acquired signals were wirelessly
transmitted, using Bluetooth wireless communication, for online
monitoring and data storage. Online graphic presentations of the
physiological parameters and retrieval of database, data processing,
digital filtering, report of trends and statistical analysis functions
were provided by compatible software (BioTrace + software®, Mind
Media BV, Roermond-Herten, The Netherlands). Physiological pa-
rameters from EEG and EOG were recorded for this study. Channels

operating at a sample frequency of 256 Hz were used to measure
brain activity (EEG) and eye activity (EOG). NeXus is one of the few
systems that has implemented active noise cancelation for physi-
ological signals. To measure these electrophysiological signals,
NeXus uses carbon-coated cables with active shielding, yielding
clean signals with no movement artifacts. NeXus uses active noise
cancelation technology, which reduces (movement) artifacts and
external interference and provides good quality EEG signals. Envi-
ronmental noise is electronically subtracted from the EXG signal,
resulting in clean signals with few artifacts. Movement artifact is
virtually absent; 50/60 Hz noise is low. For electrode placement, we
used the international 10—20 EEG system. We placed EEG elec-
trodes on the head using NuPrep (for skin preparation) and 10—20
EEG paste. We used input A of nexus for one channel of EEG. For a
basic one channel EEG signal recording typically the left ear (or
mastoid) was used for the reference electrode. The red electrode
was placed on Cz and the ground electrode (white) was placed on
the right ear. We optionally used the second channel (input B) for
EOG checking (measuring eye blinks and movements). To record
EOG (theta band), we placed one small ECG/EMG electrode above
and one below the left eye (Vertical EOG).

2.5. Data analysis

The difference between subjective responses in LTD and HTD
conditions during morning and night shifts for all dimensions and
overall SWAT scores were analyzed using two-way analysis of
variance (ANOVA). All physiological parameters were analyzed
applying a two-way (2 x 4) repeated measures ANOVA to examine
the differences between shift work and interactions with
measuring conditions (rest, LTD, HTD, and recovery). The Green-
house—Geisser correction was applied. The factor of shift included
the factor between subjects. The effect size index was reported, and
the Bonferroni multiple comparison method was used. The statis-
tical analysis was conducted using SPSS software, version 21.0. A 5%
significance level was adopted in all tests.

3. Results
3.1. Subjective workload

The age and work experience of operators were 29.44 + 2.61
(SD) and 3.37 + 2.28 (SD) years, respectively. The results of sub-
jective ratings of workload measured by SWAT across LTD and HTD
conditions are summarized in Table 1. SWAT score ranged from O,
representing no demand, to 100, representing maximum demand.
According to SWAT scale norms, 0—40 is considering low MW,
41—-60 moderate, and 61—100 high. Scores for the HTD and LTD
conditions fell into the moderate (41—60) and low MW (0—40)
categories, respectively. The operators reported higher task de-
mand across the two different conditions of traffic control tasks.
The results showed that, from the subjects' perspective, the degree
of difficulty varied based on traffic density for each condition. In the
LTD condition, mental effort loads (MEL) and in HTD condition time

Table 1
Comparison of subjective variables Means + SD across LTD and HTD conditions.

LTD condition HTD condition

SWAT-score 24.53 + 13.17 54.85 + 12.48
SWAT-TL 1.56 + 0.51 2.75 + 044
SWAT-MEL 1.87 £ 0.71 2.62 +0.50
SWAT-PSL 1.62 + 0.62 243 +0.63

SWAT: Subjective Workload Assessment Technique, TL: Time Load, MEL: Mental
Effort Load, PSL: Psychological Stress Load.
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load (TL) were most important. The results of subjective ratings of
workload measured by SWAT across three conditions based on shift
work are summarized in Table 2. In both morning and night shift
work, operators reported progressively higher task demand across
the two different conditions of traffic control tasks. In the LTD
condition in morning and night shift work, MEL was more impor-
tant than other dimensions. In the HTD condition, TL was more
important than other dimensions in the morning shift work and
MEL in the night shift work. A two-way ANOVA of the three SWAT
dimensions revealed a significantly higher TL (p < 0.001) and MEL
(p < 0.001), and more psychological stress load (PSL) (p < 0.001),
and a SWAT score (p < 0.001) at HTD, compared to the LTD condi-
tion. Furthermore, significant shift-MW interactions were not
found for all dimensions of SWAT (Table 2). Changes in SWAT scores
between shifts across the two traffic densities are plotted in Fig. 3.

3.2. Physiological measures

The mean values including the standard errors of all operators'
physiological indices in the rest, LTD, HTD, and recovery conditions
are illustrated in Table 3. While traffic density increased, operators'
alpha band values decreased and their eye activity increased. The
results of the 2 x 4 repeated measures ANOVA indicated that
increasing traffic load or MW had a significant main effect on the
following features: theta, alpha bands of EEG and eye activity.

A 2 x 4 repeated measures ANOVA revealed a significant main
effect of MW on theta band activity (F(2.341, 35.115) = 51.807,
e = 0.780,p < 0.001). A Bonferroni post-hoc test showed that there
was a significant difference for mean theta band between rest and
HTD (p = 0.001), rest and recovery (p = 0.001), LTD and recovery
(p = 0.001) and LTD and HTD (p = 0.003). A 2 x 4 repeated mea-
sures ANOVA showed a significant main effect of MW on alpha
band activity (F(1.577, 23.653) = 14.474, ¢ = 0.526, p = 0.001).
Bonferroni post-hoc comparison revealed no significant difference
for mean alpha band between recovery and LTD (p = 0.872). There
was a significant difference between rest and HTD (p = 0.001), LTD
and HTD (p = 0.001), HTD and rest (p = 0.001) and rest and re-
covery (p = 0.015). A 2 x 4 repeated measures ANOVA revealed a
significant main effect of MW on eye activity (F(2.192,
32.885) = 81.089, £ = 0.731, p < 0.001). A Bonferroni post-hoc test
indicated a significant difference for mean eye activity between rest
and LTD (p = 0.001), rest and HTD (p = 0.001), and LTD and HTD
(p = 0.001). No significant difference for mean eye activity between
LTD and recovery (p = 0.320) and rest and recovery (p = 0.170) was
observed.

The changes in physiological indices among TCC operators be-
tween shifts are plotted in Fig. 4. The mean values, including
standard errors of all variables and results of statistical analysis in
the resting, LTD, HTD, and recovery conditions are illustrated for
both morning and night shift work, in Table 4. The results indicate

Table 2

100 OLTD

90 HTD
80
70

60
o0 [ I I
40
30

20
10
0

Morning Night

S-SWAT score

Average

Shift Work

Fig. 3. Changes in S-SWAT score between shifts across two traffic density. Error bars
indicate standard errors of the mean.

Table 3
Comparison of physiological variables Means + SE across rest, LTD, HTD and recovery
conditions.

Variables Rest LTD condition HTD condition Recovery

Theta (pv) 1673 +£0.93 18.13 +148 26.83+146 10.82 +0.36
Alpha (uv) 1247 £ 0.35 11.48 + 0.40 9.90 + 0.32 10.66 + 0.34
Eye activity (uv) 17.70 £ 094 25.00 + 091  42.08 + 2.01 21.65 + 1.60

that shift work did not have any effect on the following features:
theta, alpha bands of EEG, and eye activity. Thus, the main effect of
shift-MW interaction was not significant for the mentioned indices
during the four conditions (Table 4).

4. Discussion

In the current study, the brain and eye activity of operators at a
TCC was investigated in real working conditions, while monitoring
low and high traffic density congestion. Eye activity was recorded
using EOG; brain activity was recorded using EEG. There have been
few studies on MW using EEG and EOG in actual working condi-
tions, especially in TCC operators. Findings of SWAT indicated that
task demand was higher for operators in the HTD condition than in
the LTD condition (moderate MW). MEL was dominant in the LTD
condition; TL in the HTD condition. Operators reported needing
more MEL compared to other dimensions in the LTD condition
during both morning and night shifts. In the HTD condition, TL in
morning shift work and MEL during night shifts were more
important than the other dimensions. The findings indicate that
operators try to maintain their performance at the highest level in
both LTD and HTD condition during both morning and night shifts.
However, an increase in traffic load during the HTD condition in
morning and night shifts increases time pressure and mental

Comparison of subjective variables Means + SD across LTD and HTD conditions in the morning and at night shift work.

Two way ANOVA result

LTD condition HTD condition Shift p value MW p value Shift x MW p value Shift effect size MW effect size Shift x MW effect size

Variables

SWAT-score morning 26.44 + 11.98 55.55 + 1434 0.684 <0.001
night 23.03 + 1455 5431 +11.71

SWAT-TL morning  1.71 + 0.48 2.85+0.37 0.312 <0.001
night 1.44 + 0.52 2,66 + 0.5

SWAT-MEL morning  1.85 + 0.69 242 +0.53 0.509 <0.001
night 1.88 + 0.78 2.77 + 044

SWAT-PSL morning  1.71 + 0.48 2.57 +0.78 0.478 <0.001
night 1.55 £ 0.72 233+05

0.769 0.012 0.832 0.006
0.710 0.073 0.901 0.010
0.290 0.032 0.646 0.079
0.819 0.037 0.621 0.004

MW: Mental Workload, SWAT: Subjective Workload Assessment Technique, TL: Time Load, MEL: Mental Effort Load, PSL: Psychological Stress Load.
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Fig. 4. Changes in physiological indices across four conditions between shifts. Error
bars indicate standard errors of the mean.

demand, which may increase the stress experienced by operators
while performing their work.

We used EOG activity for the left eye to evaluate MW in oper-
ators while monitoring traffic density. They must continuously
focus their attention on visual displays to monitor the traffic den-
sity of intersections. The results from the eye activity showed that

Table 4

the electrical activity amplitude was higher during the HTD than
the LTD condition. This means that eye blink duration was shorter
during HTD during LTD conditions. In HTD conditions, operators
need continuous focus and spend more time watching the moni-
tors, shortening blink duration. These results were similar to pre-
vious studies (Doppelmayr et al., 2008; Wilson and Russell, 2003a;
2003b; Veltman and Gaillard, 1998; Wastell and Newman, 1996).

In this study, it was observed that by increasing traffic density
and more visual information processing EEG theta band activity
increased. Similarly, during a flight scenario investigated by
Hankins and Wilson (1998), the theta band of the EEG increased in
mental calculation conditions. In addition, Fairclough et al. (2005)
reported that theta activity increased in parietal areas in response
to increased task demand. This result confirms the findings of
studies on working memory load (Gevins et al., 1998; Smith et al.,
2002), visual search task (Yamada, 1998), multiple attribute task
battery (Fournier et al., 1999), and flight simulations (Smith et al.,
2001) in which EEG theta activity in frontal areas reportedly in-
creases with increasing task demand.

The EEG results indicate that the EEG alpha band amplitude was
lower during the HTD than the LTD condition. These differences
were statistically significant. The graph showed that the mean
amplitude of the EEG alpha band tended to decrease as traffic
density increased. The decreased EEG alpha band amplitude in-
dicates that the operators experienced fatigue. This finding con-
firms the results of prior studies demonstrating the inverse
relationship between alpha band activity and task difficulty (Gevins
et al,, 1998; Sterman and Mann, 1995). According to the Ryu and
Myung (2005) study, alpha band suppression indicated a system-
atic decrease, as the difficulty of the arithmetic task increased.
Klimesch et al. (1997) indicated that alpha band activity is espe-
cially sensitive to memory demand. Alpha band activity at parietal
sites decreases with increases in working memory load (Fairclough
et al., 2005; Fournier et al., 1999; Gevins et al., 1998; Smith et al.,
2001; Sterman and Mann, 1995). Thus, this study indicates that
traffic control center stressors lead to changes in EEG bands and eye
activity. Significant differences were observed in the subjective
experience of MW.

4.1. Limitations

The study included some limitations. All TCC operators were
males, with a mean age of less than 30 years. Thus the study did not
address the effects of gender, nor did it report any gender differ-
ences while quantifying the effects of traffic density on physio-
logical responses. Most studies have not directly compared the
physiological response to MW of males and females. Dittmar et al.
(1993) concluded that females experience MW as more difficult
than males. Sato and Miyake (2004) suggested the possibility that
females have an advantage over males with respect to MW levels.
Another recent study suggested that gender does not affect the
physiological response induced by the cognitive demand of similar

Comparison of physiological variables Means + SE across rest, LTD, HTD and recovery conditions in the morning and night shift work.

Repeated measures ANOVA result

Variables Rest LTD HTD Recovery Shift p MW p Shift x MW p  Shift effect MW effect Shift x MW effect ¢
value value value size size size
Theta (uv)  morning 15.81 + 1.38 17.40 + 1.52 24.71 + 1.87 10.61 + 0.66 0.314 0.001 0.585 0.033 0.417 0.006 0.775
night 17.44 + 1.29 18.69 + 2.41 28.48 + 2.06 10.98 + 0.48
Alpha(pv) morning 12.43 + 0.55 11.29 + 0.55 10.15 + 0.48 10.81 + 0.35 0.886 0.001 0.655 0.005 0.753 0.038 0.511
night 12.50 + 0.48 11.63 + 0.60 9.71 + 0.45 10.53 + 0.57
Eye activity morning 18.31 + 1.34 24.69 + 1.39 42.00 + 2.91 21.70 + 2.08 0.956 0.001 0.935 0.091 0.803 0.018 0.724

(uv) night  17.22 + 1.36 25.25 + 1.28 42.14 + 2.93 21.62 + 2.45
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mental tasks (Pérusse-Lachance et al., 2012). Experimenters found
that shift work probably did not have affect physiological response;
the limited number of operators working each shift might explain
this. In this study, the work-rest cycle of operators was between 12
and 24 h. Investigating the MW of a larger number of operators
with eight to 16 work-rest cycles might yield more robust results.

4.2. Conclusion

Many studies have been conducted in laboratory settings. The
findings and conclusions of such studies on MW and its health ef-
fects on human operators cannot necessarily be applied in real
workplaces. For this reason, we conducted this study in a TCC under
working conditions. The findings show that traffic congestion has a
significant effect on physiological variables and that shift work was
not significantly related to shift work. Although subjective re-
sponses to HTD conditions were moderate, MW should be
considered appropriate, but changes in EEG bands such as alpha,
theta and eye activity demonstrate that, when the work experience
of operators increases mental fatigue and stress might be detri-
mental to the mental health of operators. Thus, on the results reveal
that if the responsible stakeholders are aware of the MW of TCC
operators, human resources for LTD and HTD conditions can be
organized to sustain appropriate MW as well as to improve city
traffic control management.
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