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Abstract

Keywords

Background and aims: In the open office environment, various sources of low-
frequency sound, such as the sound caused by the activities and conversations Cognitive Performane
of individuals, create noise pollution. This could affect the mental and neuro-
psychological health, physical efficiency, and effectiveness of employees. The
present research was conducted with the aim of investigating the effect of Low Frequency Sound
exposure to low-frequency sound on the cognitive performance of employees TerEaan

and the role of personality types on the level of sound sensitivity.

Open Office Environment

Extroversion
Methods: In this study, the personality type (extrovert & introvert) of individuals

was determined by using the Eysenck questionnaire. The participants in this
project performed the complex Stroop test at their workplace and in an isolated
room. In the end, by comparing the results of the tests, the hypotheses of the
study were examined.

Results: The results showed that the cognitive performance of extroverts and
introverts was different and improved before and during exposure to noise,
which indicates the Yerkes-Dodson law in the workplace. The results indicate
that the concentration and selective attention of extroverts in the workplace are
better and higher than introverts. Received: 2023/09/25

Conclusion: The sound in the office environment has an effect on people’s Accepted : 2023/11/26
cognitive performance and the personality type of individuals as a moderator is

effective on the amount of this effect. It is explained that extroverts will perform

better than introverts in the workplace.
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EXTENDED ABSTRACT

INTRODUCTION

Exposure to environmental sounds (noise
pollution) is a key global public health concern that has
implications for health and well-being. According to
the report of the World Health Organization (WHO),
noise pollution has direct and indirect effects on the
psychological and physiological health of individuals.
As mechanical, irregular, unpleasant, unwanted, and
unavoidable waves, sound is an important source of
physical and mental stress that is known as the most
important physical harmful factor in developed and
developing countries and it causes disorders in the
hearing system. The significant impact of sound
on human health is a well-known fact. The adverse
effects of sound on human health are related to
various parameters such as sound type, frequency,
intensity, pressure, duration of exposure, and personal
sensitivity to sound. In most research, the effect of
sound level is raised and related to sound frequency
or low-frequency sound (LFN) little research has
been done. Low-frequency sound has a frequency
range of 20 to 200 or 10 to 250 Hz, and the equivalent
level of their sound exposure varies between 51 and
65 decibels, which is caused by the conversation of
employees, the sound of the ventilation system, the
sound of the telephone, and the sound of equipment
such as printers. Previous studies showed that in
open office offices, LEN mainly affects the cognitive
performance and mental workload of employees.
There are several studies that have investigated the
effect of internal factors of office environments such
as temperature, indoor air quality, light, and sound on
people’s performance and have come to the conclusion
that people’s cognitive performance is also affected
by the factors of the work environment. According
to Carroll (1993), cognitive performance refers to
abilities related to cognitive tasks such as learning,
memory, language, problem-solving, and reasoning.
Although sound characteristics such as sound
intensity and frequency are the main cause of harmful
effects of sound, it is of particular importance to pay
attention to the characteristics and personality traits
of individuals as hosts of effects. Studies on the effects
of noise on performance indicate that noise may
cause some job problems and the number of errors
increase work, but these effects depend on the type of
sound and the type of work being performed and the
personality type of individuals.

Considering the mentioned materials and the
existing contradictions regarding the effect of sound
on the cognitive performance of individuals, as well as
the effect of personality type on the level of said effect,
the upcoming research aims to investigate the effects
of exposure to low-frequency sound on the cognitive
performance of employees of health, paramedical and
Nursing of Kashan University of Medical Sciences and
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the role of personality types on the amount of effects
and accepting or rejecting the existence of a logical
and direct relationship in this regard. Considering
that previous studies on the effect of sound with
different frequencies on people’s cognitive functions
(especially selective attention and interference time)
were conducted under controlled conditions and
students were used to perform the test, in this study
the effect of sound in the workplace is investigated
on the cognitive performance of employees in real
working environments.

METHODOLOGY

This study was conducted among faculty members
and staff of health, paramedical, and nursing faculties
of Kashan University of Medical Sciences. Initially,
a letter was sent to the staff and faculty members
of paramedical, health, and nursing faculties of
Kashan University of Medical Sciences through the
administrative automation system, and the staff of
these three faculties were invited to participate in
the study. Simultaneously, and in order to familiarize
all personnel with the research plan, the pamphlet
introducing the research plan was also distributed
among them. After reading the pamphlet and getting
familiar with the objectives of the research project, 66
individuals volunteered to participate in the study by
completing the informed consent form. In order to
ensure the health of the auditory and visual systems
(full color vision) of the volunteers, audiometry (5) and
Ishihara (5,8) tests were performed and 5 volunteers
were excluded from the study due to hearing loss. In
order to determine the personality type of individuals
(extrovert/introvert), the volunteers were asked to
complete the Eysenck personality questionnaire (5).
After completing the Eysenck questionnaire by the
participants, at first, the answers were checked from
the perspective of factor L (reality of the answers),
and 18 candidates were excluded from the study due
to giving false answers. Then the personality type
of the individuals participating in the project was
determined. In order to perform the complex Stroop
test in an isolated environment, after 1:30 minutes
from the start of work, the volunteers were asked to
go to the designated room for the test (isolated room)
and perform the Stroop test in that environment.
In this stage and the following stages, in order to
eliminate interfering factors, the participants were
asked to have a full 8-hour sleep the night before the
test and to refrain from drinking coftee, chocolate, and
caffeinated drinks in the hours before the test. Then, in
order to determine the effect of the noise of the open-
plan office environment on the employees’ cognitive
performance, on a specific day after 1:30 minutes from
the start of work, the employees were asked to perform
the Stroop test at their workplace. At this stage, 3
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Fig. 1. Study Method

Table 1. Comparison of average Interference time 1 and 2 / sum of errors 1 and 2 / Interference number of answer 1 and 2 in the population
of introverts.

Confidence %95

(2- Sig correlation Sig t Interval of the Standard Standard
tailed) . . average
Difference error average deviation
upper lower
Interference time
0.1 0.66 0.001 1.68 17.38 -1.88 4.6 20.57 7.75 Interference — 1
2 time
0.1 0.67 0.001 1.72 10.83 -1.03 2.83 12.68 4.9 error2 — 1 error
Interference
— 1 number
0.25 0.51 0.021 2.43 7.16 0.54 1.58 7.07 3.85
Interference
2 number

candidates failed to complete the Stroop test and were
excluded from the study. Finally, the total number of
participants in the research project was 40 individuals,
who were divided into two equal groups of introverts
and extroverts according to their personality type.
After conducting the Stroop test at the workplace by
the employees, by comparing the results obtained
from the Stroop test in an isolated environment and
the Stroop test at the workplace, the hypotheses of the
study were examined. Figure 1 shows the method of
conducting this research.

y

RESULTS

According to the frequency composition of the sample
population, it is clear that based on observations, 35% of
the respondents are men and 65% are women. Among
the introverts, 12 individuals (60%) were women and 8
individuals (40%) were men, and among the extroverts,
14 individuals (70%) were women and 6 individuals
(30%) were men. The average age of introverts was 40.75
and the average age of extroverts was 42.4. The average
score of personality type in extroverts was 76.45 and in
introverts was 23.95. Table 1 shows the comparison of
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Table 2. Comparison of the average Interference number of answer 1 and 2 / Interference time 1 and 2 / total error 1 and 2 in the extrovert
population

Confidence %95

(2- Sig

Standard

. correlation sig t Interval of the Standard
tailed) Difference error deviation average
average
upper lower
— 1 Interference time
0.73 -0.12 0.6 -0.34 20.99 -29.19 11.99 53.62 -4.1 . !
2 Interference time

0.26 0.64 0.002 1.15 34.49 -9.99 10.62 47.52 12.25 error2 — 1 error

— 1 Interf b
025 0.26 0.26 116 35.14 -10.04 10.79 4827 1255 nterference number

2 Interference number
50 4635

e |ntroverts

e Extroverts

Chart 1. results of the test in the isolation room (1) and the workplace (2) among the introverts and extroverts

average Interference time 1 and 2 / sum of errors 1 and
2 / Interference number 1 and 2 in the population of
introverts. As can be seen, the highest average value is
related to Interference time 1 — Interference time 2 with
a standard deviation of 20.57. The results of the statistical
test showed that there is a significant relationship between
the Interference number of answer 1 and the Interference
number of answer 2. Table 2 shows the comparison of
average Interference time 1 and 2 / sum of errors 1 and 2
/ Interference number of answer 1 and 2 in the extrovert
population. As it can be seen, the highest average value
is related to the Interference number of answer 1 —
the Interference number of answer 2 with a standard
deviation of 48.27. Chart 1 shows well the results of the
test in the isolation room and the workplace among the
introverts and extroverts population. According to the
graph, the test results of the two groups of individuals at
the workplace are close to each other. In fact, it can be
said that the performance of extroverts in the workplace
is better than the performance of introverts.
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DISCUSSION

According to Diagram 1, the interference time of
introverts is longer than extroverts during the test
in the isolation room (introverts have responded to
the stimulus later and more accurately), and this has
caused the number of errors of introverts to be less
than extroverts; Extroverted individuals have a faster
response to the stimulus, and as a result, the number
of their errors has also increased, which is in line
with EysencK’s theory, according to which extroverts
act faster than introverts in performing intelligence
tests, but their accuracy is less. It is noteworthy that
according to the results of the complex Stroop test at
the workplace, the duration of interference of introverts
is less than that of extroverts (they responded to the
stimulus faster than the time in the isolated room)
and the extroverts compared to the time of the test
in the room. In isolation, they responded slower to
the stimulus, but the number of errors of extroverts
was still higher than introverts, which can be a strong
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reason for the low accuracy of extroverts compared to
introverts.

According to the results of the present study,
the interference time and the number of errors
of introverts in the workplace are less than those
isolated from extroverts, which are in line with the
findings of Jalil Derakhshan et al. in the research of
Jalil Derakhshan et al. Introverts performed better
after exposure to noise than before exposure to noise,
while it was expected that introverts would perform
lower than extroverts according to related research.
These findings can be explained based on the theory of
adaptation; adaptation refers to the gradual adaptation
of an individual to environmental conditions. From
the point of view of the interference score factor (the
difference between the number of correct responses
to the congruent stimulus and the number of correct
responses to the incongruent stimulus), which
expresses the individual’s focus and selective attention,
as clearly shown in Figure 1, the performance of
extroverts is better than introverts. It is indicative of
the higher concentration of extroverts than introverts
in the workplace that the results of this study are in
line with the results of similar studies. The sound
components of attention, tolerance, and concentration
are reduced. The similar results in this field can be
mentioned in Babamiri’s research that in introverted
individuals, the problem related to concentration

The Investigation of Open-Plan Office Sound...

and fatigue in the condition of playing sound is clear
compared to the condition without sound.

CONCLUSION

The results obtained from this research show that
the sound of the open-plan office (low-frequency
sound) has an effect on cognitive performance and
the individual differences of individuals (in the
present study, personality type) are effective on the
amount of this effect in such a way that extroverts
at the workplace have a higher concentration and
selective attention compared to introverts. On the
other hand, according to the findings of the current
research and the Yerkes & Dodson law, the stimuli
of the work environment (presence at an optimal
level) can motivate individuals and increase their
performance. During exposure to sound, extroverts
have higher cognitive performance components than
introverts compared to the time before exposure to
sound. The better performance of introverts during
the test in the isolation room is an indication of
their avoidance of stimulation and their tendency to
silence is a natural and genetic issue.
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