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Physiological mechanisms of emotional intelligence
in operators with different work efficiency
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Abstract — In this work it is shown that the effectiveness of
operator's activities is higher in individuals with medium
emotional intelligence than in those with low emotional
intelligence. It is achieved due to the greater expression of the
alpha rhythm for 69 % in amplitude and for 78 % in the index,
low-frequency beta-rhythm amplitude for 50 %, lower expression
of the delta-rhythm in the index for 22 % at rest. In addition, the
group with medium emotional intelligence compared to the group
with low emotional intelligence demonstrates 10.5 % higher
ability for emotional assessment of faces, 8.9 % more developed
ability to understand emotional transitions, 13.6 % better ability
for emotional assessment of the images and 75.9 % higher ability
to describe their emotional state.

Keywords—emotional intelligence, operators work, work
efficiency, physiological mechanisms, bioelectrical activity of brain.

I. INTRODUCTION

A steady increase in the pace of technological progress,
the increasing role of automated control systems in various
industries, a significant increase in the volume of
information, analyze control personnel, leads to the inevitable
increase in the burden on operators in the system “man-
machine”, and, as a consequence, to tighten the requirements
imposed on operators. In these conditions the special urgency
is acquired, the optimization of operators' labor in general,
and different ways of impact of information on decisions
taken by the man, his work and behavior in particular. In this
regard, currently, the development of psychophysiological
aspects of the problem of increasing the efficiency and
reliability operators® work is one of the main directions of
engineering psychology and physiology of labor [1, 2, 3].

There is an urgent need for detailed analysis not only of
the external technical means of optimization of operator's
activities, but also focused on the human part of the system of
psychophysiological means. Thus, to the fore comes the
search for new highly informative criteria, allowing to
optimize the professional orientation and professional
selection of persons to perform operator's work [4]. In our
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opinion, the high level of emotional intelligence (EI, EQ) can
be such a suitable criterion.

The choice of this criterion is due to the fact that the work
of the human operator, like any other activity, is emotionally
charged and emotionally dependent, because the emotional
background is closely linked to motivational and volitional
spheres. In addition, emotional intelligence is the ability of a
person to critically analyze emotions, thoughts, motives and,
consequently, is the capacity for purposeful management of
behavior. Emotional intelligence is the understanding of the
emotional and motivational sphere of others, the ability to
manage their emotions and predict behavior, and, therefore, is
the capacity for optimal management of the labor process.

In this case it is possible and expedient use of the concept
of emotional intelligence as the basis for assessing and
forecasting the impact of operator performance in different
conditions and for a detailed study of the physiological
provision of personnel.

II. GOAL

The goal of the current research is to study the degree of
emotional intelligence influence and its individual components,
as well as bioelectrical activity influence on the brain
performance of a man-operator.

III. MATERIALS AND METHODS

The meeting was attended by 31 participants: 9 (29%)
males and 22 (71 %) females. At the time of inclusion in the
study all participants were aged from 18 to 26 years. This age
gap relates to the time when career choice is made. According
to the results of the medical examination, all participants were
deemed healthy.

All study participants had only basic skills of operator
activity of the sensory profile.

To achieve the goals of this research the following methods
were used:
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1) electroencephalography (EEG)1 — international scheme
of installation of electrodes "10-20 %" was used) [5];

2) simulated operator activity [6];
3) test of emotional intelligence (EQ-test) [7].

Modeling of operator activity was made with the help of
original computer program "Smile" v. 1.3 [6].

This program allows you to evaluate the effectiveness of
operations, senso-motor tracking for three periods (duration of
each period of 3 minutes), which vary in speed and degree of
randomness of the movement of the cursor, target, and
duration. Each subsequent study period was characterized by
the increasing complexity of tasks. The delay in the movement
of the cursor for a first period of testing was 200 ms, the
second — 100 ms, and the third — 50 ms. The randomness in the
movement of the cursor for a first period of testing was 100, for
the second — and the third for 1000 — 10000 conventional units.

Methods of operations research senso-motor tracking
consisted of the following (model of operator activity): on a
black background monitor screen was moving a white cursor
size in one participant is offered as quickly as possible and to
accurately match on-screen cursor manipulator (mouse)
moving around the screen object. Before testing, all subjects
were instructed in detail about the upcoming mission, and
within 10 minutes had the opportunity to work out in its
execution. When testing the tracking duration was 9 minutes,
which is sufficient for the adaptation to the examinee
performed the task.

For each subject in each period of the test program was
carried out to record all the values of the distance between the
moving object and the cursor of the manipulator — this distance
was measured on each cycle of movement of the object in
millimeters. The program also calculated the average values of
this parameter for each period and the whole test in general.

IV. RESULTS AND DISCUSSION

According to the results of the EQ-test all participants were
divided into three groups: low EQ (if EQ<M-c), mid EQ (if M-
6<EQ<M+o), high EQ (if EQ>M+0). Next, we evaluated the
parameters of the structure of emotional intelligence in selected
groups with validation of differences. The distribution of the
analyzed sample differed from the normal one (based on the
values of kurtosis and asymmetry), and that's why the non-
parametric Mann-Whitney U-criterion was used (table 1).

TABLE I. THE STRUCTURAL PARAMETERS OF THE EQ IN GROUPS WITH
DIFFERENT EMOTIONAL INTELLIGENCE (U-MANN-WHITNEY TEST)

EQ structure EQ groups ;
parameters Low EQ Mid EQ High EQ
M=xm (n=5) | M+m (n=24) | M=m (n=2)

Emotional evaluation | 3¢, 0513 | 0.42£0.012 | 0.41+0.046
of faces
Ability to recognize
emotions, which

> 0.33+0.011 0.30+0.036
effectively facilitate 0.30+0.037
specific activities
The ability to
understand the 0.45£0.012° | 0.49+0.011 | 0.44+0.006
transitions of
emotions,
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EQ groups
Mid EQ
M=Em (n=24)

EQ structure
parameters

Low EQ
M=+m (n=5)

High EQ
M=Em (n=2)

mechanisms of their
variability and the
flow of emotions in
time

Ability to regulate
own emotional states
Emotional
assessment of the
images

Ability of a person to
describe his or her
emotional state
Ability to distinguish
mixed and complex
feelings and to
understand the
interactions of
emotions

Ability to regulate
emotional states of
other people

Final EQ-test result

0.34+0.020 | 0.35+£0.008 | 0.37+0.044

0.44+0.016" | 0.50+0.014 | 0.42+0.170

0.29+0.046" | 0.51+0.009 | 0.48+0.070

0.47+0.038 | 0.52+0.008 | 0.51+0.005

0.34+0.041 0.34+0.009 | 0.44+0.020

0.38+0.013* | 0.47+0.005° | 0.53+0.010

A significant difference with the average EQ group (p<0.05).
A significant difference with the high EQ group (p<0.05).

As follows from table 1, the main differences in the
parameters of the structure of emotional intelligence were
found between the groups with medium and low EQ. In
particular, the ability for emotional evaluation of persons in the
group with medium EQ was 10.5% higher than in the low EQ
group (p<0.05). The ability to understand the transitions of
emotions, mechanisms of their variability and the flow of
emotions in time in the group with average EQ was 8.9%
higher than in the low EQ group (p<0.05). Emotional
assessment of the images in the group with medium EQ was
13.6% higher than in the low EQ group (p<0.05). The ability of
a person to describe his or her emotional state in the group with
medium EQ was 75.9% higher than in the low EQ group
(p<0.05). The overall level of emotional intelligence in the
average EQ group was 23.7% higher than in the group with
low EQ and in high EQ group it was 12.8% higher than in the
average EQ group (p<0.05).

Next, we estimated the bioelectrical brain activity in the
selected groups of emotional intelligence (table 2).

TABLE II. PARAMETERS OF EEG ACTIVITY IN GROUPS WITH
DIFFERENT EMOTIONAL INTELLIGENCE (U—MANN—WHITNEY TEST)
EQ groups
EEG parameters Low EQ MAIZE EQ High EQ
— -m —
M=+m (n=5) (n=24) M=+m (n=2)
geq“e“cy’ 9.9+0.25 9.9+0.12 9.9+0.50
zZ

Alpha- | amplitude, | | 3.0 100 | 224018 | 224035
rhythm uv

index, % 11.4+1.66° | 2034223 | 10.6+2.85
Beta- frequency, | 1441085 | 15.0£021 18.6+2.35
rhythm | Hz
(LF) a’{‘]p“t”de’ 0.6:0.11° | 0.9+0.08 | 0.8£030

0
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EQ groups
EEG parameters Low EQ M AZE EQ High EQ
Mzm (n=5) i 2’; ) Mtm (n=2)

index, % 2.7+0.80 3.340.26 5.0+1.45
gequenc% 2204177 | 214043 | 19.4+4.70

Beta- z 0

thythm | amplitude, | 6 4.0 o7 0.49+0.03 | 1.1+0.20

HF) RV
index, % 3.340.77 3.6+0.41 7.943.40
geq“e“cy’ 524022 | 5.5+0.08 5.1£0.20

zZ

Theta- amplitude,

thythm |y 1.70.10 2.6+0.33 3,5+0.85
index, % 1034229 | 12.940.93 | 14.2+1.30
geq“e“cy’ 115012 | 134005 | 1.6:025

zZ

Delta- amplitude,

thythm | pv 5.340.80 6.0+0.64 9.123.00
index, % 59.442.50° | 48.6+1.92° | 53.6+6.60

a.

A significant difference with the average EQ group (p<0.05).

A significant difference with the high EQ group (p<0.05).

As follows from table 2, the main differences in the
parameters of brain bioelectrical activity was discovered
between the groups with average and low emotional
intelligence. In particular, the severity of the alpha rhythm in
the group with medium EQ was 69% higher in amplitude and
78% higher in the index (p<0.05) than in the group with low

EQ.

The severity of low-frequency beta-rhythm in the group
with medium EQ was 50% higher in amplitude (p<0.05) than
in the group with low EQ.

The severity of the theta rhythm in the group with medium
EQ was 5.8% higher in frequency (p<0.05) than in the group
with low EQ.

The severity of the Delta rhythm index in the average EQ
group was 22% lower than in the group with low EQ and 10.3
% lower than in the group with high EQ (p<0.05).

Next, we have evaluated the effectiveness of the simulated
operator activity in selected groups of emotional intelligence
(table 3).

TABLE III. THE PARAMETERS OF THE SIMULATED OPERATOR
ACTIVITY IN GROUPS WITH DIFFERENT EMOTIONAL INTELLIGENCE
(U-MANN-WHITNEY TEST)

Operators work EQ groups :

parameters Low EQ Mid EQ High EQ
Mzm (n=5) | M+m (n=24) | M=m (n=2)

ls.t trgckmg pe.rlod, 0.6£0.12° 0.440.12 .

misalignment in mm

2nd tracking period, | 5. o 2.4+0.99 2.4+1.07

misalignment in mm

3rdtracking period, | 59,038 | 550024 | 7.6+1.13

misalignment in mm

Average result of

three periods, 3.8+0.21 3.7+0.21 4.7+0.96

misalignment in mm

a.

A significant difference with the average EQ group (p<0.05).

As follows from table 3, the main differences in the
parameters of the simulated operator activity were detected
between the groups with average and low emotional
intelligence. In particular, the efficiency of the operator's
activities in models of senso-motor tracking was 33% higher in
medium EQ group compared to the low EQ group while
performing initial difficulty tasks (p<0.05). Differences
between groups were unreliable in the tasks of medium and
high complexity.

V. CONCLUSIONS

1. In individuals with average emotional intelligence the
effectiveness of simulated operator activity was significantly
higher than in those with low emotional intelligence. It is
achieved by 69% greater severity of the alpha rhythm in
amplitude at rest and 78% in the index, by 50 % greater low-
frequency beta-rhythm amplitude, by 22 % lower expression of
Delta-rhythm in the index.

2. The structure of emotional intelligence in the group with
medium EQ compared to the low EQ group is characterized by
10.5% higher ability for emotional assessment of individuals,
by 8.9% more developed ability to understand the transitions of
emotions, 13.6% better ability for emotional assessment of the
images, and 75.9% higher ability to describe their emotional
state.

3. Identified typological differences of physiological and
psychophysiological components of effective operators allow
us to assert that emotional intelligence, as a dynamic yet
relatively stable structure in the system of human abilities, has
a decisive influence on the level of success of a human
operator's work.
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