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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

Number of Accuracy percentage o
Mean square error sensitivity
neurons - - Y
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,
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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.
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