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Abstract
Medium noise levels are very common in work environments, and few studies have addressed their effects. This study aims to
investigate the effects of real noise levels from four types of workplaces on psychophysiological responses. Thirty-one normal
hearing male subjects were recruited. They were asked to judge the noise annoyance (NA) and noise-induced subjective load
(NISL) of four occupational environments involved cognitive functions; closed office rooms (CO:57.8–65.2 dB(A), open-plan
offices (OPO:65–71.8 dB(A), control rooms (CR:68.7–75 dB(A), and industrial noise (IN:75.5–81 dB(A). Meanwhile, the
electrodermal activity (EDA), heart rate (HR), and respiration rate (RR) were monitored throughout the experiments. The
saliva cortisol of subjects was also analyzed before and after each trial. The results were evaluated in the view of impact of
noise and moderating factors using linear and mixed models, and a dose–response relationship was found for each response.
The results showed that the NA were rated 26.5%, 39.5%, 53%, and 72.2%, in the CO, OPO, CR, and IN, respectively,
and NISL increase in levels≥65 dB(A)(OPO). In addition to subjective effects, the medium levels of occupational noise
can significantly affect the physiological responses in view of the moderating factors. In total, the EDA and RR responses
increased, whereas HR initially increased and then decreased. According to the regressionmodels, it seems that medium levels
of occupational noise have significant and linear effects on EDA, RR, andHR in levels≥60 (CO),≥65 (OPO), and≥69 dB(A)
(CR), respectively. Moreover, the levels range of 60–70 dB(A) (CO and OPO) can increase mean of cortisol level more than
the levels range of 70–80 dB(A) (CR and IN).
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1 Introduction

Medium noise levels are very common inwork environments
and effects of themare unspecified.Occupational noise expo-
sure is associated with several psychophysiological adverse
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effects, and these effects have been addressed somewhat in
laboratory and empirical studies [1]. The sound pressure
level has been identified as a crucial factor affecting these
effects [2]. In addition, type of noise, duration of exposure,
and individual susceptibility to noise determine the harmful
effects of noise [3]. Most studies have addressed the effects
due to noise in levels that can cause adverse effects such as
hearing loss [3]. So that, most studies have concluded that
chronic exposure to continuous noise at levels≥85 dB(A)
lead to hearing impairment, sleep disturbance, cardiovascular
effects, higher blood pressure, and other psychophysiolog-
ical responses than individuals not exposed to noise [4],
whereas few studies have attempted to address these and
other responses to the medium levels of occupational noise
[5]. Epidemiological evidence clearly was not also estab-
lished to confirm any relationship between noise of medium
levels and health effects [6]. Hence, there is a relatively large
body of literature concerning regarding non-auditory effects
of the occupational noise medium levels [3].
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The medium levels of occupational noise are A-weighted
equivalent levels (LAeq) below 80 dB(A) [7]. In other words,
the medium levels are levels below those recognized as caus-
ing hearing impairment. However, the medium levels may
cause serious disturbances, including annoyance responses
and ageneral decrease inwell-being, impairment inworkper-
formance, tiredness, lack of concentration, and contributes
to mental workload. Several studies have tried to investi-
gate the physiological changes and other effects due to noise
for short time periods [8, 9]. However, these effects are still
questionable for realistic situations with longer durations of
noise exposure. Despite a number of studies that reported the
noise effects on people’s health, none have deal with effects
of occupational noise with medium levels [10]. There are
occupational environments that are exposed tomedium noise
levels. For example, office rooms (closed- and open-plan
offices), control rooms (operator rooms and quality control
rooms), and some of the industrial process or production
workplaces (such as assembly and rubber factory) have a
noise level of less than 80 dB(A) [1, 11].

However, most studies have reported that the contribu-
tion (effect size) of noise on many non-auditory effects is
uncertain and it is partly attributable to many other stres-
sors that exist in workplaces [12]. Therefore, assessment of
the responses of the body and their trends in the exposure
to noise in indoor occupational environments with medium
noise levels can be very valuable to estimate of the effect
size and mechanism of noise effects on the health and
cognitive performance of the employees and thereby noise
control [13]. Moreover, a dose–response relationship could
be derived by measuring various psychological and physi-
ological responses of body in exposure to sound levels in
different work places in laboratory scale [13–17]. Explore
a dose–response relationship between exposure to medium
levels and various responses in different workplaces could
be generalized beyond the type of workplace [1]. Thereby,
a global dose–response relationship for occupational noise
would contribute to the effort to reduce impairing sound lev-
els, and in the way, dose–response curves for community
noises have done [18]. Exact estimation of the effects of
exposure to occupational noise on health is difficult because,
in occupational environments, noise is often accompanied
by other hazards such as heat or exposure to chemicals.
However, developing dose–response relationships for occu-
pational exposure to noise in workplaces at the office and
industrial levels is a topic that has not been deeply studied.
Topics such as response trend of the body physiological and
psychological to noise, effect size or role of noise in non-
auditory effects, and determining “comfort,” “precaution”
and “hazardous” levels are the main study areas. Therefore,
studying dose–response can elucidate role of noise in non-
auditory effects. Hence, the objectives of this study were (i)
to examine the psychophysiological responses to medium

levels of occupational noise at four types of simulated work
places through laboratory experiments and (ii) to explore a
general dose–response relationship between noise equivalent
levels and perceived psychophysiological responses at work
places exposed to medium levels of noise.

2 Methods

2.1 Noise Levels Selection and Characterization

In order to investigate the effect of noise medium lev-
els from occupational environments on psychophysiologi-
cal responses, all workplaces to medium levels (range of
60–80dB(A))were selected and studied. Thefirst premise for
the occupational noise’ selection and inclusion in the study
was occupations with medium noise level (≤80 dB(A)),
and similar frequency characteristics with dominant sound
pressure levels at intermediate frequencies, especially at
500–1000 Hz. Other inclusion criteria were noise study in
occupations involved cognitive functions. Thus, the LAeq
during a normal workweek of 60 workplaces were character-
ized and recorded. In total, four categories of occupational
environments with a similar circumstance (correspond-
ing cognitive performance and metabolism) were studied;
closed-plan offices (CO) (n � 15), open-plan offices (OPO)
(n � 15), control rooms (CR) (n � 15), and industrial work-
places (IW) (n�15).Anaveraged1-hr equivalent continuous
A-weighted sound level (LAeq(1h)) for each workplace
were derived from measurements at different positions in
the places (range 60–80 LAeq(1h) dB). Therefore, LAeq of
the office rooms, control rooms, and some of the industrial
workplaces were adjusted to cover ranges between 60 and
80 dB(A) at 5–7 dB(A) intervals with spectral adjustments.
The range of noise at CO and OPO rooms were from 59 to
66.2 dB(A) and 65 to 71.2 dB(A), respectively, while the
noise of CR had a variation from 65.7 to 75.2 dB(A). The
noise level of IW with operator tasks varied from 75.5 to
81.0 dB(A).

2.2 Experimental Design

Thiswas a single-blind randomized cross-over trial study that
had a repeated-measures design on 31 subjects. The exper-
iments were designed in five sessions and each participant
was exposed to four noise conditions of the CO, OPO, CR,
and IN and one baseline condition (background noise (BN).
Noise levels tested were the same real noise levels from four
mentioned workplaces. Therefore, the LAeq(1h) of selected
occupational environments were recorded by Tascam DR-
05 recorder. Then, the LAeq(1h) (the same real noise levels)
were presented via a spherical loudspeaker (12matched loud-
speakers in a dodecahedral configuration) (OS003-BSWA
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Fig. 1 Comparison of the spectrograms of five noise conditions. a background noise (BN), b closed offices (CO), c open-plan offices (OPO),
d control rooms (CR), e industrial noise (IN), and f total

Technology Co) located in center of the room and behind
of the listener (at height of 1.1 and distance of 1 m from
the listener). The spectrograms of five noise conditions are
presented in Fig. 1. Table 1 also presents the outline of the
laboratory experiments and characterization of noise levels.
In all sessions, the experiment conditions were the same and
the psychophysiological responses were evaluated, except

that the noise level was different in each session. The ses-
sions were random in five consecutive days that each session
lasted for 1 h. All sessions were performed during the morn-
ing. To design realistic noise situations in laboratory (the
four sessions noisy) with real working conditions, the exper-
iments were carried out in an air-conditioned room with
dimensions: 3.4 m×5.6 m×3.05 m (Fig. 2). To simulate
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Table 1 Outline of the
laboratory experiment and
characterization of noise levels

Sessions 1 2 3 4 5
Noise
conditions

Quiet room Closed offices Open-plan
offices

Control rooms Industrial
noise

Noise type Baseline Real Real Real Real

Range of SPL
[dBA]

52.8–53.5 57.8–65.2 65–71.8 68.7–75 75.5–81

LASeq of the
session
[dBA]

53.3 64 68.9 73.8 80

Signal to noise
ratio

– 7.4 6.5 6.3 6

Noise sources C IS, OT, PR,
VS, AC, C

IS, OT, PR,
VS, C, CP

IS, PR, C, WP,
PBN

IS, PR, C, AC,
PN

Duration of
the session
[min]

60 60 60 60 60

Psychological
responses

NA, NISL NA, NISL NA, NISL NA, NISL NA, NISL

Physiological
responses

EDA, HR, RR,
and SC

EDA, HR, RR,
and SC

EDA, HR, RR,
and SC

EDA, HR, RR,
and SC

EDA, HR, RR,
and SC

OT outdoor traffic, IS irrelevant speech,PR phones ringing,VS ventilation systems,AC activity in the corridor,
CP customer paging, C computer, WP Wireless pager, PBN process background noise, PN process noise,
NA noise annoyance, NISL noise-induced subjective load, EDA electrodermal activity, HR heart rate, RR
respiration rate, and SC saliva cortisol

Fig. 2 Experimental setup in air-conditioned room

laboratory conditions with real working conditions, the light
intensity, relative humidity, and temperature at room were
set 400 Lux, 50%, and 22 °C, respectively, at all session. The
coefficient of absorption of the interior surfaces of the room
was correspondswith realwork environments conditions.All
the experimental sessions were conducted in research labo-
ratory of the Hamadan University of Medical Sciences.

2.3 Measurements of Psychophysiological
Responses

2.3.1 Psychological Responses

The psychological responses to occupational noise were
assessed in two terms of noise annoyance (NA) and noise-

inducedmental work load (NISL). At the end of each session,
the subjects were asked to rate their subjective judgment of
NA using a 100-score graphical rating scale (0 � “Not at
all” to 100 � “Extremely”) for each noise source [19]. Also,
the NISL was evaluated at the end of each session using the
National Aeronautics and Space Administration-Task Load
Index (NASA-TLX) software. It is for the subjective and ret-
rospective judgment of noise subjective load that comprises
six questions concerning mental, physical, and temporal
demand of the task, performance, effort and noise annoy-
ance [20].

2.3.2 Physiological Responses

Four simple physiological responsesweremeasured: (1) sali-
vary cortisol (SC) expressed in micrograms per deciliter
(µg/dl); (2) electrodermal activity (EDA) expressed inmicro-
Siemens (µS); (3) heart rate (HR), and (4) respiration rate
(RR) expressed in beats per minute (bpm). Before each trial,
a 3-ml saliva sample was taken to measure cortisol baseline.
Also, the EDA, HR, and RR were measured using NEXUS
4 device made by Mind Media BV Company [21]. These
data were recorded on a laptop via the Bluetooth. The EDA
was measured through the Nexus-4 skin conductance sen-
sor on the hand. The electrodes of this sensor were attached
to the subjects’ index finger and the middle finger of the
non-dominant hand. The HR was gathered from the raw data
of electrocardiographs (ECG), while the ECGwas measured
through electrodes attached to each subject’s chest (the nega-
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tive (black) electrode on the right chest and ground electrode
was placed on the left chest in below the collarbone and
the red positive electrode on the right of the sternum in the
fourth intercostal space). The RR was measured via a res-
piration transducer belt worn around the chest, which was
computed from the raw respiration data. This belt records
the RR by measuring the changes in thoracic circumference
when an individual breathes. The percentage change (%) of
responseswas calculated from the baseline to noise exposure.

2.4 Procedure

A small theory and practice training to become familiar with
experiments was conducted for participants. Theyweremen-
tioned to have enough sleep in the night before the experiment
and refrain from drinking caffeine or any other stimulus. In
each session, in order to stabilize the level of RR and HR of
individuals, the subjects were asked to sit facing the desktop
for around 15 min, before the experiment commenced. Then
all the electrodeswere attached to the subject’s body (two fin-
gers of the hand and chest). Before each trial, the SC, EDA,
RR, andHRwere recorded duration of 5min (baseline). Then
the LAeq(1h) were presented (with the exception of session
1 that was the background noise) and the subjects were asked
to do cognitive tests (the mean of MWL resulting from tests
� 46.4) during exposure to noise (1 h). A calibrated SV104
dosimeter was used to determine the LAeq (1 h) for each
subject in the octave band frequency analysis. Dosimeter was
attached to the subject’s shoulder, close to the ear. At times
5, 15, 25, 35, 45 and 60 min (after exposure), the RR, HR,
EDAwere recorded. After each trial, the subjects were asked
to rate the NA andMWL due to noise. The independent vari-
ables (dose) were LAeq (1 h), and the psychophysiological
responses were dependent variables. Figure 3 shows a simple
illustration of the implementation process of the experiments
from the before, during and after exposure to noise.

2.5 Subjects

Thirty-one males by mean±SD, 30.19±6.6, (range
25–43 years old) were volunteered to participate in the exper-
iment. The eligibility criteria for the inclusion of participants
were: good general health, normal hearing, non-smoking,
non-alcohol and non-drugs, low noise sensitivity, absence of
sleep disorders, and no previous exposure to noise. For this
objective, each participant completed the questionnaire of
noise sensitivity (NS) [22], Beck Anxiety Inventory (BAI)
[23], and general health questionnaire (GHQ) [24]. The par-
ticipants’ sleep quality was assessed using the Pittsburgh
sleep quality index (PSQI) [25]. Also, auditory health screen-
ing and training of computer-assisted performance tests were
conducted for each subject. The GHQ score levels of sub-
jects were on average 15.77±4.83, BMI, 24.14±3.50, BAI,

4.71±2.33, and NS, 57.16±11.08. They had a normal hear-
ing threshold (mean HL with at least 20 dB in the frequency
range of 125–8 kHz) and free from intrinsic sleep disorders
(mean PSQI≤5). All participants had slept at least 7h in the
night before each session. Also, they were free from smok-
ing, alcohol, and drugs. All subjects reported that they had
not experienced being exposed to noises from workplaces
or were not experiencing issues with noise in their current
dwelling. All participants signed a consent form. The study
was approved by the Medical Ethics Board at the Hamadan
University of Medical Science, Hamadan, Iran.

2.6 Statistical Analysis

Descriptive analysis was performed based on mean±SD for
quantitative variables and count (%) for qualitative variables.
In order to study the relationship between the NA, NISL, and
SC responses with LAeq (1 h) adjusting on age, GHQ, BAI,
NS, and MWL, the generalized estimating equation (GEE)
model with identity link function was used. This method fits
a population-specific model for correlated (and clustered)
data. EDA, HR, and RR were taken continuously during the
experiment. Thus, the percentage changes from the baseline
to noise exposure (during 5, 15, 25, 35, 45, 60 min) for each
subject were calculated. To investigate the effects of noise
level on the EDA, HR and RR, adjusted on age, GHQ, BAI,
NS, and MWL during the experiment, a three-level linear
mixed model (3-level LMM) was used. In this study, p val-
ues less than 0.05 were considered statistically significant.
Computations were performed using R version 3.4.1 [26],
and SPSS 24.

3 Results

3.1 Psychological Responses

Figure 4a displays the mean±SD of NA and NISL rating.
As shown in Fig. 4a, the mean NA and NISL ratings var-
ied entirely across the sessions. Mean NA and NISL were
6.81 and 46.48, respectively, under baseline conditions and
increased under noise conditions. The NA ratings increased
about 4, 5.8, 7.8, and 10.6 times relative to background
noise at the CO, OPO, CR, and IN, respectively. Irrelevant
speech and activity in the corridor were rated as annoying
sources in office workrooms. The wireless pager and back-
ground noise in the control rooms and also process noise and
activity in the corridorwere rated as annoyingnoises in indus-
trial workplaces. The results also showed that noise could
increase the MWL. NISL rating was about 1.1, 1.22, and 1.4
times of MWL due to tests in the OPO, CR, and IN, respec-
tively. Table 2 shows the relationship between psychological
responses (NA and NISL) as a function LAeq after control-
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Fig. 3 Assessment of psychophysiological responses for different durations of noise exposure in each session

Fig. 4 Mean±SD (a), and exposure–response relationships based on GEE model (b) for NA and NISL (BN: background noise, CO closed office,
OPO open-plan office, CR control room, IN industrial noise)

ling. The population-specific linear model was fitted using
the GEEmethod for each noise source showed that the preva-
lence of NA and NISL increased significantly, as the sound
pressure level increased. TheGHandNSwere nonsignificant
moderators stronger than other factors (Table 2). Figure 3b
also displays exposure–response relationships using GEE

model for NA and NISL ratings during 1 h exposure to LAeq
for five sessions based on three levels of noise sensitivity.
The regression lines of annoyance rating have a steep slope
at the level higher than 65 dB(A). The highest NA and NISL
rating was recorded in session 5 with the IN source. This
curve takes another slope at the level higher than 68 dB(A)
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Table 2 Correlation coefficients
between NA-, and
NISL-transformed responses*

and LAeq(1h) using the GEE
model

Psychological responses NA NISL

Predictor Estimate±SE P value Estimate±SE P value

Intercept − 2.87±0.70 <0.001 − 0.87±0.49 0.074

LAeq (1 h)

BN: 53.8 dB Ref – – –

CO: 64 dB 1.21±0.15 <0.001 0.22±0.05 <0.001

OPO: 68.9 dB 1.59±0.15 <0.001 0.50±0.07 <0.001

CR: 73.8 dB 1.97±0.14 <0.001 0.69±0.08 <0.001

IN: 80 dB 2.59±0.17 <0.001 0.91±0.08 <0.001

Age 0.02±0.02 0.256 − 0.01±0.00 0.280

GHQ − 0.03±0.02 0.107 0.009±0.01 0.535

BAI 0.05±0.03 0.115 − 0.003±0.02 0.899

NS 0.01±0.006 0.107 0.01±0.00 0.072

MWL 0.001±0.003 0.700 − 0.000±0.00 0.790

BN background noise, CO closed offices, OPO open-plan offices, CR control rooms, IN industrial noise, NA
noise annoyance, NISL noise-induced subjective load
*transformed NA to Z N A+0.1

100+0.2
where Zα is 100αth percentile of standard Normal distribution

The bold parameters are significant at the 0.05 level

(OPO). This implies that NA and NISL ratings were affected
by the source type as well as the noise exposure level.

3.2 Physiological Responses

The results cortisol changes are presented in Table 3 and
Fig. 5. As shown in Fig. 5, the mean changes of the SC
increased as the noise level increased for sessions 2 (CO:
46.3%), 3 (OPO: 54.02%) and 4 (CR: 38.2%).Mean changes
were 14.5% under baseline conditions (BN). Mean cortisol
changes for the noise of CO and OPO (60–70 dB(A)) were
higher than the noise of the CR and IN (70–80 dB(A)). How-
ever, the results demonstrated that the cortisol changes were
the lowest while noise levels were 75–80 dB(A) (IN: 5.85%).
The SC changes during 1 h of exposure to noise was also
investigated using the GEE method. The cortisol(Pre) and
BAI were significant, and other factors and the interaction
between cortisol(Pre)×age were nonsignificant moderators
(Table 3). Figure 5b also displays an exposure–response rela-
tionship using GEE model for cortisol.

Figure 6a also shows the mean changes of EDA, HR, and
RR, before exposure, during exposure (30th min), and after
exposure for CO, OPO, CR, and IN. The findings of the
correlation analysis of EDA, HR, and RR for four different
working environments using 3-level LMM are presented in
Table 4. As summarized in Table 4, EDA responses to noise
exposure were statistically significant. The three-level LMM
revealed that therewas a significant interaction betweennoise
and time with EDA (P <0.001). The time was also a signifi-
cant moderator for EDA.

HR changes were significant under noise conditions of
the CR, and IN, whereas RR changes were significant under

Table 3 Correlation coefficients between Saliva Cortisol and
LAeq (1 h), using the GEE model

Predictor Estimate±SE P value

Intercept − 1.29±0.62 0.039

LAeq (1 h)

BN: 53.8 dB Ref –

CO: 64 dB 0.27±0.06 <0.001

OPO: 68.9 dB 0.31±0.06 <0.001

CR: 73.8 dB 0.21±0.06 <0.001

IN: 80 dB 0.12±0.06 0.050

Cortisol(Pre) 0.93±0.39 0.017

Age 0.02±0.02 0.235

GHQ 0.01±0.01 0.244

BAI 0.04±0.02 0.020

NS 0.00±0.00 0.320

MWL 0.00±0.00 0.122

SC(Pre)×age − 0.02±0.01 0.153

The bold parameters are significant at the 0.05 level

noise conditions of the OPO, CR, and IN. The mean HR
and RR decreased linearly and significantly with time. How-
ever, the interaction between noise and time and also other
factors were insignificant moderators (Fig. 6 and Table 4).
Figure 6b displays a dose–response relationship using three-
level LMM for the changes percent of EDA, HR, and RR, as
a function of LAeq relative to baseline during 1 h (for 10 min
intervals) exposure to four types of occupational noise. The
mean EDA changes were %12.05, %34.5, %35.2, and%22.8
in CO, OPO, CR, and IN, respectively. The HR changes were
correlated with LAeq (1 h) in sessions 3 (OPO), 4 (CR), and
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Fig. 5 Mean±SD before and after exposure (a), and an exposure–response relationship based on GEE model (b) for cortisol (BN background
noise, CO closed office, OPO open-plan office, CR control room, IN industrial noise, B before exposure, A after exposure)

5 (IN), and the mean changes were about %0.9, %1.2, and
%2, respectively. The RR changes were also correlated with
LAeq (1 h), for the OPO, CR and IN and the mean changes
were about %0.2, %0.3, and %0.5, respectively. However,
the relationship between HR RR with LAeq (1 h) of CO was
insignificant.

4 Discussion

The current study intended to provide new data about uni-
versal relationship between noise level and prevalence of
psychophysiological responses for four types of work places,
despite occupational differences between them. The LAeq
was used as a base for the analyses of dose–response
relationships. The previous research has reported a strong
relationship between the psychophysiological responses and
occupational noises at the levels≥85 dBA [3]. The present
study expanded their findings to occupational noise in
medium levels that are pervasive, background, and continu-
ous inworkplaces. In this experimental studywith controlling
other real environmental stressors, participants were exposed
to real noise levels. The real sources of noise have different
level variations. Psychophysiological responses to the expo-
sure were measured, and individual factors moderating the
responses were identified.

The NA has been identified as the most important subjec-
tive effect caused by noise in the workplace [13]. Moreover,
there is a certain degree of MWL in each occupation and
noise can be a crucial factor affecting MWL in the work-
places [27]. Therefore, the NA and NISL are best explained
as mental effects indicators [16]. Psychological evaluations
of the medium levels of occupational noise in terms of the
NA andNISL indicated that ratings of theNA andNISLwere
highly correlatedwith noise level. This indicates thatmedium
levels of occupational noise may have a significant impact

on employees’ subjective judgments. Moreover, the findings
revealed that noise sensitivity contributes to explaining the
variance NA and NISL ratings despite type of workplace.
In this regard, Pedersen et al. developed a model predicting
for NA at office and control rooms (levels of 55–65 dBA)
[1]. Golmohammadi et al. reported that the main source of
subjective annoyance among bank employees is irrelevant
speech [28]. In study of Sayed Abas Ali, also percentage of
annoyance caused by noise levels (75–85 dBA) in various
industries, 47.1% has been reported [29]. These results are
consistent with the results of previous studies. However, the
findings of the present study showed that the rating of psycho-
logical responses to office rooms noise differed significantly
compared to industrial workrooms in terms of both NA and
NISL.

Cortisol and EDA responses to noise are best explained as
stress indicators [30], aswell as, theHR andRR reflects acute
changes in self-regulation and emotional states that are best
explained as defense reactions (physiological regulation) of
the body to noise [31]. Therefore, these four physiological
responses were measured in this study. A number of field and
laboratory studies have addressed the associations between
noise levels and physiological responses [13–16]. Several
field studies have also reported a positive correlation between
noise level andphysiological responses. This study found that
the SC levels during exposure to four types of occupational
noise had significant changes compared to background noise.
In this regard, Fouladi et al. reported that the industrial noise
levels>80 dB(A) have a significant effect on salivary cortisol
elevation [31]. In this study, there was a significant increase
in salivary cortisol at 60–70 dB(A) and a decrease in the lev-
els of 70–80 dB(A). The dose–response relationships for the
EDA, HR, and RR were moderated by age, NS, BAI, score
of general health, MWL, time, and interaction effect; time
and noise. The results of the assessment during five sessions
showed that noise level of four types of workplaces had key
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Fig. 6 Mean±SD (a), and exposure–response relationships based on 3-level LMM (b) for EDA, HR, and RR during 1 h exposure to noise. (BN
background noise, CO closed office, OPO open-plan office, CR control room, IN industrial noise, B before exposure, A after exposure)

effects on the mean changes of EDA, HR, and RR. In other
words, the EDA, HR, and RR were correlated with noise in
four type workplaces. However, the effect size of the rela-
tionships was not similar in four work environments. The
majority of previous studies have mainly reported a positive
correlation between noise levels and theEDA [32, 33]. This is
in linewith the findings of present study. This implies that not
only in industrial environments, but also in OPO, noisemight

influence health as well as EDA confirming the conclusion
of previous studies. Notbohm et al. also found accelerated
EDA in exposure to traffic noise in banks [16]. Based on
regression analysis, our laboratory experiment also revealed
thatHRhas significant changes during exposure to noise≥69
(CR). Park et al. reported an insignificant correlation between
floor impact noise (LAFmax� 63 dBA) andHR [33]. Abbasi
et al. reported the increases rate of HR relative to the baseline
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Table 4 Correlation coefficients
between EDA, HR and RR
responses and LAeq (1 h), using
the 3-level LMM

Physiological
responses

EDA HR RR

Predictor Estimate±SE P value Estimate±SE P value Estimate±SE P value

Intercept 31.96±69.50 0.650 5.43±9.74 0.582 4.49±8.96 0.621

LAeq (1 h)

BN: 53.8 dB Ref – – – – –

CO: 64 dB 23.42±10.36 0.025 − 0.38±1.36 0.782 2.00±1.44 0.160

OPO: 68.9 dB 44.50±10.36 <0.001 2.35±1.37 0.088 7.38±1.44 <0.001

CR: 73.8 dB 46.85±10.36 <0.001 3.82±1.36 0.006 9.47±1.44 <0.001

IN: 80 dB 45.02±10.36 <0.001 5.92±1.36 <0.001 10.47±1.44 <0.001

Age − 1.87±1.30 0.163 0.03±0.18 0.860 0.04±0.16 0.838

Time 0.08±2.05 0.967 − 1.16±0.54 0.032 − 1.85±0.62 0.003

Time2 − 2.70±1.29 0.037 − 0.01±0.34 0.972 − 2.00±0.40 <0.001

GHQ 1.81±1.38 0.200 − 0.31±0.19 0.121 0.11±0.18 0.536

BAI − 2.20±2.44 0.370 0.26±0.34 0.444 0.27±0.31 0.399

NS − 0.23±0.43 0.600 0.00±0.06 0.899 − 0.03±0.06 0.586

BMI 0.19±1.68 0.860 − 0.19±0.22 0.410 − 0.27±0.21 0.198

MWL 0.14±0.25 0.580 0.04±0.03 0.240 − 0.03±0.03 0.457

LAeq (1 h)

BN:53.8 dB×
time

Ref – – – – –

CO: 64 dB×
time

5.77±2.85 0.043 0.30±0.76 0.688 − 1.04±0.87 0.231

OPO:
68.9 dB× time

19.70±2.85 <0.001 0.10±0.76 0.895 1.27±0.87 0.143

CR: 73.8 dB×
time

19.83±2.85 <0.001 − 0.32±0.76 0.673 0.51±0.87 0.557

IN: 80 dB×
time

11.28±2.85 <0.001 − 0.92±0.76 0.224 1.45±0.87 0.094

The bold parameters are significant at the 0.05 level

in the exposer to levels≥60 dB [15]. In regression analy-
sis, the RR response was strongest during noise exposure
among physiological responses and the results revealed that
the RR increased due to noise exposure and changes were
significant during exposure to noise≥65dBA (OPO). Shafiee
et al. found significant respiratory changes in staff open-plan
bank offices when LAeq were≥65 dBA [32]. Gomez et al.
also reported an association between noise and respiratory
responses [34].

The results of the evaluation of physiological responses
showed that changes in physiological responses due to noise
did not have the same trend despite the difference in noise lev-
els. The inconsistency between changes in responses can be
justified according to amodel presented by James-Lang [35].
This model indicates the relationship between the stimuli
intensity and the physiological response in a biological sys-
tem. According to this model, human physiological response
to stimulus consists of three stages: before exposure, after
exposure, and the third stage involves active defense for elim-
inate reactions to secondary stimuli. The results revealed that

before exposure to noise, the responses were almost calm.
Immediately, after presentation of noise, the HR accelerated
but gradually decreased over time (indicating defense stage),
whereas EDA andRR increased during 1 h exposure to noise.
The changes EDA to noise of CO and IN was lower than
two other noise. It was because of low level and transient
noise in the CO, and also steady, monotonous, and continu-
ous noise in the IN (indicating the stage after the encounter),
whereas the EDA accelerated during exposure to noise of
OPO and CR, due to random, intermittent, and arousal noise
(indicating stage of after exposure). This experimental study
also revealed that RR increased during noise exposure, but it
gradually declined in the final of the experiment (indicating
after exposure). The SC was measured before and after of
presentation of noise in each session. It increased after expo-
sure to noise of CO, OPO, and CR (indicating stage of after
exposure).
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5 Conclusion

For the medium noise levels of the four categories occupa-
tional, the relationship between %NA, %NISL, and %SC
with LAeq could be well described with a linear regression
model (GEE model). Influences of medium noise levels on
annoyance and MWL ratings depends entirely on the val-
ues of noise sensitivity and annoyance ratings between four
noise sources were significantly different. Generally, most
subjects were predicted to be highly annoyed (≥40%) by
the noise of OPO, CR, and IN. The MWL can also increase
under the influence of noise in levels≥65 dB(A) (OPO).
Among various prediction models, mixed models (3-level
LMM) could be an appropriate prediction for physiological
changes. In addition to subjective effects, the medium levels
of occupational noise can significantly affect the physiologi-
cal responses in viewof themoderating factors. Physiological
changes due to medium levels of occupational noise were
small, but consistent and significant. However, these changes
were not affected similarly, between occupational groups.
The EDA and SC responses most affected by the type of
noise compared to the noise level. According to the regres-
sion models, it seems that medium levels of occupational
noise have significant and linear effects on EDA, RR, and
HR in levels≥60 (CO),≥65 (OPO), and≥69 dB(A) (CR),
respectively. Moreover, the levels 60–70 dB(A) (CO and
OPO) can increasemean of cortisol level more than the levels
70–80 dB(A) (CR and IN).
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