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Abstract

Background: Human brain performance and arousal are still challenging and critical, especially in environments such as power
plants. Since different emotions are common in daily work life and have inevitable effects on cognitive performance, it is important
to evaluate whether emotional interventions can alter brain arousal. Poor cognitive performance in control room operators (CROs)
can lead to mental fatigue and affect their cognitive emotion regulation. To address this issue, flicker fusion frequency (FFF) was
employed as a simple and reproducible surrogate index for mental fatigue.

Objectives: This study aimed to investigate whether emotionally loaded visual stimuli can alter brain arousal (brain fatigue) or is
associated with cognitive emotion regulation (CER) ability.

Methods: Flicker fusion frequency was assessed by RT-961, and the International Affective Picture System (IAPS) was adopted as
the picture database of stimuli. Additionally, the Cognitive Emotion Regulation Questionnaire (CERQ) was used to determine the
participants’ cognitive emotion CER ability. Twenty volunteer CROs from Fars Combined Cycle Power Plant participated in this study.
After completing the CERQ, they were assessed at 2 different time points (ie, before and after presenting emotional stimuli). Flicker
fusion frequency was assessed 20 times at each round, and the average frequency was recorded. Emotionally loaded images were
considered as stimuli. The stimuli sets were classified based on their arousal levels and valences, yet they were presented in random
order. Subjects were exposed to each image for 5 seconds (30 minutes in total).

Results: The participants’ mean age was 39.55 + 7.02 years. The first and second FFFs were 42.15 + 3.90 and 41.96 + 3.98 in the appro-
priate group and 42.82 + 3.59 and 42.26 + 4.07 in the inappropriate group. Based on the statistical tests, there were no significant
relationships between the measurements (P> 0.05).

Conclusions: Control room operators may positively maintain their brain arousal during specific emotional stimuli when the in-
tervention lasts less than 30 minutes. Considering the prolonged working hours in such industries (roughly over 8 hours a day) and
the importance of cognitive aptitude in preventing work-related errors, we propose this line of research to gain momentum.
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1. Background

Itisobvious that the human brain is the command cen-
ter of the human nervous system, receiving signals from
the body’s sensory organs and directing information to
the feedback system. However, many aspects of cognitive
performance and emotion (ie, inner feelings such as fear,
anger, shame, etc) (1), which affect brain arousal and cog-
nition, are still unclear. Emotion is also connected to cog-
nitive processes (2). It is generally accepted that emotions

influence the capability of a person to perform a given
task (3). In physical activities, for example, emotion plays
a major role in the quality of the athlete’s performance
(3)- Physiologically and psychologically, emotions influ-
ence the health status of humans (4). Moreover, emotions
are strong determinants of behavior, thinking, and experi-
ence and can be regulated in different ways (5). The mem-
ory of both positive and negative emotional stimuli, for
instance, appears to be more effective than neutrals (6).
In addition, attention seems to be captured by emotional
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stimuli (3), and cognitive performance can further be af-
fected by the perception of emotional stimuli (7). The de-
fective recruitment of predominantly prefrontal emotion
regulatory networks causes failure to effectively downreg-
ulate negative emotions (8). Itis evident thatin mental and
cognitive tasks, emotions have inevitable and distinct ef-
fects on performance, contributing to possible errors. This
isstill challenging to know when facing emotions can limit
performance by reducing brain arousal.

Furthermore, emotions encompass every second of
our life and the world (4); thus, separating emotions from
our behavior and activities is somehow impossible, es-
pecially when emotions can cause different changes and
deeply affect our cognitive performance. Therefore, the
role of emotions in our life cannot be denied. A fundamen-
talneed in our daily life, accounting for psychological func-
tioning and mental well-being, is the capacity to deal with
emotional circumstances using cognitive emotion control
(8).

One of the most common ways to experience emotions
is the visual sense; thus, visual-loaded emotional stimuli
can be considered a good choice for assessing emotional al-
terations. The effects of emotionally loaded stimuli on dif-
ferent features of cognitive performance have been investi-
gated in several studies (3). Another important item is the
effect of emotions on brain arousal and brain fatigue (or
cognitive fatigue), which can increase human errors and
decrease cognitive performance, a matter that needs to be
further investigated.

Mental fatigue is a very common experience, which is
also known as cognitive fatigue or mental work-related fa-
tigue (9). Moreover, fatigue is normal enough to be eas-
ily ignored (9), especially after performing ordinary du-
ties, such as analyzing work-related data, preparing task re-
quirements, planning actions, or other similar activities,
causing us to feel fatigued (9). Despite many examples of
this type of fatigue in our daily life, it is still poorly under-
stood (9).

Flicker fusion frequency (FFF) has been used in fatigue
research (10). Reduction in the FFF score is followed by fa-
tigue development (10). It is believed that FFF can represent
the fundamental temporal characteristics of the visual sys-
tem and is, therefore, a proportional measure of its per-
formance (11), for which strong test-retest repeatability has
been achieved based on FFF measurements (11).

Cognitive emotion regulation (CER) ability is another
important issue experienced after facing stressful and un-
comfortable situations. This ability is defined as a set
of cognitive processes through which people can deviate
from the spontaneous direction of emotions to align their
experimental, behavioral, and physiological responses. Be-
sides being crucial in the field of mental health, this ability

is also essential in cognitive performance (12). As a result,
improper management of emotions, stress, anxiety, and
worries can affect executive functions, leading to a chain of
wrong decisions, unsafe and incorrect actions, errors, and,
finally, poor performance (13).

One of the mostimportant tasks is the control of power
plants, which has a high mental load. Control room oper-
ators (CROs) experience a huge mental workload as their
jobdemands multitasking, which can exert much pressure
on them, even when reporting tasks (14, 15). Because of
the complexity of systems and the importance of human-
machine interactions in such workplaces, a simple mistake
may lead to a big disaster. Therefore, the regulation of
brain arousal and avoidance of brain fatigue are necessary
to reduce human error.

2. Objectives

This study aimed to investigate whether emotionally
loaded visual stimuli can alter brain arousal (brain fa-
tigue). This question was examined by FFF to test brain
arousal before and after facing emotionally loaded stimuli.

3. Methods

3.1. Cognitive Emotion Regulation Questionnaire

The Cognitive Emotion Regulation Questionnaire
(CERQ) is one of the valuable tools for assessing CER ability.
This tool was developed to highlight CER strategies when
encountering stressful life events. The short form of this
questionnaire has 18 questions, assessing 9 subscales, each
of which is assessed by 2 questions.

These subscales include self-blame, other-blame, fo-
cus on thought/rumination, catastrophizing, putting into
perspective, positive refocusing, positive reappraisal, ac-
ceptance, and refocus on planning. Positive refocusing,
positive reappraisal, acceptance, and refocusing on plan-
ning subscales are more adaptable than self-blame, other-
blame, focus on thought/rumination, and catastrophizing
subscales (16).

These 9 subscales are scored on a 5-point Likert scale
ranging from 1 (never) to 5 (always). The lowest and high-
est scores in each subscale are 2 and 10. Based on the num-
ber of questions, a higher score indicates that the indi-
vidual uses the cognitive strategy more effectively. Since
no cutoff point has been defined for this questionnaire,
the difference between the scores of adaptive strategies
(appropriate) and non-adaptive strategies (inappropriate)
was used to distinguish between appropriate and inappro-
priate groups in terms of CER ability. Higher scores were
used to determine the dominant strategy (17).
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3.2. International Affective Picture System

The International Affective Picture System (IAPS) is
used to provide the ratings of effects for a large set of emo-
tionally evocative, internationally accessible color pho-
tographs, including content across a wide range of seman-
tic categories (18). This system is a pool of pictures whose
arousal and valence are defined; thus, researchers can se-
lect the desired pictures that represent joy, fear, etc. In
this study, different blocks of pictures were used to trig-
ger emotions. Five emotional blocks were repeated twice;
thus, a total of 10 emotional blocks with neutral blocks
were obtained. Each block contained 13 pictures taken
from IAPS. The characteristics of each block were defined
as (1) high arousal and positive valence, (2) high arousal
and negative valence, (3) low arousal and positive valence,
(4) low arousal and negative valence, (5) medium arousal
and neutral valence (as emotionally loaded stimuli), and
(6) low arousal and neutral valence (as neutral stimuli). In
total, 164 pictures were selected from IAPS to induce emo-
tions. For each emotional picture, 5 seconds, and for each
neutral picture, 10 seconds were dedicated; thus, the total
time of display was 1500 seconds (25 minutes).

Participants were exposed to emotional stimuli in a
room with a computer workstation that was perpendicu-
lar to a window. The participants were asked to sit in front
of the monitor and try to focus on each picture.

3.3. Flicker

Flicker fusion frequency, also known as critical flicker
fusion or flicker fusion threshold, is defined as the fre-
quency at which an intermittent light stimulus appears to
be completely steady to an average human observer.

The frequency at which flickering light can be per-
ceived as continuous is known as the critical flicker fusion
frequency (CFFF), which is used to evaluate how well tem-
poral vision is processed. The crucial flicker fusion thresh-
old (or threshold for flicker fusion [TFF]) represents the
maximum speed of flickering light that can be perceived
by the visual system as the upper limit of one’s visual pro-
cessing ability. Accordingly, TFF is used as a functional
index of the cerebral nervous system (CNS), which is de-
scribed as alertness and cortical arousal in humans due to
its effectiveness in detecting rapid changes (19). Based on
itsrelation to the CNS, TFF can be a measure of brain fatigue
or brain arousal, which is a very important factor associ-
ated with human error and performance in industries.

Also, RT-961 was used to assess participants’ TFE. This
partof the study was conducted in a completely dark room.
The subjects were asked to sit in front of the machine.
When the subjects were ready to start, the test was run by
the researcher. The subjects were then asked to inform
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the researcher whenever they perceived a change in the
light source. The frequency of the device was changed, and
when the subjects verbally gave feedback on understand-
ing the change under light, the response frequency was
recorded. This test was repeated 20 times, and the average
of the highest scores was reported as the final result.

3.4. Participants

Twenty CROs from Fars Combined Cycle Power Plant
were recruited in this study. In this plant, operators in the
central control room work in 4 equally long shifts (A, B,
C, and D). The operators had to work in a 12/48 work/rest
schedule. Inclusion criteria were having at least 24 years of
age and 4 years of work experience. Exclusion criteria were
self-reported psychological disorders (drug users) and a
history of neurosurgical operations. The participants took
part in the research voluntarily. Over nearly 20 years, IAPS
hasbeen used as a collection of emotional pictures and one
of the most commonly used databases for visual stimula-
tions worldwide (2).

3.5. Procedure

The purpose of the study was explained to CROs. Fur-
thermore, they were free to withdraw from the study
at any time. On the same day, the questionnaires were
given to the CROs in their workplace and then were col-
lected. Only this phase of the study was conducted in
the control room. The other phases of the study were
conducted at the DANA Brain Health Institute. All par-
ticipants completed a consent form after attending the
laboratory. This study was approved by the Ethics Com-
mittees of Tehran University of Medical Sciences (code:
IR.TUMS.SPH.REC.1398.003) and Shiraz University of Med-
ical Sciences (code: IR.SUMS.REC.1398.1026). The partici-
pants should have slept well the night before attending the
laboratory and avoided alcohol, caffeine, and cigarettes.
All the experiments were performed between 9 and 12 AM.
First, brain arousal via FFF was recorded in a dark room,
as described before. Next, the participants were admit-
ted to the room with a computer workstation to face emo-
tional stimuli. Finally, after showing the pictures, the brain
arousal of the participants was recorded again.

SPSS version 16 (SPSS Inc, Chicago, IL, USA) was used for
statistical analysis. In this regard, the Shapiro-Wilk test was
used to assess the normality of data. The results are pre-
sented as mean and SD for quantitative variables. Corre-
lation between variables was also investigated using the
Pearson correlation coefficient. P values less than 0.05
were considered statistically significant.
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4. Results

A total of 20 male subjects were included in the exper-
iment, whose age and work experience were 39.55 £ 7.02
and14.85* 6.77years, respectively. The mean of sleep hours
the night before the test was 6.9 + 1.51. Moreover,30% of the
participants were selected from shifts A, C, and D, and 10%
from shift B. Table 1 presents the demographic data of the
subjects.

Table 1. Demographic Parameters

Parameters Mean + SD
Age (year) 39.55+ 7.02
Work experience (year) 14.85+ 6.77
Hours after the shift 4036 + 22.79
Sleep the night before the test (hour) 6.9  1.51

The first recorded FFF was 42.48 + 3.66, and the second
was 42.10 £ 3.91. The comparison of these 2 mean values
indicated no significant difference (P=0.34).

There was a significant positive correlation between
the first and second TFFs (r = 0.891, P = 0.000). Moreover,
age had a negative correlation with the first and second
TFFs (r =-0.125 and r = -0.066, respectively), but these val-
ues were not significant (P=0.601and P=0.789). The same
was true for job experience and sleep hours the night be-
fore the test. Table 2 shows the results of the correlation
analysis.

Moreover, the data were analyzed using CERQ scores
and according to the characteristics obtained via CERQ.
Then, an independent sample t test was used to compare
the FFF results between the appropriate and inappropriate
groups, showing no significant differences (Table 3).

The results of the correlation between the variables in
theappropriate and inappropriate groups are presented in
Tables 4 and 5, respectively.

5. Discussion

Flicker fusion frequency has rarely been used to ex-
plore brain arousal after facing emotionally loaded visual
stimuli in CROs and individuals with appropriate and inap-
propriate abilities in CER. When CROs are in the workplace,
many different types of emotional stimuli may make them
happy, sad, angry, etc. All of the emotional stimuli can
have an inevitable effect on performance in the workplace.
Therefore, the ability to maintain optimal performance de-
spite different emotional stimuli is a matter of concern,
especially in workplaces with high mental demands. Of
course, emotional stimuli can lead to higher performance
levels (20), but the extent and scope, diversity, and some

other parameters are not clear. In this study, a mixture
of positive, negative, and neutral pictures with different
arousal levels was used as emotional stimuli. Moreover,
the total exposure time was about half an hour. In real life,
there might be a mixture of stimuli with a variety of expo-
sure time intervals. However, the results of this study in-
dicated that CROs could maintain their brain arousal at an
appropriate level.

It is common knowledge that emotions affect a per-
son’s capability to perform a particular task (3). However,
regardless of whether an emotion is pleasant or unpleas-
ant, the human amygdala appears to alter the intensity of
the conscious recall of experiences with emotional rele-
vance (6). Furthermore, we did not observe any significant
difference in FFF before and after facing emotional stimuli,
neither in the appropriate and inappropriate groups nor
in general (without considering the differentiation factor).
Some studies have reported opposite results regarding the
relationship between stimuli and FFF, indicating that in-
termittent sounds with varying frequencies have an inter-
sensory effect on CFFF (21), which is different from the re-
sults of the present research. This discrepancy may be be-
cause of CROs’ cognitive abilities that enable them to en-
hance their skills to cope with difficult situations. More-
over, it should be helpful to expand this research based on
CER ability and emotionally loaded visual stimuli in the pe-
riod when the subjects are exposed to pictures or any other
stimuli.

Previous studies have suggested that different cogni-
tive abilities are negatively impacted by sleep deprivation,
indicating a role for sleep in emotional regulation. Over-
all, sleep deprivation for 1 night makes it more likely for
healthy participants to perceive emotionally neutral stim-
uli as unpleasant (22). However, in our research, there was
no significant correlation between FFF results and sleep
hours the night before the test and hours after the shift.
The only significant relationship was the negative correla-
tion between “hours after the shift” and age and work ex-
perience.

Our results demonstrated that CROs with appropriate
or inappropriate CER abilities could properly manage their
brain arousal and mental fatigue. Based on the results
of previous studies, emotion regulation is crucial to cope
with stressors and can also be influenced by stress. Addi-
tionally, mixed evidence shows that stress can positively or
negatively affect CER depending on stress timing, sex, or
emotion regulation strategies. Stressed men have better
cognitive regulatory engagement, which ultimately may
lead to better emotion regulation outcomes (8). These no-
tions can explain our results since all CROs studied here
were men and, therefore, able to manage the situation

properly.
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Table 2. Correlation Between the First and Second Flicker Fusion Frequency and Demographic Data

Parameters

1 2 3 4 5
1. Age (year)
2. Work experience (year) 0.937°
3. Hours after the shift -0.359 -0.403
4. Sleep the night before the test (hour) 0.218 0.331 -0.103
5. First flicker fusion frequency -0.125 -0.109 -0.187 -0.191
6. Second flicker fusion frequency -0.066 -0.091 -0.286 -0.062 0.892°
2 Correlation is significant at 0.01 level.
Table 3. The First and Second Flicker Fusion Frequency in the Appropriate and Inappropriate Groups
Flicker Fusion Frequency Mean + SD P-Value
First Flicker Fusion Frequency
App.* 4215 £ 3.90 0.694
Inapp.® 4282+ 3.59 0.695
Second Flicker Fusion Frequency
App. 4196 + 3.98 0.870
Inapp. 4226+ 4.07 0.871
@ Appropriate group (cognitive emotion regulation)
Inappropriate group (cognitive emotion regulation)
Table 4. Correlation Between the First and Second Flicker Fusion Frequency in the Appropriate Group
Flicker Fusion Frequency 1 2 3 4 5
1. Age (year)
2. Work experience 0.912°
3. Hours after the shift 0.179 0.76
4. Sleep the night before the test (hour) -0.064 0.069 -0.359
5. First flicker fusion frequency -0.294 -0.220 -0.052 0.216
6. Second flicker fusion frequency -0.095 -0.070 -0.285 0.494 0.881%
? Correlation is significant at 0.01level.
Table 5. Correlation Between the First and Second Flicker Fusion Frequency in the Inappropriate Group
Flicker Fusion Frequency 1 2 3 4 5
1. Age (year)
2. Work experience (year) 0.959°
3. Hours after the shift -0.685° -0.705°
4. Sleep the night before the test (hour) 0.419 0.508 0.284
5. First flicker fusion frequency -0.011 -0.006 -0.349 -0.591
6. Second flicker fusion frequency -0.044 -0.102 -0.304 -0.619 0.905°

2 Correlation is significant at 0.01level.
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In this study, we did not find any significant relation-
ship between FFF and age, which is in line with other
studies, suggesting that although adults of different ages
exhibit various responses to negative stimuli, similar re-
sponses to various emotions can be found in each age
group (23).

Physical fatigue has a significant impact on decision-
making, especially when doing effortful tasks. Previous
studies have shed light on how fatigue increases the sub-
jective value of effort (ie, making it more costly) (24). De-
spite the complicated situation in control rooms, there
was no significant relationship between FFFs in partici-
pants after they encountered stimuli which could be at-
tributed to the fact that they had an adequate sleep the
night before the test.

5.1. Limitations

The recruitment of only male participants can be men-
tioned as a limitation of this study. In fact, we could not
recruit female participants in this research. Moreover, be-
cause of special circumstances, performing all the tests in
the control room was impossible; thus, we had to invite op-
erators to our brain health institute.

5.2. Conclusions

In summary, CROs seemed to be able to maintain their
brain arousal appropriately after facing emotional stim-
uli, especially when the intervention was no longer than
30 minutes. Considering the prolonged working hours
in such industries (roughly more than 8 hours a day) and
the importance of cognitive aptitude in preventing work-
related errors, we propose this line of research to speed up
studies in this field. Although improving CER and main-
taining brain arousal at a proper level are crucial, CROs
working at Fars Combined Cycle Power Plant were able
to manage emotional stimuli during their work shifts, at
least when the duration of exposure to stimuli was about
half an hour.
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