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Abstract

The emergence of the Fourth Industrial Revolution (Industry 4.0) and its
tremendous impact on industries and production systems have introduced new
challenges in the field of quality management. These technological
advancements compel quality specialists to revise the traditional methods of
quality management. Quality 4.0 represents an updated version of the traditional
quality management that seeks to improve traditional quality control methods
using digital tools of Industry 4.0. Design of experiment is also an important
tool In the statistical data analysis in the quality management area. This research
attempts to provide customer satisfaction focusing on developing the quality 4
in the context of Fourth Industrial Revolution. Therefore, developing tools that
can effectively respond to the diverse demands and needs of customers seems to
be a key factor for industries seeking to strengthen their economic position,
reduce vulnerability to external factors and enhance organizational
sustainability. This paper, firstly, focuses on the design of experiment field and
describes the existing opportunities and challenges. Then, after introducing the
pillars of the Fourth Industrial Revolution, the study outlines the concept of
Quality 4.0 along with its structure and requirements. Additionally, it presents a
method for designing experiments within the Quality 4.0 environment and
explains its algorithm step by step. Overall, this research introduces a
systematic approach for identifying and extracting the key parameters required
for the design of experiment. It introduces a model for design of experiment
within the Industry 4.0 environment. The research method is based on the
review of published literature, in which the methodologies of the references are
validated using relevant case studies. This research is organized in three main
components: 1) Identifying Industry 4.0 requirements; 2) Extracting key
parameters for designing experiments focused on product development and
customer satisfaction; and 3) Implementing the design of experiments in the
context of the Fourth Industrial Revolution.
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1.Introduction

The design of experiments is a quantitative tool, a subset of quality,
which is used for the statistical optimization of system performance,
which is used to manage the value of the input variables to reach the
optimal values of the test sample and the goals of the tests. The Fourth
Industrial Revolution has led to fundamental changes in production
methods and the emergence of new tools and concepts such as the
Internet of Things, smart products, smart factories and cyber security.
The industrial revolution rests on two basic pillars of flexibility: one
involves adapting to extensive economic and social changes through
decentralization and organizational flexibility, and the other involves
responding to technological pressures in industry, such as the emergence
of smart phones and 3D printers. Quality 4. is a developed approach that
is a combination of traditional quality methods with new technologies.
Relying on artificial intelligence, Quality 4.0 seeks to respond the diverse
needs of industries undergoing fundamental changes with the emergence
of the Fourth Industrial Revolution. Hence, this research aims to propose
an effective model grounded in the literature and informed by Design of
experiments, with the aim of: 1) keeping pace with the developments of
the Fourth Industrial Revolution; and 2) enabling product design based
on customer experiences to increase customer satisfaction.

2. Literature Review

Fractional factorial designs, Taguchi design of experiments,
composite central design, Box-Benken design, robust parameter designs,
computer-aided designs, design of experiments using response surface
methodology (Winer, 1962; Paulo Davim, 2012; Antony et al., 2006) are
among the most important methods of designing experiments. The
modular, smart-factory model of the Fourth Industrial Revolution-built
on cyber-physical systems that monitor physical processes-creates a
virtual representation of the physical world that enables decentralized
decision-making. The requirements of the Fourth Industrial Revolution,
derived from the research of Ustundag and Cevikcan (2018) on the
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Internet of Things, cyber-physical system, robotic developments, the role
of augmented reality, and the roadmap of technology and intelligent
development, are introduced as the defining characteristics of this new
industrial era. Quality 4 can be considered as the improved approach of
the previous quality models, emerging in parallel with the technological
advancements of the Fourth Industrial Revolution. Targeting the
satisfaction of customers and continuous improvement, it has a direct
relationship with lean production and 6 sigma and comprehensive quality
management (Chiarini & Kumar, 2021). The need to advance toward
Quality 4. Has been driven by the Fourth Industrial Revolution, the
emergence of new digital concepts and the ineffectiveness of the
traditional management approaches in addressing these needs. Previous
studies, including those by Hong et al. (2022), Al-Zahrani et al. (2021)
and Nikolajan et al. (2019), consider the basic components of Quality 4.0
as a requirement for the successful implementation within the context if
Industry 4.0.

3. Methodology

The main goal of this research is to develop an accurate algorithm
capable of determining product designs according to the experiences and
desires of customers. Quality 4.0 serves as a powerful tool that can keep
up with the developments of the Fourth Industrial Revolution. It achieves
this, on the one hand, by monitoring the production process, and on the
other hand, by connecting to the marketing process and feedback to
customers' needs, to ensure customer satisfaction and achievement of
production goals and of stakeholders’ objectives. The key requirements
of Quality Management 4.0 can be summarized as follows: identifying
the primary stakeholders, defining strategic business goals, assessing
available resources, analyzing competitors, recognizing key drivers such
as customer satisfaction. Additionally, the architecture of the Fourth
Industrial Revolution and its implementation within business planning
necessitate attention to elements such as big data, cyber-physical
systems, Internet of Things service, digitalization, and artificial
intelligence. The increasing intensity of data flows and the size of the
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analyzed data set require a review of the traditional methods of designing
experiments in the context of Industry 4.0.

In this research, a new seventy- step experimental design method
tailored to the requirements of the Fourth Industrial Revolution is
proposed. The key stages include: understanding the requirements of
Industry 4.0; making a list of iterative optimization and artificial
intelligence methods; combining one optimization method with an
artificial intelligence method (according to the characteristics of the
process); matching the Industry 4.0 architecture with the selected case
study; defining the purpose of the research (design of experiments); and
determining the most effective tools for recording data in Quality
Management 4.0. The procedure further involves understanding the
process, specifying the factors, determining the levels of the
factors/response variables, establishing the relationship among Quality
4.0 tools through artificial intelligence. Additional steps include
developing a predictive model, finding machine parameters, ranking and
training data using artificial intelligence, applying different machine
learning models to predict part quality, utilizing inspection methods for
components of complex 3D designs, and selecting and specifying high-
tech equipment. To achieve the objectives above, this method was
employed to convert the classification result of the factor levels into a
continuous model, specify the experimental design method, and compare
the results with the design goals. This experiment-based method is
structured into five stages: 1) defining the problem, 2) identifying factors
and response variables, 3) designing experimental tests, 4) conducting the
experiments, and 5) analyzing and interpreting the results.

4. Result

In this research, by examining traditional methods of production and
aligning them with digitalization, technological integration, and
globalization, striving to get a major share of the market, we defined the
Fourth Industrial Revolution and its requirements in various industries.
The study showed that, just as traditional quality management has been a
suitable tool to strengthen traditional production, Quality 4.0 also plays
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this role in the context of Industry 4.0. In order to establish it, we need to
implement quality components and dimensions. The experimental design
methods with the approach of customer satisfaction within the Fourth
Industrial Revolution, demonstrate clear advantages over traditional
customer satisfaction tests. This approach is evaluated based on
parameters such as flexibility, distance between the designer and
customers, the level of customer satisfaction, the possibility of
involvement in the design process, the speed of design, the quality level
of risk management, reliability, and the final price of the product.
Compared to the traditional design and testing methods, this approach not
only enhances these parameters but also increases the capability and
competitiveness of industries in today's challenging world.

5. Discussion
In fact, this research is based on four principles:

1. Developing a model for experimental design in the Fourth Industrial
Revolution as a robust statistical and quantitative quality analysis tool
that effectively reduces costs and increases the efficiency of intelligent
industry.

2. Providing optimal indicators for experimenters in order to select the most
suitable method among the various methods of designing experiments.

3. Offering a suitable algorithm to find the optimal criterion of customer
satisfaction.

4. Using experimental design as a quantitative tool to determine factors
which increase customer satisfaction in the context of Industry 4.0 as a
vital element for the sustainability of industries in today’s challenging
competitive market.

Conflict of interests: none
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Table2: Examining the framework and requirements of the 4th industrial

revolution (Stundag and Kuican, 2018)
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Fig.5 : The proposed model according to the emergence of new concepts in the 4th
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Table 5 : The evolution of quality and its scope and performance (Timoty,2022)
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opportunities of the fourth industrial revolution for improvement and
implementation in the business plan (smart factory).
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al., 2017)
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Fig.11 : The top figure is an example of perceived product value for three levels of

the user's product aesthetics factor. The bottom figure shows the whole situation
(products) clustered by the K-means and Ward method (Lin et al., 2017).
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