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Purpose: The purpose of this publication is to present the usage of quality management 7 

methods in Quality 4.0 conditions. 8 

Design/methodology/approach: Critical literature analysis. Analysis of international literature 9 

from main databases and polish literature and legal acts connecting with researched topic.  10 

Findings: The applications of business analytics in personalized customer experiences span 11 

data collection, segmentation, predictive analytics, and multi-channel personalization, 12 

delivering greater customer satisfaction, revenue, and competitive advantage. Achieving this 13 

transformation requires the use of various software solutions, including CRM systems, 14 

marketing automation tools, analytics platforms, predictive analytics software,  15 

and recommendation engines. Harnessing the power of data and analytics is the key to gaining 16 

a competitive edge in this customer-centric era. Businesses that tailor their offerings to each 17 

customer's unique preferences and needs can not only meet but exceed customer expectations, 18 

ensuring growth and long-term success. Ultimately, personalized customer experiences, driven 19 

by business analytics, are not merely a response to customer demands; they are the path to 20 

unlocking the full potential of customer relationships and establishing a strong position in the 21 

ever-evolving marketplace. 22 

Keywords: Industry 4.0; Quality 4.0, quality management; quality methods. 23 

Category of the paper: literature review. 24 

1. Introduction 25 

Quality 4.0, also known as Industry 4.0 for Quality, is a modern approach to quality 26 

management that leverages digital technologies and data-driven methods to enhance the quality 27 

control processes in manufacturing and other industries. It is a response to the evolving 28 

technological landscape and the increasing demand for higher product quality, efficiency,  29 

and transparency. 30 
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Quality 4.0 is a concept that has gained prominence with the advent of Industry 4.0,  1 

the fourth industrial revolution characterized by the integration of cyber-physical systems,  2 

the Internet of Things (IoT), big data analytics, and artificial intelligence (AI) into various 3 

industrial processes. Quality 4.0 extends these technologies into the domain of quality 4 

management. 5 

Quality 4.0 utilizes a network of sensors and IoT devices to collect real-time data from 6 

machines and processes. These sensors provide continuous monitoring and data capture, 7 

allowing for early detection of issues. Quality 4.0 processes vast amounts of data generated by 8 

IoT devices and other sources. Advanced analytics and machine learning are used to identify 9 

patterns, anomalies, and correlations, which can help in quality prediction and optimization 10 

(Bousdekis et al., 2023). AI algorithms are employed for predictive maintenance, quality 11 

control, and fault detection. Machine learning models can analyze historical data to make real-12 

time decisions and improvements in quality processes. Quality 4.0 often employs digital twins, 13 

which are digital replicas of physical products or processes. These digital models can be used 14 

for simulation and analysis, allowing for the virtual testing and optimization of products and 15 

processes (Barsalou, 2023). 16 

Blockchain technology is utilized to create transparent and immutable records of product 17 

quality and supply chain information. This ensures traceability and trust throughout the 18 

production and distribution processes. AR and VR technologies enhance training, maintenance, 19 

and quality inspection processes. They provide immersive experiences and aid in 20 

troubleshooting and problem-solving. Collaborative robots are used to assist workers in 21 

repetitive or precise tasks, enhancing quality and productivity while ensuring worker safety 22 

(Maganga, Taifa, 2023). 23 

Quality 4.0 represents a significant shift in how quality management is approached, 24 

leveraging digital technologies to improve product quality, process efficiency, and overall 25 

competitiveness. As industries continue to embrace digital transformation, Quality 4.0 will play 26 

a pivotal role in ensuring that organizations meet the evolving demands of the global market 27 

(Antony et al., 2023). 28 

The purpose of this publication is to present the usage of quality management methods in 29 

Quality 4.0 conditions. 30 

2. The basics of quality management methods 31 

Quality management is a critical component of any organization's operations, regardless of 32 

the industry or sector. It encompasses a set of systematic approaches, principles, and methods 33 

aimed at ensuring that products or services consistently meet or exceed customer expectations. 34 
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TQM is a comprehensive approach that focuses on involving all employees in the 1 

organization to continuously improve processes, products, and services. It emphasizes customer 2 

satisfaction and the elimination of waste through methods such as Six Sigma and Lean. Six 3 

Sigma is a data-driven approach that seeks to identify and eliminate defects or variations in 4 

processes to achieve a level of quality where there are fewer than 3.4 defects per million 5 

opportunities. It employs the DMAIC (Define, Measure, Analyze, Improve, Control) 6 

methodology to achieve this. Lean principles aim to minimize waste and increase efficiency.  7 

It involves identifying and eliminating non-value-added activities, reducing lead times,  8 

and improving the flow of processes. International Organization for Standardization (ISO) 9 

standards provides a framework for quality management. ISO 9001, for example, outlines 10 

requirements for a quality management system, emphasizing customer focus, leadership,  11 

and continuous improvement. 12 

SPC uses statistical techniques to monitor and control processes. It involves the use of 13 

control charts, histograms, and other statistical tools to maintain process stability and 14 

predictability. QFD is a method used to translate customer needs and expectations into specific 15 

product or service features. It helps in aligning design and production processes with customer 16 

requirements (Maganga, Taifa, 2023). 17 

FMEA is a systematic approach to identifying and addressing potential failure modes in  18 

a product or process. It assigns a risk priority number to each failure mode, helping 19 

organizations prioritize improvements. Kaizen is a Japanese term that means "continuous 20 

improvement". It involves making small, incremental changes to processes and systems over 21 

time, with the goal of achieving long-term improvements. 22 

The Pareto principle, also known as the 80/20 rule, states that 80% of the problems come 23 

from 20% of the causes. This method helps organizations identify and prioritize the most critical 24 

issues for improvement. Benchmarking involves comparing an organization's processes and 25 

performance against industry best practices or competitors to identify areas for improvement. 26 

Quality circles are small groups of employees who meet regularly to discuss and solve 27 

quality-related issues, fostering a culture of employee involvement and continuous 28 

improvement. Managing the quality of materials and components supplied by external sources 29 

is critical. Techniques such as supplier audits and performance monitoring are used to ensure 30 

high-quality inputs. 31 

Table 1 contains quality management methods and provides a brief description of each 32 

method. This table provides a concise overview of each quality management method and its 33 

key characteristics, making it easier to understand the differences and purposes of these 34 

approaches. 35 

  36 
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Table 1.  1 
Examples of quality management methods 2 

Quality Management 

Method 
Description 

Total Quality 

Management (TQM) 

TQM is an organization-wide approach that focuses on continuous improvement 

and customer satisfaction. It involves all employees in quality-related efforts and 

emphasizes process efficiency. 

Six Sigma 

Six Sigma is a data-driven methodology that aims to reduce defects and variations 

in processes. It uses the DMAIC (Define, Measure, Analyze, Improve, Control) 

framework to achieve high levels of quality. 

Lean Management 

Lean principles focus on eliminating waste and improving process efficiency.  

It emphasizes value stream mapping, just-in-time production, and continuous 

improvement. 

ISO Standards 

ISO standards, such as ISO 9001, provide a framework for quality management 

systems. They promote consistency, customer focus, and continual improvement 

in organizations. 

Statistical Process 

Control (SPC) 

SPC employs statistical techniques to monitor and control processes, helping 

maintain process stability and predictability through tools like control charts and 

histograms. 

Quality Function 

Deployment (QFD) 

QFD is a method for translating customer needs and expectations into specific 

product or service features. It aligns product design with customer requirements. 

Failure Mode and Effects 

Analysis (FMEA) 

FMEA is a systematic approach to identify and mitigate potential failure modes in 

products or processes. It assigns a risk priority number to each failure mode. 

Kaizen 
Kaizen is a Japanese concept that promotes continuous, incremental improvements 

in processes, products, and operations through the involvement of all employees. 

Pareto Analysis 
The Pareto Principle (80/20 rule) is used to identify and prioritize the most critical 

issues by recognizing that 80% of problems often result from 20% of the causes. 

Benchmarking 
Benchmarking involves comparing an organization's processes and performance 

with industry best practices or competitors to identify areas for improvement. 

Quality Circles 

Quality circles are small groups of employees who meet regularly to discuss and 

solve quality-related issues, fostering a culture of employee involvement and 

continuous improvement. 

Supplier Quality 

Management 

This method focuses on managing the quality of materials and components 

supplied by external sources, ensuring they meet specified standards. 

Root Cause Analysis 

(RCA) 

RCA is used to identify the underlying causes of problems or defects, addressing 

issues at their source rather than merely treating symptoms. 

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023; 3 
Liu et al., 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023; Antony et al., 4 
2023). 5 

3. How quality management methods are integrated in Quality 4.0 concept 6 

TQM has always emphasized the importance of data for making informed decisions. Quality 7 

4.0 takes this to a new level by providing real-time, high-volume data from IoT sensors and 8 

other sources (Escobar et al., 2023). This data is then processed and analyzed using advanced 9 

analytics and machine learning algorithms. It allows for more accurate, timely, and predictive 10 

decision-making, which aligns with the core principles of TQM. TQM places a strong emphasis 11 

on continuous improvement (Sureshchandar, 2023). Quality 4.0 enhances this by providing 12 

tools and data that enable organizations to identify areas for improvement with greater precision 13 
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and agility. The real-time monitoring and analytics capabilities of Quality 4.0 allow companies 1 

to make incremental changes swiftly and accurately (Almeida, Abreu, 2023). 2 

Both TQM and Quality 4.0 prioritize customer satisfaction. Quality 4.0, however, leverages 3 

big data analytics and customer feedback collected through digital channels to gain deeper 4 

insights into customer needs and preferences. This data can be used to tailor products and 5 

services to a highly individualized level, thus delivering higher levels of customer satisfaction. 6 

Quality 4.0 integrates various digital technologies like IoT, AI, machine learning,  7 

and blockchain. These technologies facilitate advanced quality control and risk management. 8 

In the context of TQM, this means better process control and faster problem-solving (Jokovic 9 

et al., 2023). 10 

TQM often relies on historical data and manual processes for issue identification and 11 

resolution. Quality 4.0 is proactive, using predictive analytics and AI to identify potential issues 12 

before they escalate. This shift from a reactive to a proactive approach aligns with TQM's 13 

objective of preventing defects and improving quality. Quality 4.0 offers real-time monitoring 14 

and control of processes through digital tools. This level of transparency and control ensures 15 

that quality standards are consistently met and deviations are quickly addressed, in line with 16 

TQM's principle of process management (Amat-Lefort et al., 2023). 17 

Quality 4.0 integrates blockchain technology to create transparent and immutable records of 18 

product quality and supply chain information. This ensures complete traceability, which is vital 19 

in TQM for tracking defects and ensuring accountability. TQM promotes employee 20 

involvement in quality initiatives. Quality 4.0 supports this by providing digital platforms and 21 

collaborative tools for employees to actively participate in quality management. This aligns 22 

with the collaborative spirit of TQM. Quality 4.0 can help organizations reduce costs and 23 

improve operational efficiency by optimizing processes in real time. The efficient use of 24 

resources, a key goal of TQM, is enhanced through data-driven optimization (Maganga, Taifa, 25 

2023). 26 

Six Sigma relies on data and statistical analysis to identify and reduce defects and variations 27 

in processes. Quality 4.0 takes this to the next level by providing real-time data from  28 

IoT sensors, machines, and various sources. This high-volume data is processed and analyzed 29 

using advanced analytics and machine learning algorithms. Quality 4.0 enhances the accuracy 30 

and speed of data-driven decision-making in the Six Sigma process (Yanamandra et al., 2023). 31 

In traditional Six Sigma, control charts and historical data are used to monitor processes and 32 

identify deviations. Quality 4.0 introduces predictive analytics, allowing organizations to 33 

identify potential issues before they occur. This shift from reactive to proactive quality control 34 

aligns with the core goals of Six Sigma, which are to prevent defects and improve process 35 

efficiency (Khourshed, Gouhar, 2023). 36 

  37 
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Both Six Sigma and Quality 4.0 emphasize continuous improvement. Quality 4.0 enhances 1 

this by providing tools and data that enable organizations to identify areas for improvement 2 

with greater precision and agility. The real-time monitoring and analytics capabilities of  3 

Quality 4.0 enable companies to make incremental changes quickly and accurately. Quality 4.0 4 

integrates various advanced technologies such as IoT, AI, machine learning, and blockchain 5 

(Alrabadi et al., 2023). These technologies offer new opportunities for quality control, process 6 

optimization, and risk management, complementing the methodologies used in Six Sigma.  7 

Both Six Sigma and Quality 4.0 focus on customer satisfaction. Quality 4.0 leverages big data 8 

analytics to gain deeper insights into customer needs and preferences. This data-driven 9 

approach allows organizations to tailor products and services to meet customer expectations 10 

more precisely, aligning with the customer-centric objectives of Six Sigma (Antony et al., 11 

2023). 12 

Quality 4.0 offers advanced problem-solving tools, such as real-time root cause analysis, 13 

which enables organizations to quickly identify and address issues (Salimbeni, Redchuk, 2023). 14 

This rapid problem resolution aligns with the DMAIC (Define, Measure, Analyze, Improve, 15 

Control) methodology of Six Sigma. Quality 4.0 provides real-time monitoring and control of 16 

processes through digital tools, enhancing the process control aspects of Six Sigma (Saihi et al., 17 

2023). This ensures that quality standards are consistently met and deviations are quickly 18 

addressed. Six Sigma encourages employee involvement in quality initiatives. Quality 4.0 19 

supports this by providing digital platforms and collaborative tools for employees to actively 20 

participate in quality management, fostering a culture of data-driven improvement (Swarnakar 21 

et al., 2023). Quality 4.0 is a natural extension of the principles and methodologies of Six 22 

Sigma. By integrating digital technologies, data-driven decision-making, real-time monitoring, 23 

and predictive analytics, Quality 4.0 empowers organizations to achieve even higher levels of 24 

quality, efficiency, and process improvement, ultimately ensuring customer satisfaction and 25 

competitive excellence (Singh et al., 2023). 26 

Quality 4.0 integrates blockchain technology to create transparent and immutable records of 27 

product quality and supply chain information. This ensures complete traceability, a critical 28 

aspect in both Six Sigma and Quality 4.0 for tracking defects and ensuring accountability  29 

(Liu et al., 2023). 30 

Table 2 is listing examples of integration of selected quality management methods with 31 

Quality 4.0. By integrating these quality management methods into Quality 4.0, organizations 32 

can harness the full potential of digital technologies and data-driven approaches to achieve 33 

higher quality, efficiency, and transparency in their operations. 34 

  35 
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Table 2. 1 
Quality management methods in Quality 4.0 2 

Quality Management 

Method 
Integration with Quality 4.0 

Total Quality 

Management (TQM) 

TQM, when integrated into Quality 4.0, becomes a holistic approach to quality that 

harnesses digital tools and data. Quality 4.0 utilizes IoT devices and real-time data 

analytics to continuously improve processes, enhance customer satisfaction, and 

involve all employees in quality-related efforts. This approach promotes a culture 

of data-driven decision-making, transparency, and agility in adapting to changing 

customer needs. 

Six Sigma 

In the context of Quality 4.0, Six Sigma leverages advanced analytics, machine 

learning, and IoT data to identify and reduce defects. This method is driven by data 

and focuses on achieving high levels of quality through the DMAIC framework.  

It provides a structured approach to quality control, enhancing precision and 

efficiency by predicting issues before they occur. 

Lean Management 

Quality 4.0 augments Lean Management by using real-time data from IoT devices 

to eliminate waste and optimize process efficiency. With digital tools such as value 

stream mapping and continuous improvement platforms, organizations can make 

data-driven decisions to streamline their operations and minimize resources while 

maintaining product quality. 

ISO Standards 

ISO standards serve as the foundation for Quality 4.0's digital quality management 

systems. These standards help establish compliant and consistent quality processes 

within the context of Industry 4.0. Quality 4.0 integrates data-driven decision-

making and real-time monitoring, ensuring that ISO requirements are met with 

greater efficiency and transparency. 

Statistical Process 

Control (SPC) 

Quality 4.0 enhances SPC by incorporating sensors and IoT devices for real-time 

process monitoring and control. Advanced analytics and machine learning 

algorithms enable a more precise analysis of process data, ensuring process 

stability and predictability while identifying issues and defects as soon as they 

occur. 

Quality Function 

Deployment (QFD) 

In Quality 4.0, QFD benefits from the use of digital twin models, which allow for 

advanced simulations and virtual assessments of customer needs. These digital 

replicas enable organizations to align their product design more precisely with 

customer requirements and improve the product development process. 

Failure Mode and Effects 

Analysis (FMEA) 

Quality 4.0 enhances FMEA by using predictive analytics and AI to identify 

potential failure modes and their impact in real-time. This proactive approach to 

risk assessment ensures that issues are addressed before they lead to defects, 

improving overall product quality and reliability. 

Kaizen 

Quality 4.0 augments Kaizen by providing real-time data analytics and 

collaborative digital tools. This allows employees to make data-driven, incremental 

improvements continuously. It encourages a culture of continuous improvement 

and agility in adapting to changing circumstances, ultimately leading to higher 

quality and efficiency. 

Pareto Analysis 

In Quality 4.0, Pareto analysis becomes more efficient by using advanced data 

analytics to identify and prioritize critical issues more accurately. By considering 

the digital data landscape, organizations can focus their efforts on the most 

impactful areas for improvement, resulting in better resource allocation and faster 

problem resolution. 

Benchmarking 

Quality 4.0 integrates benchmarking by using real-time data and digital tools to 

compare processes with industry leaders. This allows organizations to make 

immediate adjustments and improvements to their processes, ensuring that they 

remain competitive in the digital era. 

Quality Circles 

In the context of Quality 4.0, quality circles benefit from digital communication 

and collaborative tools. Remote problem-solving and data-driven discussions 

become more effective, allowing employees to contribute to continuous 

improvement efforts from anywhere in the world. 

 3 

  4 



638 R. Wolniak, W. Grebski 

Cont. table 2. 1 

Supplier Quality 

Management 

Quality 4.0 enhances supplier quality management by incorporating real-time 

monitoring and blockchain technology. This transparency in the supply chain 

tracking ensures that the quality of materials and components from external sources 

is maintained, meeting specified standards and ensuring product quality. 

Root Cause Analysis 

(RCA) 

RCA in Quality 4.0 benefits from data-driven insights and predictive analytics.  

It identifies the root causes of problems more accurately and quickly by analyzing 

large datasets. This approach facilitates more efficient problem resolution and 

prevents recurrence, leading to improved product quality and customer 

satisfaction. 

Source: (Almeida, Abreu, 2023; Jokovic et al., 2023; Khourshed, Gouhar, 2023; Maganga, Taifa, 2023; 2 
Liu et al., 2023; Amat-Lefort et al., 2023; Alrabadi et al., 2023; Singh et al., 2023; Barsalou, 2023; 3 
Antony et al., 2023; Saihi et al., 2023; Sureshchandar, 2023; Swarnakar et al., 2023; Gimerska et al., 4 
2023; Salimbeni, Redchuk, 2023; Yanamandra et al., 2023; Escobar et al., 2023; Bousdekis et al., 2023; 5 
Antony et al., 2023). 6 

4. Conclusion 7 

The advent of Quality 4.0, a response to the ever-evolving technological landscape,  8 

has transformed the way organizations approach quality management. This modern approach 9 

leverages digital technologies and data-driven methodologies to enhance quality control 10 

processes in manufacturing and other industries. It aligns with the broader concept of Industry 11 

4.0, which integrates cyber-physical systems, IoT, big data analytics, and artificial intelligence 12 

into industrial processes. 13 

Quality 4.0 capitalizes on a network of sensors and IoT devices, which continuously collect 14 

real-time data from machines and processes. This data is then analyzed using advanced 15 

analytics, machine learning, and AI, facilitating predictive quality control and optimization. 16 

Moreover, digital twins enable virtual testing and optimization, and blockchain technology 17 

ensures transparent and immutable records for traceability. 18 

In the context of Quality 4.0, traditional quality management methods are seamlessly 19 

integrated to further improve product quality, process efficiency, and overall competitiveness. 20 

Total Quality Management (TQM), for instance, benefits from real-time data and advanced 21 

analytics, supporting a culture of data-driven decision-making and process improvement.  22 

Six Sigma, which traditionally relies on data analysis and historical information, now thrives 23 

on real-time data and predictive analytics in Quality 4.0. This shift from reactive to proactive 24 

quality control aligns perfectly with the goals of defect prevention and process enhancement. 25 

The integration of Lean Management principles in Quality 4.0 leads to waste reduction and 26 

efficiency improvement, with data-driven decisions contributing to enhanced value stream 27 

mapping and continuous process improvement. ISO standards provide a framework for Quality 28 

4.0's digital quality management systems, emphasizing consistency, customer focus,  29 

and continuous improvement, thus ensuring organizations meet evolving industry demands 30 

more efficiently. 31 
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Statistical Process Control (SPC) benefits from real-time data and digital tools to monitor 1 

and control processes, maintaining predictability and stability. Quality Function Deployment 2 

(QFD) translates customer needs into specific features more precisely, aligning product design 3 

with customer requirements in the digital landscape. 4 

These are just a few examples of the integration of quality management methods  5 

in Quality 4.0. Each method harnesses the power of digital technologies and data-driven 6 

approaches to achieve higher quality, efficiency, and transparency. Quality 4.0 serves as  7 

a pivotal driver in the ongoing digital transformation, ensuring organizations remain 8 

competitive and meet the ever-changing demands of the global market. It is a testament to the 9 

continuous evolution of quality management in the face of technological advancement. 10 
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