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Abstract: This research aims to investigate the role of Industry 4.0 in the quality of
products and services provided in the country's home appliance industry. In order to
conduct the present research, nine achievements of Industry 4.0 in the quality of
products and services provided were identified using research literature. The statistical
population of this research is the experts of the home appliances industry of the
country, 72 of them were selected by purposive sampling method. The fuzzy cognitive
map investigated the current status of each of the identified achievements. By
designing a backward scenario, this research has shown what achievements should be
improved to reduce waste and production costs. Also, this research, by compiling and
designing a forward scenario, seeks to find out what achievements will be made in
order to improve the quality of products and services in the country's home appliance
industry due to the costs of waste and production reduced.

Keywords: Quality, Fourth Industrial Revolution, Industry 4.0
Introduction

Today, quality is considered as a vital factor in business success due to
guaranteeing the reliability of products and services provided to customers in
accordance with their expectations and needs [8]. During the past years, in
order to improve quality, various concepts and models, including six sigma
[5], quality control [16], comprehensive quality management [25], etc., have
been presented and investigated. Although different quality models have
played a very important role in its improvement [3], many companies and
industries are still facing many challenges and problems in providing quality
products and services to customers [30]. Industry 4.0 is defined as the
application of computing and information technologies to increase the
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connection of different parts of the industry, which enables the integration
between the elements of the entire supply chain, i.e. machines, workers,
suppliers and final customers. Industry 4.0 is trying to build intelligent
systems by integrating physical objects with digital technologies, including
the Internet of Things [13], cyber physical system [1], virtual reality [20] and...
Today, in order to remain in the field of competition and surpass the
competitors, various industries seek to improve the quality of products and
services provided to customers in accordance with their expectations and
needs in the shortest possible time. One of these industries in the country is
the home appliances industry, which in recent years, due to the amount of
arrival of home appliances with various brands and the great desire of the
sellers to buy brands made by foreign countries, such as LG, Bosch, etc. has
faced many problems to stay in the cycle of competition. For this purpose,
improving the quality of products and services provided by the country's
hardware industry can be considered as a competitive advantage and
surpassing the competitors. On the other hand, by reviewing the literature and
background related to quality and industry 4.0, only the impact of industry 4.0
in improving quality has been mentioned and how its role in improving the
quality of products and services provided has not been investigated;
Therefore, the purpose of this research is to investigate and present scenarios
in order to understand the role of industry 4.0 in improving the quality of
products and services provided to customers in the country's home appliance
industry. By reviewing the literature and background related to Industry 4.0
and quality, the achievements of Industry 4.0 affecting the quality of products
and services are shown in Table 1.

Table 1. Industry 4.0 achievements affecting the quality of products and services.
Industry 4.0

achievements
affectl'ng the Description References
quality of
products and
services
Demand Various companies and industries can collect past

forecasting (F1)  |information related to customer demand and store it in a
cloud system (where data cannot be deleted) and identify the

drivers that affect customer demand, using Machine learning 26,27, 18]
and artificial intelligence tools provide accurate models for
predicting customer demand in the future.
Information Different companies and industries can use sensors,
Transparency machines, cyber-physical systems, etc. to collect
(F2) information related to different parts of the supply chain and [11, 17]

use the Internet of Things and Connect their wireless
networks to information systems and make them available
to all stakeholders.

Non-Manipulation
of Information
(F3)

Various companies and industries can eliminate the
possibility of deleting or not manipulating information by [22]
using Industry 4.0 technologies such as blockchain.
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Table 1. Industry 4.0 achievements affecting the quality of products and services.
Industry 4.0
achievements
affectl.ng the Description References
quality of
products and
services
Production Various companies and industries can make automation
Delivery Time possible and simplify by using Industry 4.0 technologies
Reduction such as the Internet of Things, artificial intelligence and
(F4) robotics, real-time monitoring, predictive maintenance| [6, 12]
through early detection of any problems and preventing
breakdowns. Help the production process and reduce the
time of doing the work.
Production cycle |Various companies and industries can analyze production
time Reduction data by providing optimization strategies and artificial [4, 28]
(F5) intelligence algorithms and reduce the cycle time of product ’
production by automating repetitive tasks through robots.
Flexibility and Various companies and industries can increase production
Compatibility speed by using automatic robots, artificial intelligence 9. 19]
(Fo6) algorithms and IoT sensors and deliver products that meet ’
customer expectations.
Traceability of Various companies and industries can use Industry 4.0
Raw Materials and |technologies such as [oT sensors and RFID tags to provide
Products real-time observation of the movement and location of] [10, 14]
(F7) materials, better inventory management and optimization of] ’
the supply chain and tracking of raw materials and products
during the production process. .
Reducing Human |Various companies and industries can use Industry 4.0
Error in the technologies and automate repetitive processes using robots
Production Process [to eliminate human error in the production and service
(F8) process by automating repetitive tasks and providing real-| [8, 24]
time feedback and warnings to operators. Reduce human
errors in the production process through artificial
intelligence predictive algorithms.
Reducing Waste | Various companies and industries can identify potential
and Production failures of tools and equipment before they occur by using
Costs Internet of Things sensors and cyber-physical systems and
(F9) help reduce repair costs. It is also possible to automate and [29,23]
intelligently reduce errors by using robots and artificial ’
intelligence algorithms in quality control processes and
reduce the amount of waste production and the resulting
costs.
Methods

The current research is practical in terms of its purpose because it seeks to
solve one of the practical problems in the home appliance industry. Also, the
current research is descriptive-causal in terms of its nature and method, and
survey in terms of the type and method of data collection. At first, by studying
and reviewing the research literature in this field, the most important
achievements of Industry 4.0 affecting quality were identified. In the
continuation of the research and using the opinions of 7 academic experts, the
identified achievements were confirmed and localized. These 7 university
experts were university professors who had a history of various researches in
the field of quality and industry 4.0. By identifying the effective achievements
of Industry 4.0, a questionnaire of 9 questions was designed, in which
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managers, supervisors and employees familiar with the issues of quality and
Industry 4.0 were asked to state the current status of each of the achievements
of Industry 4.0 in the appliance industry. identify the household through a 5-
point Likert scale. The statistical population of this research is the managers,
assistants and employees of the home appliance industry, 72 of whom were
selected in a targeted way.

In the following, by using fuzzy cognitive mapping technique, a connection
map was drawn between the achievements of Industry 4.0 affecting the quality
in Industry 4.0 in the home appliances industry of the country. Fuzzy cognitive
mapping technique was first introduced by Kesco (1986) [15]. The pairwise
comparison matrix of this research was obtained based on the model of
Rodriguez et al. (2007) [21] and then the output of the pairwise comparison
matrix was entered into the FCMAPPER software. Next, based on the output
obtained from the FCMAPPER software, a phase recognition map was
designed, which showed the relationship between the achievements of
industry 4.0, by the PAJEK software. Finally, in order to design the scenario,
the target variable was selected. The target variable in this research was
selected as the factor with the highest degree of centrality. Then, for the
selected agent, two scenarios were formed, in the form of a backward scenario
and a forward scenario [7]. The backward scenario seeks to find the origin of
changes for a specific Industry 4.0 achievement. In other words, in the
backward scenario, a sequence of operations is formed in which the researcher
is shown how to improve a specific achievement. The forward scenario shows
what sequence of achievements in the system can be improved if an Industry
4.0 achievement is improved. In this research, forward and backward
scenarios have been designed for the achievement with the highest degree of
centrality.

Results

Based on the output of the FCMAPPER software and entering it into the
PAJEK software, the fuzzy cognitive map of the research has been drawn as
Figure 1.

Figure 1. Fuzzy cognitive map of Industry 4.0 achievements in the quality of
home appliance products and services in the country
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According to the findings of this study, the achievement of "reduction of waste
and production costs" has the greatest effect on the achievement of "reduction
of product delivery time". Because the achievement of "reduction of waste
and production costs" has already existed in the scenario path, a loop is formed
and the continuation of the backward scenario path is stopped. Figure 4 shows
the path of this scenario.

Production Delivery Time Traceability of Raw Materials Reducing Waste and
Reduction and Products Production Costs

Figure 2. The path of the backward scenario for the achievement of "reduction of
waste and production costs"

According to the findings of this study, the achievement of "transparency in
information" has the greatest effect on the achievement of "reduction of waste
and production costs" and therefore, because this achievement already existed
in the scenario path, the continuation of the scenario path is stopped. The
forward scenario for the achievement of "reducing waste and production
costs" is shown in Figure 3.

}:ﬁgu;:gglm?ne Production cycle Production Delivery Tra's/le;b;rll?llsz;fnga Non-Manipulation Information
Costs time Reduction Time Reduction Products of Information Transparency

Figure 3. The path of the forward
scenario for the achievement of "

reduction of waste and production costs"

Discussion and Conclusion

The research findings in the backward scenario section show that if the home
appliance industry wants to achieve "reduction of waste and production costs",
it should trace its raw materials and products. This issue can accelerate the
way of wasting resources and cost reduction processes in different
departments and increase the quality improvement. On the other hand, in order
to improve the achievement of "tracking raw materials and products”, the
product delivery time should be reduced. In fact, if the product delivery time
is reduced, it is possible to improve the organizational processes, which
provides the possibility of opening time for better tracking of products and
services. In fact, in order to "reduce waste and production costs", there should
be a comprehensive plan to reduce product delivery time. The findings of the
research in the forward scenario section indicate that if there is an
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improvement in the "reduction of waste and production costs" factor, the
ground will be provided to reduce the production cycle time. The continuation
of the scenario in this section shows that the improvement in the reduction of
the product production cycle leads to the reduction of the product delivery
time. By reducing the product delivery time, the ground is provided for the
proper tracking of products and services, which leads to the creation of
processes that ensure the non-manipulation of information. In fact, if products
and services can be fully tracked, the possibility of information manipulation
is reduced. On the other hand, by reducing information manipulation,
information transparency is provided, which improves the entire cycle of
achievements. The findings obtained in this research have different research
clues for other researchers interested in this field.
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