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ABSTRACT

Introduction: The noise could affect some aspects of human health, including the cognitive performance.
In addition to sound pressure level and exposure time, the psychoacoustic features of noise may cause
destructive effects on humans. A few recent studies have been conducted on effect of sound quality
on cognitive performance. This study aims to find the noise loudness and sharpness levels as the most
destructive effects on human cognitive performance.

Material and Methods: This was a cross-sectional study on 10 male students of Tehran University of
Medical Sciences. The Noises were generated in two channels that the left channel produced the pink
noise as a background noise. The pink noise loudness and sharpness were 19.7 sone and 2.49 acum,
respectively. The right channel generated noises with different loudness and sharpness levels the noise
loudness ranged from 8.87 to 67.9 sone and the noise sharpness ranged from 1.07 to 6.4 acum. Finally, ten
noises with different loudness and sharpness were applied. The students were exposed to ten different
types of noise and a silent condition. The Mathematical Problem Solving Task (MPST) test was performed
to assess cognitive performance. The reaction time and the accuracy rate were measured after 5 minutes
of noise exposure. Data were analyzed by SPSS (ver. 22). P< 0.05 was considered as significant level.

Results: The mean reaction time and the mean accuracy rate increased with the sharpness level.
However, alteration in the loudness and sharpness levels had no significant effect on the speed and
accuracy of students. Performance speed increased in noise 3 with the highest loudness (L=67.9, SH=1.07)
in comparison with the silent condition (p-value=0.05). The mean accuracy rate in exposure to the noise
9 reduced in comparison with silence (p-value=0.04)

Conclusion: Different levels of psychoacoustic features had no significant effect on the cognitive
performance parameters. Although, the accuracy rate and the reaction time decreased in noises 9, the
sharpest noise, and 3, the loudest noise, in comparison to the silence, respectively.
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1. INTRODUCTION

The definition of noise is any unpleasant sound.
The noise pollution, like any other kind of pollution,
negatively impacts on human health, which are
often not considered. The exposure to it, however,
can be accurately calculated by average energy over
time. The consistent chronic exposure to the noise

* Corresponding Author Email: mehrabi.azar@gmail.com

Copyright © 2022 The Authors.
Published by Tehran University of Medical Sciences

levels higher than 75-85 dBA or acute exposure
to impulse can lead to hearing loss caused by the
noise. The psychoacoustic can be defined as the
scientific study of sound conception and audiology.
The psychoacoustic examines the sound in terms
of physical, human being and/or psychological
aspects. Asa perceptional phenomenon, the hearing
is affected by sound loudness and sharpness,
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which are the psychoacoustic parameters to
measure the sound quality. The role played by the
psychoacoustic parameters is to link the physical
parameters of an acoustic irritant to the hearing
sensations induced in human listeners. Several
elements such as the task type, the noise, intensity,
duration, and intermittency can balance the noise
effect on cognitive performance. Any alteration in
cognitive performance may lead to human errors
which in turn increase the risk of accident.

Few studies have been conducted for
investigating the relationship between the quality
of sound and the cognitive performance. Since, the
cognitive performance is important in our routine
life, this study aimed at assessing the effects of noise
loudness and sharpness on cognitive performance
of young students.

2. MATERIAL AND METHODS

This study was entirely conducted in an
acoustic room located at Tehran University of
Medical Sciences. Totally, ten male students at a
mean tstandard deviation age of (26 +1.68) years
for males were included.

The test tone generator software from Esser
audio was applied for generating the noises, which
were produced in two (right and left) channels.
The background noise was generated by the left
channel and the noises in various frequencies and
amplitude based on Hz and dBFS were produced
by the right channel. Then, all noises were recorded
by the measurement system Bruel & Kjaer PULSE

type 3560 ¢ with input/output controlled by a
laptop equipped with two software Sound Quality
Program 7698 version 12.1 and Time & Data
Recorder 7708 version 12.0 indicating the loudness
and sharpness levels for the noise. The resulted
noises including nine different noises in terms
of loudness and sharpness levels were classified
according from low to medium, and high levels,
which are presented in Table 1.

The Mathematical Problem Solving Task
(MPST) was employed in the experiment in
order to investigate the participants’ cognitive
performances in terms of two factors: the reaction
time and the accuracy rate.

The collected data were analyzed with SPSS 22.

3. RESULTS AND DISCUSSION

The mean reaction time (ms) in the three levels
of loudness and sharpness are shown in Figure 1.
The fastest reaction time was indicated for the high
loudness (>25) and low sharpness (2.5> acum).
The mean reaction time in the three loudness and
sharpness levels, however, was not significant. The
mean accuracy rate in the three levels of loudness
and sharpness for males are presented in Figure
2. As the loudness and sharpness level increased,
the mean accuracy rate decreased. There was
no significant relationship between the mean
accuracy rate and the three loudness and sharpness
levels (p-value > 0.05). The results indicated that
compared to the silent condition (p-value=0.04),
the mean accuracy rate in the noise 9) L= 41/6,

Table 1. Levels of Loudness and Sharpness for Nine Stimulus Noises Applied in Experiment

Loudness (Sone)

Low (17>) = Medium (17-25) = High (25<)
Low (2.5>) Noisel Noise2 Noise3
sharpness : ; ; :
(A ) Medium (2.51-5) Noise4 Noise5 Noise6
cum
High (5<) Noise7 Noise8 Noise9
e P Ny 2100 2096.64
e 2104.93 =male
2100 2096.77
2090
_E 2080 E 2079.45
= s 2080
= =
.; 2060 -é
2 o 2068.58
3 2040 2037.24 2 2070
2020 il
2000 2050
low medium high low medium high
Loudness Sharpness

Fig.1. The mean reaction time according to

: (a) loudness and (b) sharpness levels
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Fig.2. The mean accuracy rate according to: (a) loudness and (b) sharpness levels

SH= 6/4( reduced. There is a statistically significant
difference between the mean reaction time in
the noise 3 and the silent condition, whereas the
differences in the mean reaction time in the other
nine noises were not significant when compared to
the silent condition.

4. DISCUSSION

Asthelevel ofloudness and sharpness increased,
the mean reaction time relatively increased,
however, there was no significant relationship
between the reaction time and the three levels of
loudness and sharpness.

Asthelevel ofloudness and sharpness increased,
the mean accuracy rate relatively decreased,
however, there was no significant relationship
between the mean accuracy rate and three levels of
loudness and sharpness in both groups.

Alimohammadi et al. found that LFN and HFN
had no negative effect on the performance and the
performance speed was improved by these two
kinds of noise.

Alimohammadi et al. also found that the
performance speed increased under LEN and HFN
in comparison with the silent condition, and the
accuracy rate of responding also improved. The
arousal theory could be applied to explain how
performance speed and accuracy rate are enhanced
by the noises.

As Zeydabadi et al. found that the mean of the
cognitive performance variables was significantly
higher in noise group after a work shift.
Furthermore, the selective reaction time (p=0.001)
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and divided reaction time (p=0.047) were the only
cognitive aspects with significantly correlation with
noise intensity.

Shan Shu and Hui Ma indicated that the reaction
time has been more improved in exposure to music,
birdsong, fountain sound, and stream sound than
that in the other sounds. More interestingly, the
results showed that after exposure to fountain sound
and stream sound, followed by music and birdsong,
the performance of short-term memory could be
improved. As the results illustrated, there was also the
restorative effect of perceived restorative soundscapes
on cognitive performance in the children.

Jahounpoor et al. found that cognitive
performance could not be impacted by the noise
conditions and noises could have no effect on
the reaction time and the accuracy rate, which
are inconsistent with the results obtained for the
present study.

4. CONCLUSIONS

No significant relationship was found
between the psychoacustic features and cognitive
performance. To put it in another terms, the results
of this study indicates that the more different and
expanded range of noise loudness and sharperness,
the more significant relationship between the
cognitive performance parameters and different
loudness and sharpness levels. The different results
obtained for the studies conducted on cognitive
performance may be related the to application
of different methods for assessing the cognitive
performance.
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