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environment. The LF/HF index and galvanic skin response were recorded before and during
exposure to the noise. The level of noise annoyance was determined at the end of each test
session using the noise annoyance questionnaire according to ISO 15666.

Results: Repeated measures analysis of variance (RMANOVA) indicated that the difference
between the values of neurophysiological indices and noise annoyance in different noise
exposure scenarios was significant (P<0.05). The effect of different tonal sound levels on
galvanic skin response and noise annoyance was significant (P<0.05). In addition, the effect
of 65 dB tonal sound level and 55 dB speech sound level on the LF/HF index was reported to
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Extended Abstract

Background and Objective

Chronic exposure to low-level sound pressure levels in
indoor environments increases the risk of cardiovascular
diseases. Background noise from equipment, such as air
conditioning systems, and noise from conversations
disrupt individuals' neurophysiological parameters.
Building technical equipment, such as air conditioning
systems, can emit low-frequency tonal noise that causes
acoustic annoyance to individuals, especially those
sensitive to sound. Some individual differences and
personality traits when exposed to sound are also
effective factors in the degree to which individuals are
affected by sound. So far, no comparative study has been
conducted to simultaneously examine the effects of
tonal noise and speech on  individuals'
neurophysiological parameters, considering their
personality traits. Therefore, the present study aims to
investigate the effects of tonal background noise and
speech on individuals' neurophysiological parameters,
considering their personality types.

Materials and Methods

The present study was experimental, and 25 male
students of Hamadan University of Medical Sciences
(Iran), aged 20 to 30, were selected. The research
location was the Work Physiology Laboratory, Faculty
of Health, Hamadan University of Medical Sciences,
Iran. The inclusion criteria for participants in the
experiment were physical and mental health, no use of
specific medications, and adequate hearing status, which
were determined using the General Health
Questionnaire (GHQ) and a self-report form designed by
the researcher. In the present study, four sound exposure
scenarios were designed, including exposure to
broadband sound with a pressure level of 55 dB as the
reference scenario, tonal sound at two pressure levels of
55 and 65 dB, and intelligible speech sound unrelated to
the pressure level of 55 dB. Before entering the
experimental sessions, participants were asked to fill out
the Weinstein Sound Sensitivity Questionnaire
(WNSS), the GHQ questionnaire, and the 10-item NEO
personality type questionnaire. Moreover, before the
start of each session, the participants were asked to settle
in the experimental environment for 10 min to adapt to
the environmental conditions. After a 10-minute rest, the
subjects' neurophysiological parameters, including
electrical skin response signals and LF/HF index, were
recorded and stored by the Nexus-4 device on a laptop
connected to the device. This process continued for 1
min in silence. After recording the desired signals, the
subjects were exposed to tonal sounds and speech
broadcast from a spherical loudspeaker at 1 m from them
for 10 min. After about 10 min, while the sound was still
being played, the electrical skin response and LF/HF
index were measured again by the Nexus device and the
relevant signals were stored. At the end of each session,
the subjects' level of noise annoyance was determined
by the Noise Annoyance Questionnaire. The values of
the neurophysiological indices before and during noise

exposure were compared with each other, and their
differences were reported in the findings section.
Finally, data analysis was performed using the SPSS
(version 24) software.

Results

The results indicated that the average difference of the
LF/HF index increased only when exposed to a sound
level of 65 dB tonal compared to the reference
conditions. Moreover, the effect size for the LF/HF
index was the highest when exposed to a sound level of
65 dB tonal. The electrical skin response rate increased
significantly when exposed to tonal sounds at different
levels and unrelated intelligible speech compared to the
reference conditions. Additionally, the effect size of
0.717 was the highest when exposed to a sound level of
65 dB tonal compared to other sounds for the electrical
skin response variable. The highest level of perceived
sound annoyance by individuals was observed when
exposed to tonal sound with a sound pressure level of 65
dB. It was also indicated that with an increase in the
neuroticism score of individuals, the level of sound
annoyance of individuals increased when exposed to 55
dB broadband and tonal sound levels. Moreover, as
individuals' extraversion scores increased, their average
noise annoyance decreased when exposed to sound
levels of 65 dB tonal and 55 dB speech.

Discussion

An increase in the tonal sound pressure level leads to an
increase in the amount of noise perceived by individuals.
In fact, there is a significant correlation between the
amount of perceived noise and the tonal sound's
loudness. Various studies have also demonstrated that
irrelevant speech sounds cause more noise annoyance to
individuals than sounds, such as the sound of the
ventilation system, telephone rings, or traffic noise
outside the bank, which is contrary to the results of the
present study. This finding shows that irrelevant speech
can increase noise annoyance to individuals depending
on the type of office environment (open-plan offices and
shared offices) and the loudness of the sound. In
addition, with increasing the tonal sound pressure level,
the changes in the LF/HF index and the difference in the
galvanic skin response (GSR) have significantly
increased. However, when exposed to speech sounds
compared to the baseline (exposure to 55 dB broadband
sound), the LF/HF index changes have experienced a
significant decrease, while the difference in the GSR
index has significantly increased compared to the
baseline. This finding could indicate the effect of
psychoacoustic  parameters, such as loudness,
roughness, and tonality at certain frequencies with
specific resolutions.

Conclusion

Exposure to different levels of tonal and speech sounds
leads to disruption of individuals' neurophysiological
parameters and can cause noise annoyance in
individuals, taking into account some of their
characteristics and personality traits.
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