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Abstract

Keywords

Background and aims: Exposure to heat and noise can negatively impact
cognitive and behavioral performance in various work and non-work settings. Heat and noise stress
Therefore, this study aimed to provide a model based on a multilayer perceptron
neural network for the classification of occupational exposure to different levels
of noise and heat. vary cortisol; Brain signals;

Methods: This study examined 72 voluntary students, aged between 23 and Multilayer perceptron neural
33 years. The input data provided to the neural network included cognitive,
behavioral, physiological, and neurophysiological information. The output
layer of the network was designed to classify exposure to various levels of noise
and heat into three categories: lower, higher, and within permissible limits.

Cognitive function; Sali-

network

Results: In this study, a two-layer neural network (15:10) was considered the
optimal model, with an approximately 33 percent chance of correctly classifying
the data. To evaluate this model, the accuracy percentage, mean squared
error (MSE), and sensitivity were calculated. The classification accuracy for
different levels of noise and heat during the learning phase was 93.87 percent,
during the testing phase was 92.62 percent, and the validity was 92.68 percent.
Additionally, the mean squared error percentage was 0.53, and the sensitivity Received: 2023/09/13

percentage was 90.42. Accepted : 2024/04/8

Conclusion: The present study demonstrated that the proposed model, based on
amulti-layer perceptron neural network, has acceptable accuracy and sensitivity
for predicting different classes of noise and heat using psychophysiological and
neurophysiological input data.
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EXTENDED ABSTRACT

INTRODUCTION

Noise and heat are considered among the most
common detrimental factors in work environments. If
there is no noise control in the workplace, it can lead to
health problems such as increased heart rate, fatigue,
reduced productivity, and concentration. Heat stress
can also lead to muscle cramps, heatstroke, nervous
and psychological symptoms, as well as reduced work
efficiency. Several studies have been conducted to
investigate the independent harmful effects of noise
and heat on human health. However, today, in most
work and non-work environments, there is combined
exposure to noise and heat.

Cortisol is a valuable and innovative indicator
in measuring the stress response to heat and noise
exposure. Various studies have shown that heat stress
can cause physiological changes and the secretion
of certain metabolic hormones, including cortisol
and norepinephrine, in the human body. Working
memory performance, auditory attention, mental
workload, and human brain activity are other factors
affected by heat and noise and are used to investigate
stressful factors in work environments.

If people are assigned tasks that do not match their
cognitive capacities, it can lead to an increase in human
errors and accidents. Therefore, it is very important to
pay attention to people’s cognitive, behavioral, and
physiological capacities.

Artificial neural networks are computational
models that have many applications in various fields
such as neuroscience, medical science, engineering,
and others. They have many advantages compared
to traditional models. Unlike traditional models,
artificial neural networks have the ability to learn and
can adequately respond to many connections between
variables or unknown data. They also have the
capability to analyze and simulate with proficiency.

One of the well-known models in neural networks
is the Multi-Layer Perceptron (MLP), commonly
referred to as a multi-layer feedforward network. MLP
networks are often trained using the backpropagation
algorithm and consist of one or more input layers,
intermediate layers known as hidden layers, and
an output layer, which are connected to establish
communication.

Today, in most work and non-work environments,
exposure to stressful factors (heat and noise) is
common. Paying attention to occupational combined
exposure standards is very important. Most of the
standards and permissible limits of occupational
exposure to physical harmful factors, including noise
and heat, are based on independent exposure to
harmful factors instead of combined exposure.

Considering that Multilayer perceptron neural
networks, unlike other traditional models, can
be suitable for detecting specific algorithms and
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linear relationships between different classes of
noise and heat, using psychophysiological and
neurophysiological features of individuals. They can be
used as a supporting tool to evaluate job environments
according to the characteristics of people’s cognitive
and behavioral performance. Hence, this research was
conducted to propose a model based on a multilayer
perceptron neural network for classifying various
levels of noise and heat.

METHODOLOGY

The purpose of this empirical study was to
develop a model using a multilayer perceptron neural
network for classifying occupational exposure to
noise and heat. In this study, 72 students (4 groups of
18 people, 9 men and 9 women in each group) in the
age range of 23 to 33 years were voluntarily examined.
A multilayer perceptron neural network with the
backpropagation learning algorithm was utilized to
classify different levels of noise and heat. This model
utilized supervised learning, and the collected data
in this study encompassed four categories: cognitive,
behavioral, physiological, and neural.

In this study, achieving the defined objectives
required the removal of confounding variables.
Various software tools were utilized to eliminate
confounding variables in the statistical analysis of the
data. Additionally, for the elimination of confounding
variables in the reported data (dependent variables),
if the data was found to be non-significant, it was
not selected for input into the network and only
the meaningful data were chosen for input into the
network.

For each of the 72 participants, there were a total
of 244 data available for analysis in this model. The
data selection criterion for input into the network was
based on significant changes in the dependent variables
under noise and heat conditions. This resulted in a total
of 35 neural data, 1 cognitive variable, 1 behavioral
variable, and 1 physiological variable, making a total of
38 data for all participants. Considering the presence
of 4 experimental conditions for each of the 72
participants, a matrix of 288 experimental conditions
was created, with a matrix size of 288*38, indicating
the number of experimental conditions obtained.

The input data to the neural network
included cognitive, behavioral, physiological, and
neurophysiological data, while the output layer
consisted of three classes: lower, higher, and within
acceptable limits, for classification. These classes were
defined aslabels one, two, and three in the classification
model. In this model, the optimal number of neurons
in the hidden layer was determined through various
tests and using trial and error. The model was then
tested by evaluating its accuracy on both training and
testing data, calculating the mean square error for the
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training and testing data, and assessing the sensitivity
for each participant in the experiments.

To collect the required information for the
study objectives, an isolated acoustic chamber with
environmental control systems was used. The data was
gathered using a multi-analyzer pulse system, noise
level meters 2238, recording and analysis of brain
waves, IVA test, saliva cortisol measurement kits from
Germany, and questionnaires such as demographic
questionnaire, general health questionnaire (GHQ-
28), Weinstein noise Sensitivity Questionnaire and
NASA-TLX questionnaire. Also, the Mevox ASB15
audiometer was used to evaluate the hearing of the
participants.

The test process was such that the subjects were
divided into 4 groups of 18 including 9 men and 9
women and each group was randomly exposed to 4
different levels of noise including 45, 75, 85 and 95 dBA
and 3 levels of WBGT 22, 29 and 34 degrees Celsius (12
laboratory experimental conditions). The participants
in each condition were exposed to noise and heat for
half an hour, and there was a half-hour rest between
each stage. Saliva samples were collected from each
participant before and immediately after exposure
to noise and heat. In addition, during the exposure
to noise and heat and while performing continuous
visual and auditory performance tests, participants’
brain waves were recorded simultaneously. At the end
of each experiment, participants completed a NASA-
TLX questionnaire.

The level of noise applied in this study is equivalent
to the noise level of a household appliances factory
recorded using a multi-analyzer pulse system. The

collected data from this research were analyzed using
SPSS version 20 of statistical software and descriptive
statistics, including mean and standard deviation,
were reported for quantitative variables. The statistical
test of generalized estimating equations (GEE) and
MATLAB software and its toolbox were used for
analysis.

RESULTS

The data from 72 participants (36 males and 36
females) showed that the average age and standard
deviation for all participants (both male and female)
were 26.75+2.32 years. The average body mass index
(BMI) and standard deviation were 23.54+1.82 kg/
m?. The mean and standard deviation of the general
health score and hearing loss among the participants
were 1520+5.70 and 15.05+6.61 dB, respectively.
In a network with one hidden layer and 30 neurons,
considering different levels of noise and heat, the
highest classification accuracy achieved was 91.86%,
with a sensitivity of 89.23%. Additionally, under
optimal conditions (a network with two hidden layers
and a neuron combination of 15:10), the classification
accuracy for different levels of noise and heat was
93.87% during the training phase and 92.62% during
the testing phase, with a model reliability of 92.68%.
Table 1 shows the accuracy percentages of the
training, validation, and testing data of the model,
as well as the mean squared error and sensitivity of
the network with two hidden layers. According to
Figure 1, as the number of neurons in the first and
second layers increases, the training, validation, and
testing accuracies initially increase. After combining

Table 1. The accuracy results and mean squared error for a model with two hidden layers in various neurons

Accuracy percentage

Number of L
Mean square error sensitivity
neurons - - A
learning testing Validation percentage percentage
phase phase
1:5 59.44 61.32 53.87 0.61 61.56
5:5 58.83 59.61 57.40 1.11 58.73
5:10 64.32 67.45 58.90 0.89 73.88
10:10 86.52 89.74 88.83 0.70 83.41
10:15 93.87 92.62 92.68 0.53 90.42
15:15 90.58 92.88 91.50 0.41 86.53
15:20 89.30 90.37 87.83 0.72 73.22
25:10 83.38 81.32 79.84 1.65 62.67
20:30 92.5 90.37 88.50 0.94 72.41
30:40 82.41 88.90 83.79 1.27 59.79
40:40 83.54 86.60 81.97 0.35 76.33
Table 2. The results of the confusion matrix for all the data
. . Predicted class (predicted label)
Confusion matrix

1 2 3

1 87 9 0

Real class 5 1 82 3

(Known label)
3 0 2 94
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.Fig. 1. Accuracy in test, validation, and training conditions for a model with a hidden layer and different numbers of neurons

neurons (15:10), the accuracy for both training and
testing data shows a decreasing trend as the number
of neurons in each layer increases. Therefore, based
on this decreasing trend, it can be concluded that a
network with a hidden layer of 15 neurons in the first
layer and 10 neurons in the second layer provides the
best performance for the perceptron neural network
model. Table 2 was used to determine the performance
of the optimized model in identifying each data
group using the confusion matrix. The results of the
confusion matrix show that the provided model had
the highest errors in the second class of noise and
temperature levels. Out of 96 data points in the second
class, it misclassified eleven data points into the first
class and three data points into the third class. In the
first class, the model misclassified nine data points
into the second class out of 96 data points.

DISCUSSION

This study aimed to provide a classification model
for occupational exposure to noise and temperature
based on a multi-layer perceptron neural network. The
input data for the neural network included cognitive,
behavioral, physiological, and neurophysiological data.
The output layer consisted of three classes: “lower;
“higher;” and “permissible exposure;” for classification
purposes of different levels of noise and temperature. In
a study conducted by Siddhartha Roy and colleagues,
various models were used to investigate the impact of
heat stress and predict thermal stress for underground
coal miners. The results of the study showed that the
artificial neural network model, using heat stress
findings, was able to accurately predict thermal stress
with a high correlation coefficient ® of 0.9993. Therefore,
the use of artificial neural networks for estimating
and predicting heat stress is an effective method,
which aligns with the findings of the present study.
Furthermore, artificial neural networks can reveal the
limitations of noise perception in the real world. In
the present study, the data were classified into three
categories, and the random classification probability
was about 33%. When using two-level classification,

Iran Occupational Health. 2024 (01 Jun);21: 1.

the random classification accuracy is 50%. Therefore,
the possibility of correct data classification by the study
was considered acceptable. To evaluate the effectiveness
and efficiency of the classification, prediction, and
detection models, a confusion matrix was utilized.
The findings from the confusion matrix revealed that
the proposed model exhibited greater accuracy and
lower error rates when dealing with input data that
had substantial variations. Additionally, the negligible
occurrence of errors in the model can be attributed to
the diverse sensitivity of individuals in their cognitive,
physiological, and neurophysiological reactions
when exposed to noise and heat stimuli. Therefore,
the presented model possesses an acceptable level of
accuracy and sensitivity in predicting different classes
of noise and heat using psychophysiological and
neurophysiological input data. The optimized model
in this study had a two-layer topology, with the first
layer consisting of 15 neurons and the second layer
consisting of 10 neurons. The single-layer network
with 30 neurons achieved the highest accuracy (91%)
and sensitivity (81%), while the two-layer network
with fewer neurons in each layer had an accuracy
of approximately 92% and a sensitivity of 90.42%.
Therefore, not only did the addition of a layer reduce
the number of neurons from 30 to 15 and 10, but it also
increased the model’s accuracy. The study conducted by
Uzair and colleagues, titled “Investigating the Impact of
Hidden Layers on the Efficiency of Neural Networks,”
demonstrated that reducing the number of hidden
layers directly affects the accuracy of the network and
may result in the network not being properly trained,
which is consistent with the findings of the current
study. Finally, the findings of this study confirm the
validity of the multilayer perceptron neural network
model in predicting different classes of noise and heat
using psychophysiological and neurophysiological
input data.

CONCLUSION
Based on the results obtained, it appears that
a multi-layer perceptron neural network model

f
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can be used to detect specific linear relationships
and algorithms between different classes of noise
and temperature, using psychophysiological and
neurophysiological features of individuals. The model
presented in this study can serve as a supporting
tool to evaluate certain work and job environments
according to the characteristics of people’s cognitive
and behavioral performance. However, this study
was designed for specific experimental conditions
and 12 different modes. Therefore, the existence of
additional studies can strengthen this model and
include different and more realistic conditions of the
work environment. In this study, due to the reduction
of features and labels of independent variables
related to noise and temperature, it was not possible
to predict individuals’ cognitive performance in the
model’s output using different levels of noise and
temperature as input. Therefore, it is suggested that
in future studies, neural networks be used to predict
individuals’ cognitive performance when exposed to
harmful physical factors.

ACKNOWLEDGMENT

Theresearchers would like to express their gratitude
to the authorities of Shahid Beheshti University
of Medical Sciences and all the participants who
generously contributed to the successful execution of
this study. The proposal for this study was approved by
the research and ethics committee at Shahid Beheshti
University of Medical Sciences.

CONFLICT OF INTEREST

The authors confirm that they have no conflicts
of interest associated with the publication of this
manuscript.

AUTHOR CONTRIBUTIONS
M.J. jafariand F.mohamadi conceived of the presented

idea. Also developed the theory and performed the
computations. M zokaei, and M Falahati verified the
analytical methods. M zokaei A. alimohammadi and
N. Safarpour Khotbesara took the lead in writing
the manuscript. Y. Faghihnia Torshiz provided critical
feedback and helped shape the research, analysis
and manuscript. All authors discussed the results and
contributed to the final manuscript.

OPEN ACCESS

©2024 The author(s). This article is licensed under
a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or
format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes
were made. The images or other third-party material
in this article are included in the article’s Creative
Commons license, unless indicated otherwise in a
credit line to the material. If material is not included
in the article’s Creative Commons license and your
intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view
a copy of this license, visit: http://creativecommons.
org/licenses/by/4.0/

ETHICAL CONSIDERATION

Students have participated in this study with
informed and voluntary consent. The confidentiality
of the extracted data was considered in all stages
of the research. Non-interference in the data and
attention to proper referencing have been the
concern of the authors.

CODE OF ETHICS
IR.SBMU.PHNS.1396.63.

How to cite this article:

Mojtaba Zokaei, Negar Safarpour Khotbesara, Ali Alimohammadi, Mohsen Falahati, Yoosef Faghihnia Torshizi,
Farough Mohammadian. Presentation of classification model of occupational exposure to noise and heat based on
multilayer perceptron neural network. Iran Occupational Health. 2024 (01 Jun);21:1.

*This work is published under CC BY-NC 4.0 licence



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

http://ioh.iums.ac.ir o

VAE-Y YY) 600 ﬁ_ 3
= =

1

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

AY A (g w3 o A5 ) (a0 o g5 g o b (i 4g2 190 (o 4 Joo 41

) ol cogles (S5, psle 00Kl S eyl () 48> culigg 09,5 skl £ 25D e

Olnl gl sl (S35 pole 018l S el () o cutligg 09)F a8 3 puw ailad 0 o IS

Ol eSS (K pole olSiils (ol s 9 (S8 (Sbjy 09)5 bl g eande e

Ol gl gl (Sidjy pale 0aSEils S el (gl 48y cubligy 05,5 luily 1 SoWME e

Il ol el (S5 pole oSl G Cutlagy Slidos 55 50 ¢igaels psle a4 155yl W i g
f.mohammadian1986@gmail.com .l i b S (Sibj pole oKl IS ol (gl 48> cuilig 09,5 ¢bdliul (Jgtme odim 5 %) 10yl dosro (39,1
Ol (I s e (Sbiy pole oSy Cudlagy uStils (gl 4y gy pokis 09)5 IS 5 bame 5l (s Jelge S i 3 pe 36 phan Sl desre

oJ%S\?

Ro;lguls i e g b slalazs ) (6)lB) 5 (BLb (slad Shos yy Cgllash T4y 2eie o 5 Lo S | agelge 180 g dine

o 5 aole)S oyt slajly b aralye canadl ly 4Y W Ggpten (as &S p (e Jro )] Baa b adllas ol 125 o
sl 5 Sl 5 plosl Lo)S g 1o ciliie
B3 Joss5 B 1B sy 290 wldlogly Sy JLo ¥V LYY o 55 0 gl 51,8 VY addllas ol 3 2oy 2 (B3

Ere gl U aw Jold (295 @Y 535 (Gdnaidnry 5 Saiglaand ws)ld) (BLd slaodly ol (as aSid 4y (9399 ML

D gxaib sl L) g lo calisie gl b agalye Slre 4> 53 gyt ieS WS

Cygeods Bodld (b (g dbds s> Jlainl 9395 (V1)) (lats 4V g0 b s 4S0s ciny Jbo aslllae oyl o il 4Bl
Comlus 5 (MSE) Glaye slas (1Ske s dioyd oaiaslyl Jao ob3)) sly i duloee o ps ¥Y Lo 85 il
AV/EY (solue (y905] Al> po 13 9 AY/AY (golune (559l dlsyo 3 Lo )3 g o cilies (slajl 5 (gabdils €8> 45 A5 dwlxs
iy 4 Camles 1o )3 g Slape (Sl slad Mo )d Cpicmed g Jol Cawd 4 Lo > AV/EA ssiags Jto Hliel g do )y
35 A-[FY 4 - /oY

g 0B ghls Y wix gy omas aSh e oadal)] Jae ol lis Lol> aslllas 16 S dsesd
69559 sools jloslial b Loy g lao Lad agzrlye Blis Sl pdS st sl Jod S8 Col
WYNIYe gipd &6 2,15 S3sls s 5 S3sls mdsSals

Cgu/o.b‘uuﬁ)/)féﬁuc ué)w
Dl 2l Sy las 2udo

WY X2 gy (was &b

VYEIYY il gl

o ol 4y Slciw! o guy
Mojtaba Zokaei, Negar Safarpour Khotbesara, Ali Alimohammadi, Mohsen Falahati, Yoosef Faghihnia Torshizi,
Farough Mohammadian. Presentation of classification model of occupational exposure to noise and heat based on
multilayer perceptron neural network. Iran Occupational Health. 2024 (01 Jun);21:1.

ol 43855 3920 CC BY-NC 4.0 b sl ST aw s 3 3940 4 alliio ¢yl plibassl™

Iran Occupational Health. 2024 (01 Jun);21: 1. 4



http://ioh.iums.ac.ir
http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

b g o b (ot agalye (gon il Joo il

G015 g e goilS 3 il i o il sl
N9y 2kl g o) n 2Ll &S Slasliin sl L)
2y aliSee sla il b agzrlse o (Ll a0 odled
Jg delodisajo i la asein Gloj ojs0 SG b
o Zedled W9y et Sl enslin (S09, (BEG)' 3
g los dlox 3l Calizes (gl oyl b agalge i L]
(YY) 0l o o5
S 08 o ks e S s ime s 45
Pl (S390m (sae 4 o Shes 5 LS ls sloaix |
Si9sm aliSee laars, )3 Jlgl3 0 )5 g ool aid 5
AY) 0,1 laaid ) s g covckio e Scb iy, pole el
slodoe 4 o g5l Lo (guae &Sl Joe
e Sla e B o 5,5k 4 (O o i
ol cdobwly oogadl o5 pFob Ul sllo
fesly 45186 glbools 5 1o ey ooz oAb |
6'4"’)"": LgL:boLi';.wo g_e)b)» u-*-"' p.fb 9 (Yf ,?)..\.Q.)
S YD) e g3l 5 el sy o8 mnsls
Lo ools 22355 990 )3 (228 i 45550 (s 4SS
ad; s g a8l s ools ply 10 50,5 ced Hlai jo
sl o Jae 5 o (V8) el iy llanil L
Y Mz g omar $Sod (omas 4S0d 0 00D
0duals j5 jgPeinn omas aSid a5 (YY) cwl (MLP)T
o el Ll e e psSl Gy 5l il g 090 oo
Y paiz b S slyls MLP _ac aSlis (YA) s
Ol sl &Y e b Sho by a5 cul (59555
5 0 513 (293 g 63959 Slo 4 (e (B b
Shahiri aslllas gl -(YA) wigd oo bl olmsl cely
@l sl iy, w3l ol lid (Y+) Husain
Ot Olgdls 3 Shoe (anail sl sglesls
S S s S350 (1AN) e a8l o 5 &y 80
(Y8) 50 gy 9 (FAY) plaias oy uile (741Y)
w5531 55 (F)) )5 5 cgolT e aalllas 5.
WY L egl ag, 4385 g5 5l Y i pnae o«
osliinl (ol S o ol (i 12 09)8 0 5 Ole
03 S8 (p ey g Joe dine Sl o5 g5k 4 00
Sl 4 azgi b ool BlaT (9,08 YO L pleis 4¥so
wzlpe id e g (Bt la Laome 2ST 50 059 5l
4z Ik (oo plys (o g Lo)S) 1) Gyl Jalge L
Condl Pl by plgy Jal agalae sl laslinl 4
agrlse lome 030> ¢ o il 5T45 o o e
aLoyS g lao alox 51 (Suzd ol ol Joloe b i

1 Electroencephalogram
2 Multi-Layer Perceptron

\4

doddo
boagzlye )3 )5 slo Lamee po ol IS8
Ol o 50 (V) Wl 18 cdls 4 sy ol Jalge
391 0k else cn i @ld 5 (Ko plye oo Jelge
JFS pae D90 50 45 255 (o0 g olnl galio
Oy Y aloz sl g )lowy (2158 59 sl lgs o <]
2o iz a5 (35)) 998 wds s 65 2 5 69
550 ST g 58 el sz gy elad (SLd slas Slas
o5 5 sarms e dalllas o5 (5,5 4 (1+) ol
b o Shes p polae lao 8L (cwyp Olpse b
oeals el las ols las gilug s mlio LSS
S0 0) 393w LSS o5lis i o Shos
o LS Gl sle bue jo ol b Jelse 51 S
S el g e o S e 45 (5 ko 4 22
Ol sasie Sladllas iz w2 g (V) 098 5,5 0030
95 S50 528 Slpess el (olo)S il a5 Alosls
5 Joriyss el Salie Slagygeyso (S0 s
6ol Sldllas (e:SG .V YY) 00,5 o ool g8
Cadlas (59 32 La S gl 59T b Jiians S laree 5o
1 5550l 45 I 0 (10 ,VF) sl o plovil L
hoo b plys agrlo  dad 18 g (Jad sl b jdn
u‘)m 9 Chen axJlas G’Lu (\?) o)lo 09.?-5 Lo; 9
ISy i o )5 g oo b plgs aglon sls Las (VY)
2 SR8, 9 L8, (Sdnid (SSLs
Oy 9 sl gl jasle 5l G ogd e o4
el Sl el 5 I i
WIasl oo Js5eisS o 9 LS b agrlse 51 2L
550 o Gl JoredysS wbale a5 (gy5b 4 (Yo-VA
Ao sl Sl 5 (Sopd e sl gy
s @old azg g o) I5 akadl> 5 Slee (YY)
Sosb ao,ls 8 las Sb cod aS cul 6,8, Jolse
lae s jo 0l lid o] Ken ¢ (5 02> aslllac a5
yob g las /g lus a8 jle g 5l s las b
Colled 5 2356 (F) by (oo 205 g2y
Jlie oS aits 351 slo el alex 1 olasl jie
iy ol 8l e aS Shso 10 (V) el los 5 L)5 5
yean Ll 23t sla b B L oS sy Jy
oy 5 Sldl glallas iul38l 4y o cally ailas
G618, (b glo cod by az g (nlply 0gd oo
o LS g ol mpe sl ST (Su5e0 58


http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

cdl> o ol calises ciolejl Cdl>= VY oyl 5l ol
g 98,5 13 L )S g los (SPLAS+WBGT22) ais;
LS g lao aglye Cdl> ¥ jo (Bolal & jg0as (s
Bges S olaws a5 pl as axgi L) wia Lisley] Koo
‘s.wLo)] G| ES O\.XAAS\_ASJM D g Ogs \Al ﬁ‘ﬁ
Sde s 4g>lse Sl yo j0 oS S b (Casl YAA
2 O g B 13 LS g o b agzlse )o cela o
Bl digad ain )8 Col il Cele o Dos @ Al 4o
o b agrlse 5o alolidl 5 L5 oiga ulel o
g Iao L agzlss pliin izmen 0 (5 slee LS g
Golid 9 (5 o ding o0 ,Sles yg0;l plxl g L )5
OBauSES b sire zlael Hlejer &0 (IVA)
I I PR O EUC AR ¥ U R VY PR RPN W LIV S O
oSS 0058 1o ,o Lawgs  (NASA-TLX)' _d
;1 eWave EXG Recorder  Jow Soadgn 9,90 oSiwd
S Eloel (el (15 s 9 9B 00lasal JUS P 53

A el BB uilS )8 slanily o

lao Jad aglge calizes slosl 5 (g ail cp

el b aYaie o n n (orae 4l 5l LS
Aol s 5o (giladan ol g ol oolainl jLacsl s (6,500
O9Fewn Sl w8 plxl VA ads e
S sl Y i sl b g G5l Vo
aY Jols lagy] oac aSls jlisle g wloas LSis
6[‘5;;:9 OL)J..: l.: 609)5 uLC)Lb‘ ;».9[.:);)) 605)9
Ly pl o Slee) Sl Y (Al a5 (94,9 o,
Al 5o ealdil)l glacwz g b (59,5 dlwy 4
S S slas) (29,5 A 5 (o) sleosls
4\.:.]”4.4 u.l‘ )é ..\....:L) < (Lgd.ué\.a...]o (5‘)-’ o..\....:w).u
(oLl sools Jolds cmac aSll a4y (594,9 Dl
Y g ablbie Sidnmdss 3 Seisla b (o)L,
Slre 9> 50 g yldan eSS dw ol g,
ol sl bo)S 5 o il slajl 5 b agzlse
o lod Gz O jg0a) (goallb Joo ;0 45 0
Sladises a5 (5 5k 4 09 ey j b (6,500 (Joe
ST 9 o oold ALl 4y (6995 (laie A (LB jgel

2 The General Health Questionnaire — 28

Ok else b Jiine agzlge 2 (i gl 442 lge sl
R8T (R) Koy b1, loF (25 gla
slso yo lao STl slacusgass g WS S i
Slay az g b iz e 5 (YY) 0SS, g
oo plo OS5 Y iz (g (orae S0
Lils; 5 o slopi, s pansets 6l Wl oo (S
oolitl b LS g lo cilisks (glaodIS oy s
SR Sidedig 5 Sidmmdsole sla SR
@)l sl Ol Ll SO plgrear 5 wil Gl
el s Shos sl S5 b cenlie id sl o
b axlllas ol 130 0,05 )5 oolistaal o 50 ol 3l (5,3, 5
Kz Oy (g ASLD p (S (Jue &l Saa
L (ol agzlye alie slajly gunail sl Y

30,5 alil Lo S g los

b 09, 9 dlgo
o aib Jae ail)l polaie 4 (o2 aslllas
SIAVY aslllas cpl po 0l plxl 4Y Wiz (9%
09,5 ;345 )5k 4 6 VA 055 F) lgmails
a Jo TV LYY gy o (05 5 000 4
&S ol 85 B ey 3,90 allbgls &5
G5 aslol 4y Liles asllas og p ley Judo 4
8 Bas o8 0 g wiad Bds aslllae | aaslw
50005 LSS 1y (D cols, 6,8 axdllas £4,5 )
LS 5 lho (ol agzrlye un il gz aslllae ()l
Modlﬁm‘bywuswf@w&wﬁw
sbsly 5 55 0,50 DMl (5551 05 (sl (aizen 5
S s b gl St gST BB 51 andllae Cilaal
Britel & Kjeer )YYVA ziwlos (S LosloBriiel & Kjeer
Sl JozysS i sle cuS (IVA)' (g lastss
ZellBio GmbH  o,leis 4 oylodl g8 el gd)
aoliiw 5l 9 (Cat. No : ZB-S11003-H9643
> (Mevox ASB15) yogedl oiwd e g
Jolwe ol solasl Basses b gled L)l
ialejl o slal )0 a8 05 IS5 oy Gialesl el

1 Integrated Visual and Auditory Continuous Performance Test
(IVA+Plus)



http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

b g o b (ot agalye (gon il Joo il

s u:%uj el b oy aY o age slo 9,9
5 u:’)'s-"T e oolo o Slae o s b 3ud Joo Qy’ﬂ
A plil sdigd silesl 1 (sl Camlae s

b sloyall oSl
S s b &g o] St gST SEUT 1 anlllas 0l 5o
2&isle;] cdl- VY bl gl (A3l laa JuS
axdllas 5,90 ol 81 jolaie rod 0l coliiwl el
9 WD el ) 9350 1 Jold (6,8 VA 09 5 F
5o @lide 515 T (Syme )5 (Bolal sk 40y S j0
alize sl 5 maw ¥V oaud 5 | SWBGT | mhas Y
ol F il azx o VY 5 YA VY lussS 5 sles Jolis
(ko agzlse 0gam 51 VL 5 plp oS i 5 @)
Ol 0 eolaiul 0 gl calizes 515 T ioren g 09
a5 09 | o s A0 9 AD VO FO Jolis anlllas
axgi bad obml calises ciolejl <INV ggomme
30 glae alize ol ouls SO (i e
3> 53 agrlye slome 3> 5l S S Y ey (e aS0
LS 5 lao b aglye slme v 5l i 5 agzlge e
dallas ol 500l Jlael glas )l ol (o’
B psled adgr dls IS 51 eals lans slae e
Britel & ) b ;Y1 e i lawgs a5 Col
& sl o] 51 6 50 V/0 glas |y (S LasloKjeer
U1 5, Ao s B YV/O oogamme j0 g 20,5 las
b Gloslw 5l 6ol &5 (nl 4 az g Lol GulS 2
(1SOY) Ml oy o laibiwd yloslos aloz 51 ol oy
byl sl 1, WBGDT plass 5 gl esls
SHPELYY) Wloo,S 3kl IS e jo ol )5 o i
Gosb 4 ol eolaiwl ol asdllas (o i @Sl oyl
oBws 3l (665 5 sled aslis (g 5T ojlail gl aS
ISO s il b g:llae QUESTEMP 10° Jus WBGT

YD) o ool 7243:1989

LS il g syl divgy 0 Slas g0)]
(IVA+PLUS)

A gS)‘W LS)L)..:.O gy Qs,o)'T S5 IVA Qs.oﬂ

SLilogely el J S ey &‘95"‘*5 Sl glaado
65105 gl poe b ly ol 931 ol oo oo )18
b S ey aile 903l Syme B0 e 4y (Bly

1 NASA Task Load Index
2 International Organization for Standardization

q

oot (29,5 b S0k e ahiwgar Jol>
o gz Job sl i 5 aeli
a ol Jow ol ool colanul oSl sla el L
Og yugadte slrosls Bis sl 0ul s Slanl
6)1.91 ,JL{I ogise slaosls i Cys 45 (6 9b @
5 oo Sl33le 5 0 EEGlab jlplaes 5| EEG (glaoosls
> T o g D oolazul Jao 6[.%4.0.]}9 ,Jlj
Jouxio) 03l ke glaosls o hgase sla osls B>
slrosls o Golas) Jlolire (slrosls s (aiwsly slo
(Al ol aw ) > slaosls a4 Cons sawlcawsas
Caz andlae pl Ho  dadh Ol a4 94,4 sl
Al ool ablise i [lael g 5l i Ll
Awd )LP J.ALw axJlao L)"‘ I °J“i’6)9‘é“’.' s ools
Sl 4z ) 6,18, foud Syo 2w 5L (Sls
5 (3ln Jomdyss cdhild) Soielennd ()l 4
S5 el Sz g 09 (o (iS5 ik ) 555
plaazgb.ab oyl peals YFF & VY 4lp b osols
Gololise Sl 4y 34,5 (gl Wosls Ll Jlas oS
oo b ag2lse Lol S sl (sl eiie Sl
Glp)og - g ) als v losls gilw Jby g le,S g
@ o sols ijeel £9,0 5l i o odls g5l Jloys
ol ) (Wad el LBl Jlade 0 55 )5
G, 00l VLl 00l ) (g a0 0018 YO £gaze
dop (gly 00ld YA ggamme a5 Sujelgnind oolo )
Caddse Oliee (owyp sl ad QLI GFas eS8
5ol 5 S «goiaib gla s o)
S elS 52 a8 (gyab 4wl ooliiul (55:8lS Lo
I CEIN VI PUN ESR ) RN WS IPRVELSUA UV A
Jolee a5 sils apalge il ciolejl <> F L
S5k a 33 O35elS e ile 5o ialesT 2l YAA
oolo s ool cl> slaws | JSiie o Slo 4
SleMbl ol slowl YAA YA & jg04 (555lae> o
(5 L8, (sl sools Jolds cwac 4l 4y (5049
Jols (o> ¥ 5 09 Sslsirdsss 9 Sulslsired
ol b agzlge jlne o )0 g flion S (WS a4
Joe 0 a5 0g gunaib glp LS g las e
Ao 5 99 oSy o)led Gl Ojgoh Gunall
o) 55l G Sle 5 Cales 5o s S Gy
VAN (ololed o age Joo 3,Ses (i )00,
Joe ol yo ol eolaiul WDAISTY gl bosls S 09,5
WY Olye o 5 4 099 TO g 4V T slawi i 5 4,
Slasi &S (g 55b 4y b Bl g (9,95 Slos 5 lesy


http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

Jolis 4 b)"b).i‘sa lole SO yo 0,8 ‘_;;lj) Cordy
sbacs 5 bupl lulus g |81 asle gl ailis
ol 01 31 gl alaxd L3 5l

oy slio 4 Cowlus doliiiaw
wwolﬂuumwmém)gm}l;@é

ol @bl slp &5 0 (Bauses, s glae 4
Al oolaiwl cpliznly las a4 cawlus aoliiun
O lp pliily e 4 ol ulide
S Gk 4 osdise eoliiul lae 4 (g pdy STy
F b G o as wblige Jlaw VY Juls olde o)
oddppdas e Dabay U (38l Coalay 5l las o
Slvo a4 conlus cw)Baslicn oLl g oy, ool
(PG 5 goome o 255 lawgs cnlizaly
YA o1 #Lig,S sl g el saalosl Yo o8 o o
o8l caliiin p oSS 5l am el sdalcasoas /.
Loy T ol 5 Cowlus sasmslis aizs 5 YL o pes aS
axdllas 45 04,9 Loyl s axlg ol 81 il aS 0 g5 lowo 4y s

NASA-TLX _:03 IS b doliius

L Ol s =Seslail Cam iagh opl o
R OQLA:\M‘NASA'TLXMWJ?: 3lead Sy B
ploul g Jlo aw Sae jo Lol Sladod 557wy 10l o
DO+l i g Ang (ARt lajl (g5luared T 5l i
dalidien y Flig,S T (lime 5 00l (89) ) en
JEET-X S L P PR ot T8 ol 00 yuad Sus 3 AY
S ,kaz )0 e ped ad>pe 5 )l 039 (et
0 yo3 (yaaS pga Al o Lol 9 45 s slo i
il e ) g3 )k 2l
ezl el
S ok 4.0l ool Mevox ASBIS ogy sl olKiws
Fols o0 oBaus as,n oled slew! a8
o3l 35,8 \‘ g lee e Voo D po uils)S
o ailiw! Sl (s Jl puS 5l o g 0l 6 05
.59 (NTHL)' o 28l e bl uils 8 F o

1 Noise-Induced Hearing Loss

s b a Jlo £ oldl (6l gasl ol 0yl L ez g
Oleeds |y azg o (YV,YF) ail o |2l BB (YLLS )5
95 3 b Joe bl p cgamain solis adlge SO

sy ALE (S5l

&b ° o Sl Gag il Gseyee So JyeS
J6yol - 5edspea uga¥lisped oo jl ol sl 4,
JoyysS wdale g .Fo3lal (YA) g o of31 (HPA)
b J93,55 rSeilal loghy) 4 S Gl
asdlas ool jo cplplo (F) ,F4) ail o pas S
S5 %903 5 Joidse5 p leyS g lae SIS b5 sl
30 A awlgs ol 81 51aS 6y eboas cals solazwl ylas 5l
LS 5 loo b agrlye alizee slacdl sl g 9,5
0 S 5 0 el shen ¥ o 55m S B
ooyl @ g oS adss |y 095 3l alolidl Jlxso o
@ diged (10,5 oay Jilo (s WSS Jiie g
yolaiods adBs jo 0 Frer Cepn Laado Ve Sos
3 dm aAloBM g ol ploul o 515 51 5, @l S cuils
Ve sles ;5550850 Gl sladiged (03,5 Sanks Sl
laiges jJUT lo; B 59, FO o as ol 5 6l a0
Jg).u)jfu.lalc &5";&5)'35").‘&‘ LE‘)-?‘J-.’.‘))? Lg)b..@‘.ii
b gdy Gl JogssS i sl Sl Gl
ZellBio GmbH Cat. No © ZB-) o Lo 4y o,LJT ;428
Oloy asdllas cpl o g o solaul (S11003-H9648
19 0355 8 lalllas s 455 355 55 o
LFF-FY) 0,8 s 0l ploxsl aio )]

(GHQ-28) 5 ,ulS  ogar Ceodlw doliviows
opmt el 2l aallln 4355 sl o 5| S
EOACRWWUR] TN SO NLNY P JUIPU SR PUIPR L JLL SR Jt-|
S Aol o oolil S palS eges Cuodlw
28 LS s polatens a5 Col Ggal  sog0e
Ol lp aebigin Gl -l osd ik (ot s
5 Sl 00l e S palS alwsas VAVY Jl yo L
Slows 01,81 g Wl o8l s als BB ples o) Bon
Ol 5 (F58ke 5 (F0) ) Sa 5 (5585 ()]l 5o - o
o508 Ceodw doliiinyy i liel g SLL (F5)
wyr & aeb iy ol Gl liw losls sl |,



http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

b g o b (ot agalye (gon il Joo il

(8 YY) adlllae )3 0025 55 23l (38 sl Shy ) Jgue

g5 GRYP) o5 (65 Y5) 050 e
s o) s s el oSl b sl ole clani
YEIVO(YIYY) Yy-vy A7AN \t7Avd YY-vyy A YV Y (JL) o
YYIM @A) YA-00 oIy FEIVO Ve e-OA YA vama (PS5 5kS) 039
ARAVINNICNARD] VVaA-V0A Y/A- VEYIYA - VAY-\PY AN \NAVAAS (o siilw) o3
YY/OF(V/AY) ARVARRIN \IYS YY/IVA YA-Y- VIAY Y/YA o el
(@rore » pSokS)
VOIY - (BIY+) Y-V AT AINAS A-Y- YIv- VF/Q0 050 Caodlus 0 i
£YISF (N - Q) Ye-0F MYY IATAR Yf-ov \lias £VOF lao 4 Sl 0405
\O/-BEIFY) -0 -V AR VFI20 . =Y ZIVY AINARN (Jrswd) loss
2 pSLS YYOFEVAY Ll S eog asls SHtoglyol So

9 (0908 Cuodas 0503 lre Blieil 5 (koo 0 0
VO DEFIN DY+ 2O+ s s 5 4 il ]
Sl ysie 51 2 lone Sl il 5 (oSils 02
3Ol 5 Qb oA SESE O jgo i 9 JS D90 358
ROW PRV R R PRCS

Oles AYSS) 4 dw aSlul Gl i ¥ Jaux o
sbagg,g sl b (29 Y «09)9 &Y
50 Al s Sl g wbl oo cvnlie LB ais
a5 e o Hlis gt wal Cavs 4y (5,9 Ve olaas
4l 03051 5 (i liel (hjsel gl cols o
09,5 4w o (sl Joe S5 0 VL 5 Sl o035 o0
099 ¥ooolawy jo ol 4YSH L aSil gl ools
ol 00 Jol>

505) sl sols B3 wig, 0y p et eV S
i liel la sols CEs Wiy uzaladl | Jovie
L, Goyeel sle ool Cds g, diwgn bas e g
as ols Hlas b e o lisd (9,98 olawi s b
02 & sl 09031 9 (il ¢ Bj90T (slo ool 2o
S sl e 285 YL IS 5y 5 el o5
el 0als ol 19,9 ¥e olass jo ol YO L

Slael (ojgal sldosls C8s woye X Jea o
Sl 5 Slagpo (gl (2 Kilko ( Joko (g3l 5 (i
JB alzes gl (5,95 50 1) Olesy Yo b aSid ol
L aSod odnlcwod mls gl .oll oo cvaliv
Sfes (n e VOV (o9 eSS L pleiy Ve
@bl S8 i o 9 9,00 ol e 4y Joe sl |,
L A8) e Lalpdys Lo 5 o chlize sl
o3gel Al ye p0 (V0 - 9,55 oS 5 b lasy Yo
Ao, AY/EY solus (30l al o 10 9 AY/AY golucs
g do 0 AV/FA Jow ,lael

Ag/ 54 :SIV8 I EEG la JUSw asdlas opl jo
Feoo) oasS Cogdl b SV SIS S0 AgCl
S LS 50 glgel oS sl g b o 550
Jygees (Fg 9 FocF B JUsg 8 (Fp, 9 Fp)) LS,
9 (P4 9 Pz, P3) JL‘-’)" ‘(C4 9 Cz.C3) «.J‘)-*-‘-“’ ‘(T4 9 T3)
a0l (0, 30)) Jlis

loools fuloeiges j2ei s,

ool 38l 5 S 4y gl ol 5l ol (slaeols
5 oy &y 9&; S8 BT 5,90 Yo asens SPSS
B9 S9edsS gesl 5l eesls (139 Jley 5l Lol
o ol 515 sl i eolitul g e -
g8 515 slene Bl 5 (Sl (o5 sl it
ply 5 Joine agzlge 5 )lobine gl 9 Sl (o) 2 612
9 )l azgi 0l Sy (a3 5L LS g las
SYolee )bl (93l 51 3132 Jg3ei5s5 Ol 5 ol
Yoo (55le] (303l 5l atasly (slojeiin r Conii
56T 5 byl Sz ez o0 g axlmand 3505
J3dle s 50 5 5w sloas 5l EEG slaosls (5,L]
.38 5 oolawl EEGlab || laas> 4 2016b (s

b asily
Spe a5 YF) soiSeS b a5 VY ledl V Jgo
5 el e oe LA ) aalllae o (0 L85 Y7 4
(55 5 050 oaiS S 15 o3 S e lne Glyoul
039 sbme Blyzdl 5 . loo o Jlo YE/VOEY/YY Ll
VWIAVER A il oy 4 odiiS e, ol 3l a3 g
Jexe Sl 5 cpSolae «stagils VVY/OOEAIY «

1 Generalized Estimating Equations


http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

ul)lfw.m 9 s{lfé (e

calises dL‘”C)})ﬁ" 5 ULP(% Aﬁ\j&_i.i L J.\a tﬁl)’- blq)n u,‘f;L.n dUa& 9 By E’L" Y J5"\.>

CES dwoyo
Gl sy Ol yo (120l glas wo o - 0929 Sl
(gL 003! Sl
YAIOY \IYA A\ATAR! Ya/fy fFANY \
Y¥/ov YIVO A\aTAS fYIAS ff/70 Y
YAy \IgY AfdAR fOIfY \idid A
Ya/A¥ /Y INAAS . DOIVE OYNA A
YVIVF A7AR OVIYY O+ /AR OV/FY \-
fay- VAR £a/fY FAOA Fa/q+ 'Y
OV/FY <¥¥ FAIF - Fa/NF £4/7) VO
YY/# VIVY AYIFA AYIVY INVARN Y-
AOIVY < IFA INVia% INAARS -/ Yo
AQUYY < 1OA V/YY /YD VAP Y
INAAN VIYY AQIYY /7% VA4 Yo
ASIYY L4 A/FY INAARS 0 ¥
YT VYO AYIY A7 INCiA o
$OIf - “IEA $A) - SYIYD £2/00 5.
V¥I50 IV $YIA- SAEY  VfY A
$V/FY VYV SOIPY SYIAF SOIFA Voo
SOIY V- SOV SFIY- AR - VY-
FOIYY AR #YIN- £a/0¥% 2YIvE VF.
100
80
70
g
L e ey g g
= 40 = : A
j 30 T asedl
20 T o el
10 E
o
1 3 5 8 10 13 15 20 25 30 35 40 50 60 80 100 120 140
e Sl

Gl slocig > olais 4V b Jio sl isel 5 o] cssedl bulyd > 85 oy foges ) S

55 (0 Gl 0 25 g 03T 9 390!
Slaws il ols ylias o] Caws 4 b aslis
g yS (49,9 é‘u\ﬁl{@dj‘)‘ Qlia] Ol slasy
%me)o.m@&mlﬁl);}lbdow
S,8es fpyige Vo V0 (S9y80 oS B L ol 490 b
Ol @Y 50 5 59,8 V0 Jsl Hless Y 0 a5 ey

Je 9031 g i jlel Sojgel 8o s ¥ IS

) alizee slagyg)o8 )0 Glery a¥gs based Syl )
o 9,98 olaws iol8l L ols lis gl .o o ol
093! 9 (e Jlitel (Bjgel S8 pgs 5 Jol 4Y 5o
510 il sn Gl Kt ) 5 il sn Gl
Voog ol Y 10 1,9 VO L asVeo aSlils jo Juw &do
Loas ols las guls cael cass 4 pgo a¥ 0 (9,9
laools gl cds ¥go 1o 10 layg e olass il 38l

\Y



http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

b g o b (ot agalye (gon il Joo il

calisee gla 098 ULQ(..« dﬁ\(gb L J.Lo dlx &:Lq,o u‘i‘lm slas PRe E’L’ .‘”Js.\?

_ Cdo wwo o
Comluns 2oy Olry yo (1 Sleo glas vuo o - 09y Slas
sz ylas | TSI TSe L)
#1108 <12y OYIAY IATARS 0a/ff o:\
DAIYY \JAR! INAS 0a/#y OAIAY 0:0
YY/AA <A OAA - #YIF0 FYIvY AREFA
INTAR! AR AANIAY AV INdINS Vo)
a-/fY g aY/#A ay/ey aY/AY VO (Y-
INZINE Aa N/ aY/AA -/0A VO N
YYIYY < IYY AYIAY q/vY AQJY Yoo
FYIPY V7O Ya/A¥ INTARE AYIYA ARR
YY/fy <Aty AND - ERIARY ay/b Yoy
0a/va \IYY INPARY AAR - INTAR! foov.
Y#INY AN AV/AY INdI AY/OF fef.
100
a0 1
20
70 i
3 60
y 90 ;
R L E
3 30 : = ugas)
] — o~ el
10
i ;
= =] _— = = = T T o = =
= = = = 2 =2 = & = = =
- =2l — Py — S - e = — P
= - ® 2 2 3 3 B B B =B
e e i

il (sl 9058 5 ooz Y93 b Jao (sl hisel g (e sl gl Ll 10 285 Jlages Y JSC

IR
Jol e &Y

3 55,0 sla ool e

10 ples ¥
e Y

o

Sihe gla ssls

g lo—e sloa 5l 5 WO
o as jl s Lo S
a=lge
9l (gls 3l s DS
e w> jo L5
A=lge
gloo gloa 3l 5 W5

RO T PP Syt
aglgo lme

Ol 4 Y53 b e a5 A Jdo (Syjslongs s lo Y USS

5 U390 «y903] 09,5 dw 4 b osls addllas ol jo

Oaod Ay B0l e Bolal O jgods  oriw liel]
sisel b wiges SBl sl ool Jlaml o
bl slp ¥ sz Gb -oadls 09y o33l 9
ol Lzl higel g gep! SISV caliBee YL

Y

Jolis (6099,9 Y jo Jow 4 (639,5 slrosls ¥ S
580 Jog )9 dxgi codds S po god 5L slaesls
e (295 Y 50 (eizmes 5 2Bl 0 (s 500 laosls
oolainl b LS g lao calitee slo (WIS sunails

ol oaplice BB (504,9 slaools -yl


http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

SN 53 ogoil g sl s gl F g

05051 CB3 s yd So3ge] CBd duoys 1,55 0y lous
SRVARY V/FY \
AATARS av/vy Y
aY/OA av/xy Y
Av/FY AY/F) ¥
av/vy afNyY N
/% AN $
UYY av/ve Y
av/¥s vy - A
/68 AF/AY .
ay/fy aY/AY ).
AYNY a¥)- 5 i Silso

Lo o3> dan (s (33688 o) (S5 e ol O Jgin

(ol (St iy, o 33) (S S, NS

" - \ 03glS  ylo
a AY \ 6,3], u.;){S
Y AY N Y S
a¥ v v (oudbais Ll consy 1)

g S 13 o Cand (410 50 09,5 10 (5 louid Az g
e 5o L el slaagzlye 1 51 Jol> b
u,..,bsl ceb YU Lglb)").? 5o L slo ol Sod 5
> 4 Cad oals Sy ged 5L alasde L
lao plgs ‘\e—?‘sf Sl s iz o2 5 05d 0 dins)
s 85 o 31 (S sanlss slosially LS s
S AYL polie glao b agarlge jlme a9 SYL slosl 5
i Ma b8 55T (5530 ol 2 ol oo LS loma o
4o é‘}.} Jo3eyeS Qlﬁ.o aJlas Q.ll 4o aalb aily
i bo)S g lao agzlse e o>y 9 5L lojls
9837 Bl Ja s Olpmss 4galge slreas Sl S

ROWRY S g astin X,

agrles oons aib Jae @l Gus U aslllas oyl

Wz 9y (o 4Sed p e Lo g oo Jis
9.5l axg) g ks, wd |15 L) bl gleosls
35352 5035,5 5 (Bl J505095) Sasln o (5 o
o ol (29,5 Y 5 39 (e (oS3 ik b
Sl b agzloe slme x> )3 g iy (RS WO

sl se3l 5 Goigel <o 5 IS5 Ve o oS
NUERETRC

odddingy Joo 3 Slos (sl S O Jouxr b ollas
S ey e Sl osls jleg S e pluliss )
Joe ols lis  Sou ja8 )0 e le ol ol ool
g lao ol peo adds o 1) s o iy caladl
o33l pgo aib (5 osls AF Sl aS g gbay . uils L )T
g oleal 4 |y ools a5 G dads yo olaila |y ools
Joe 5 SO LIS ol ools aseis pgw il
pgo aid ;o oloilay |y ools a5 cosls A% 31 ouls &l
sl 00l yaseis

4255 005 uSile aS olo LSz Ll dslllas ol o
(SPLI5+WBGT34) cll> g0 10 (5,00 5 (6l
SialS anw) el 4 caws (SPLIS+WBGT29)
ol Bl zals ol g conl ansls glaka>dle 15
a5l i syl j0 (P> +/40) wib e loline
425 b8 g ugaine Dlpis oS g lao b agzlge jlxe
alge jlre o oL yieS slasly o Ll il azgi yo
sdal 92y 4y azgi ;0 (65568 Dl LoyS 5 lao L
3 Golid ag Ol a8 ol lis mls ol
Gl s 0505 VOY o3lail a5 U5 &y cas o 50
) TS| SR VSO FUH JUUES JL ¢ DO L Sl | ESR

¥



http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

b g o b (ot agalye (gon il Joo il

o L agzrlse ;5 S35l025085,58 5 S50 5 ( SSLD
At sl S i $lr Jed JB Conles
6)5“9")"591’L‘*’ 599,59 LgLawo‘o}‘ ooLb.’;.wngLo)fg‘M
dg Joho (Sjgln g8 LS lo 0Bl oo (S59)2 599,90 9
2910 Jola¥ joas ol a¥e0 gl ks axdllas (ol 4o
Ve olawi 0 aaVSG asls gl il (5,95 Vo pgo Ay
FoS g9 oo b 4¥es aSl o aS Jb o al
TAEY Conlas 9727 Lo,a Jow Cdo Y o 40
sy Y SS yoges ddlal b Lo & el Sepla oy
Joe 8o asl sl il Ve g VO 4 Y llagyg,s
Ol b o), 5 Uzair aslllas (0F) sl )33l 50
ras el LI ol oy 556w
o 30 oleny by sl mals sls les
5)J1&Alg|)o—‘éh\m50)‘o4i¢.$dd69)ﬁ
Joe g oolys azo Cdlas oyl s axdllae ol slo asdl
Ol 53 3o L)5 ey Y sz g sy omae 4SS
sosls loslainl e 3 glaw calitrs sla (WIS s

il (o0 ($39)9 599,95 9 S39) 3 d9%als (6999

Joe sy (oo 15 @ ol Cews @ gl @ 4z L
e (6l il se Y iz g (omas 4K
it Gla M (e pasuiie oz ey 5 o2 ,55])
5 S50l 595l slo g 5l eolaiwl L LS 4 oo
0l Jaw .o .5 1,8 eolazls g0 of 8l (556095895
5,1 sl Sl 5l S (lgreds ilg o anllas oy
s She b cwlie Jsd 5 )5 slalaswe >
3925 (| b ogd oolaiwl ol 8l g ,L8, 5 bl o Slae
Clisee cI VY g dolej] ol Lol b gl andllae oy
0 heoSS Slalllas 8429 45" (5 59k 0 el 0y )b
®8lg g gl oyl 1 g 09 Joke 1yl sy el wilgs
sgnaS udo & anlllae ol 108 Bl |, IS Lo 5
i oy gl s (gl yiio oz 25 (S
sl colainl b Jaw 25,5 j0 ol,8l o5 lil o Slas
Oeed 4395 pdy Sl o (689,90 )5 gl calize
emas a0 5l ST oldlas 10 00,5 e dlgiias jshate
Jelse b agzlon jo ol 3l a3lis o Slae s im0
o9 ooliiaal (K328 5105

10

adlas ;o 09 onaidb 4lp LS g s @l
H5 50 Jawe o sl ools (] )Ken 4 Yangquan Xie
adlas jo (BY) 05 Sujelenid sl ools 5 Jwd
o oolaiwl ax g5 sl cols 31 ] e ¢ Ting-Yu Kuo
5 Si Thu Aung . San g 00l; 3L dslllas yiz o2 g
oolatwl Jaw (69955 Sl Gy slo ools I Ko
05,8500 51 ) Ko g (g0l e anlllas 1o.(OY,0Y) o
9 Olem WY L gladsg) 0% uVoisr oas 40D
b oolital (olo S cn il (it lr 99 O
boo sloolaiul by lis cwas a0y 168 s
2 NS0 e 58S 90 plusss 5 S lse
5 Jow dig Cl Lol cals oolatnl cac 4l £45 000l
5o -0ldl 5last 9,6 YO L les Vg0 jo cds oy i
il sl Jow 5l o], g Siddhartha Roy axlas
R R L i Ly s
s O Oee sl WBGT o 51>
Jaw ol lis dslllas ol ol oolatul w6
(V) wl m Giem /2 (R) Sion o b
Syl 0 Gl Eaas omas a5l eolatul pl Lo
b g o2 o5 Sl LI (o9, (2o )8 55 (G i
¢ Andrew Francl aallas gl .oil oo yol> asllas
Ailsjsa E5ean soac glaasil as ols las o, Se
&S T ably slss yo lawe SThyol slacysgame
3o ools gunaib & axg b ol asllas ,o (YY)
osls Hud gandab gwy Jis! (WS aw
2l Azl og a0 TY Loyl (owild © 900,
Gl dab Cds gun add maw 9o 3l solaul pKe
il ey Jlasl il e 700 bools wils
Jae cds.ail oo Jgu8 0 90 ardllas ol js ol gu
5 oo calizee ol s gan WS (gl cudsasl,l ago
Do do,d Y Jolre aslllas pl jo WS aw o LS
sl Joo 2Ll 5 b line (omye addllas
0398l Sl 5l Al g (o G s 4ib
Jawe ols Hlas 58S o ple gl ol eolaiul
5999 Slaosls Slyuass a5 (6910 sl oA,;'bdjl)l
olad |y yieS U e g yidos S8 e 099 0L
OlF e Jae yo s ol oo LYo 5l pizen 0lo


http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

asS o 7,0 wadoly jemme sl 4y 1A sl o e
i dlas plo b Slels 5 mlio cpglas o &l poss
ouilzuiS ez cpl jo Wb dllae (pl o &db plxil
G0 JBl 4y dllae jleel glowly jo aSo) Ko gl

1953 dllas (40,58 7,0 Ojge ;o bl culs asin
Bl ,0 4 pile s gd YU jemme 5l 518 olall L g

Sl G ezl 31 (6,ls pasud 3> jexe

Creative IJlipo e samlive | glaiea
ax>l,e 5 Slas 4 Commons Attribution 4.0

:09.&
http://creativecommons.org/licenses/by/4.0

REFRENCES

1. McBride D, Bowens A, Zhang Z-1, Purdy S, Niland P.
Assessment of occupational noise-induced hearing loss
for ACC: A practical guide for otolaryngologists. 2019.

2. Rezaei-Hachesu V, Naderyan Fe'li S, Hokmabadi R,
Kazemi M, Golbabaei F. Impact of Heat Stress on Renal
Function: A Systematic Literature Review Focusing on
Workplace Heat. Journal of Occupational Health and
Epidemiology. 2022;11(2):157-70.

3. Jafari MJ, Khosrowabadi R, Khodakarim S, Khodagholi
F, Mohammadian F The effects of combined exposure
to noise and heat on human salivary cortisol and blood
pressure. International Journal of Occupational Safety
and Ergonomics. 2021;27(3):831-9.

4. Jafari M]J, Khosrowabadi R, Khodakarim S,
Mohammadian F. The effect of noise exposure on
cognitive performance and brain activity patterns.
Open access Macedonian journal of medical sciences.
2019;7(17):2924.

5. Borisov V, Leemann T, Sefller K, Haug J, Pawelczyk M,
Kasneci G. Deep neural networks and tabular data: A
survey. IEEE Transactions on Neural Networks and
Learning Systems. 2022.

6. Patel D, Jha K. Neural network model for the prediction
of safe work behavior in construction projects.
Journal of construction engineering and management.
2015;141(1):04014066.

7. Roy S, Mishra DP, Bhattacharjee R, Agrawal H. Effect
of Heat Stress and Development of WBGT Based Heat
Stress Prediction Models for Underground Coal Miners
Using Random Forest Algorithm and Artificial Neural
Network. Available at SSRN 3994163. 2021.

8. Uzair M, Jamil N, editors. Effects of hidden layers on
the efficiency of neural networks. 2020 IEEE 23rd
international multitopic conference (INMIC); 2020:
IEEE.

9. Chein TW, Wang WC, Castillo RV, SU SB. A graphical

ul)lfw.m 9 s{lfé (e

&8l )l
8,05 0929 B dian g awg @ilie o lai digSonn

S0y g Sl
ISl 5 Jels Joy i () Sty
S5yl 5 e wed (Kip esle oS
W05 (gob asdlas cpl pll o 1) LoasT SBaS
b e ol ol lo 1) Jloyad o Sis colys
Sy pele olRidls jo FY-IYAS o )le L Slados

el 0030 5 Sl i g

S colos>

Zisls VYAR-PY o)l zyb 5l adllae opl gl
oiils rpl g o 5zl sl Slivn sl (Sl pole
Ol RKagh LSl o) Gimgh cpl ki 0,00 Jlo mlio
ol 18

e ol
Aldbgls 3 @bl cols, L Bass oS,
< b ools ‘_;du)m il 03 g0 uf)..» dx]llas u." I
B a5 0ym 3 Jolye plas 3 o gl
GBS dydy Azl g b oosly o alBlas pac 28 S

el 0dgy ub”-\-‘-‘*’y 4.‘>9.' 3,90 wl.w

Ry
IR.SBMU.PHNS.\Ya%,5Y

OB S i S 5 Lieo

5 S5lon ol (gaezme 39,18 9 (5 hax ol dezs
5 Obdess (33,18 (yioren (il ools ploxl axlllas > )b
sz il oals ploxl |y e ools (6 59) xax SIS iiome
Szl Bl g o ools LT jo oMb e g SIS
S g emmede e il ooged &S lie dllie 0yl
Codlad oSSl g ()8 lie (e (2905 )0 j 500
L dJlis ‘5th§4| Oy s 3l g Sl asls
3131 o yiawd

cos dlie (pl 120240 ()osiws s oly oS

Creative Commons Attribution 4.0 _UJl 0 595xe
b 555 5 @55 (bl s, I8 S il oslizul 851
s red 389 8555 7,0 p by i (JBL Al e 00
&3y 2 Gzl Dlpss S8 4 by LC om0 4y

\#



http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

b g o b (ot agalye (gon il Joo il

22. Choi Y, Kim M, Chun C. Measurement of occupants’
stress based on electroencephalograms (EEG) in twelve
combined environments. Building and Environment.
2015;88:65-72.

23. Prieto A, Prieto B, Ortigosa EM, Ros E, Pelayo E
Ortega J, et al. Neural networks: An overview of early
research, current frameworks and new challenges.
Neurocomputing. 2016;214:242-68.

24. Ahmed M, AlQadhi S, Mallick J, Kahla NB, Le HA, Singh
CK, et al. Artificial neural networks for sustainable
development of the construction industry. Sustainability.
2022;14(22):14738.

25. Kohzadi N, Boyd MS, Kaastra I, Kermanshahi BS, Scuse
D. Neural networks for forecasting: an introduction.
Canadian Journal of Agricultural Economics/Revue
canadienne d’agroeconomie. 1995;43(3):463-74.

26. Vellido A, Lisboa PJ, Vaughan J. Neural networks in
business: a survey of applications (1992-1998). Expert
Systems with applications. 1999;17(1):51-70.

27. Isaacson M, Premasiri S, Yang G. Wave interactions
with vertical slotted barrier. Journal of waterway, port,
coastal, and ocean engineering. 1998;124(3):118-26.

28. Alavi AH, Gandomi AH. Prediction of principal ground-
motion parameters using a hybrid method coupling
artificial neural networks and simulated annealing.
Computers & Structures. 2011;89(23-24):2176-94.

29. Haykin S. Neural networks: a comprehensive foundation
prentice-hall upper saddle river. NJ MATH Google
Scholar. 1999:43.

30. Shahiri AM, Husain WJPCS. A review on predicting
student’s performance using data mining techniques.
2015;72:414-22.

31. Aliabadi M, Farhadian M, Jalali M, Jahangiri M, Negahban
AR. A new empirical approach for predicting heat strain
in workers exposed to hot indoor environments. Indoor
and Built Environment. 2018;27(5):597-605.

32. Francl A, McDermott JH. Deep neural network models
of sound localization reveal how perception is adapted
to real-world environments. Nature human behaviour.
2022;6(1):111-33.

33. Epstein Y, Moran DS. Thermal comfort and the heat
stress indices. Industrial health. 2006;44(3):388-98.

34. Dehghan H, Mortazavi SB, Jafari MJ, Maracy MR.
Evaluation of wet bulb globe temperature index for
estimation of heat strain in hot/humid conditions in the
Persian Gulf. Journal of research in medical sciences:
the official journal of Isfahan University of Medical
Sciences. 2012;17(12):1108.

36. Schulte P, Bhattacharya A, Butler C, Chun H, Jacklitsch B,
Jacobs T, et al. Advancing the framework for considering
the effects of climate change on worker safety and health.

Journal of occupational and environmental hygiene.

v

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

health report constructed as a KIDMAP using Rasch
analysis of IRT model. 2012.

Tajic R, Ghadami A. The effects of Noise Pollution and
Hearing of metal Workers in Arak. Zahedan Journal of
Research in Medical Sciences. 2008;10(4).
Alimohammadi I, Kanrash FA, Gerdefaramarzi RS,
Nouri N. Investigation continuous noise exposure
and occupational performance of the workers in the
pharmaceutical industry: A Case Study in an Ampoule
and Vial Production Industry. Occupational Medicine.
2019.

Melesse A, Maak S, Schmidt R, Von Lengerken G. Effect
of long-term heat stress on key enzyme activities and
T3 levels in commercial layer hens. Int J Livest Prod.
2011;2(7):107-16.

Jalil M, Sani M, Dor Z, Yahya M, Mohideen Batcha M,
Hasnan K, editors. Heat stress investigation on laundry
workers. International Conference on Ergonomics;
2007.

Wang X, Li D, Menassa CC, Kamat VR. Investigating
the effect of indoor thermal environment on occupants’
mental workload and task performance using
electroencephalogram. Building and Environment.
2019;158:120-32.

Fan Y, Liang ], Cao X, Pang L, Zhang J]. Effects of
noise exposure and mental workload on physiological
responses during task execution. International Journal
of Environmental Research and Public Health.
2022;19(19):12434.

Chao P-C, Juang Y-J, Chen C-J, Dai Y-T, Yeh C-Y, Hu
C-Y. Combined effects of noise, vibration, and low
temperature on the physiological parameters of labor
employees. The Kaohsiung journal of medical sciences.
2013;29(10):560-7.

Chen C-J, Dai Y-T, Sun Y-M, Lin Y-C, Juang Y-J.
Evaluation of auditory fatigue in combined noise,
heat and workload exposure. Industrial Health.
2007;45(4):527-34.

Bigert C, Bluhm G, Theorell T. Saliva cortisol-a new
approach in noise research to study stress effects.
International journal of hygiene and environmental
health. 2005;208(3):227-30.

Smyth JM, Ockenfels MC, Gorin AA, Catley D, Porter
LS, Kirschbaum C, et al. Individual differences in the
diurnal cycle of cortisol. Psychoneuroendocrinology.
1997;22(2):89-105.

Ising H, Ising M. Chronic cortisol increases in the first
half of the night caused by road traffic noise. Noise and
Health. 2002;4(16):13.

Levine A, Zagoory-Sharon O, Feldman R, Lewis JG,
Weller A. Measuring cortisol in human psychobiological
studies. Physiology & behavior. 2007;90(1):43-53.


http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-12 ]

[ DOI: 10.66224/i0h.21.1.259 ]

47.

48.

49.

50.

51.

52.

53.

54.

TJIP. Reliability, validity and factor structure of the
GHQ-28 used among elderly Iranians. International
Psychogeriatrics. 2007;19(4):623-34.

Alimohammadi I, Nassiri P, Azkhosh M, Sabet M,
Hosseini MJPR. Reliability and validity of the Persian
translation of the Weinstein Noise Sensitivity Scale.
Psychological Research. 2006;9(1-2):74-87.
Hart SG, Staveland LE. Development of NASA-TLX (Task
Load Index): Results of empirical and theoretical research.
Advances in psychology. 52: Elsevier; 1988. p. 139-83.
Ghorbani M, editor Personal and observational methods
to assess the workload on the assembly line of an auto
industry. Proceeding of the 8th National Conferences on
Safety and Health Working Sari, Iran; 2013.
Mohammadi M, Mazloumi A, Zeraati HJJoSoPH,
Research IoPH. Designing questionnaire of assessing
mental workload and determine its validity and
reliability among ICUs nurses in one of the TUMS’s
hospitals. 2013;11(2):87-96.

Xie Y, Murphey YL, Kochhar DS. Personalized driver
workload estimation using deep neural network
learning from physiological and vehicle signals. IEEE
Transactions on Intelligent Vehicles. 2019;5(3):439-48.
Bagherzadeh S, Maghooli K, Shalbaf A, Maghsoudi A.
Emotion recognition using effective connectivity and pre-
trained convolutional neural networks in EEG signals.
Cognitive Neurodynamics. 2022;16(5):1087-106.

Aung ST, Hassan M, Brady M, Mannan ZI, Azam S,
Karim A, et al. Entropy-based emotion recognition
from multichannel EEG signals using artificial neural
network. Computational Intelligence and Neuroscience.
2022;2022.

Bishop CM, Nasrabadi NM. Pattern recognition and

machine learning: Springer; 2006.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

ul)lfw.m 9 s{lfé (e

2016;13(11):847-65.

JENAABADI H, GHAVIDEL M. Comparative
examination of attention and answer control rate in two
groups of people with attention-deficit hyperactivity
disorder and cognitive disorder. journal of cognitive
strategies in learning.5(9):1-11.

Yekta MS. Efficacy of Neurofeedback on Behavioral
Inhibition and Impulsivity in Students with ADHD.
Sohlberg MM, Mateer CA. Effectiveness of an attention-
training program. Journal of clinical and experimental
neuropsychology. 1987;9(2):117-30.

Koh DS-Q, Koh GC-H. The use of salivary biomarkers in
occupationaland environmental medicine. Occupational
and environmental medicine. 2007;64(3):202-10.

Clements AD, Parker CRJP. The relationship between
salivary cortisol concentrations in frozen versus mailed
samples. Psychoneuroendocrinology. 1998;23(6):613-6.

Kaufman E, Lamster IB. The diagnostic applications
of saliva—a review. Critical Reviews in oral biology &
medicine. 2002;13(2):197-212.

Pouryaghoub G, Mehrdad R, Valipouri A. Effect of
acute noise exposure on salivary cortisol: a randomized
controlled trial. Acta Medica Iranica. 2016:657-61.
Hamer M, O’Donnell K, Lahiri A, Steptoe A. Salivary
cortisol responses to mental stress are associated with
coronary artery calcification in healthy men and women.
European heart journal. 2010;31(4):424-9.

Wirtz PH, Elsenbruch S, Emini L, Rudisuli K,
Groessbauer S, Ehlert U. Perfectionism and the cortisol
response to psychosocial stress in men. Psychosomatic
medicine. 2007;69(3):249-55.

Reza T. Normalization of General Health Questionnaire
(GHQ) on Shiraz University Students. 2005.
Malakouti SK, Fatollahi P, Mirabzadeh A, Zandi

VA



http://dx.doi.org/10.66224/ioh.21.1.259
https://ioh.iums.ac.ir/article-1-3549-en.html
http://www.tcpdf.org

