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Relevance. In the current global business environment, quality management has emerged as a pivotal factor in ensuring the competitiveness of modern Chinese enterprises. With the intensifying market competition, rising customer expectations, and the constant evolution of technological standards, the ability of enterprises to maintain and enhance product or service quality is crucial for their sustainable development and market dominance. Therefore, effective quality management strategies are imperative for leaders to navigate these challenges and propel their enterprises towards success.
Analysis of recent research and publications. The field of quality management is continuously evolving, with numerous research studies and publications offering valuable insights and frameworks. Works by renowned scholars such as W. Edwards Deming, Joseph M. Juran, and Philip B. Crosby have laid the foundational principles of quality management. More recent research has delved into topics such as Total Quality Management (TQM), Six Sigma, ISO 9001 standards, and the application of digital technologies in quality control. These studies provide a comprehensive understanding of the latest trends and best practices in quality management.
Goal and tasks. The primary objective of this study is to explore and formulate effective quality management strategies that can enhance the competitiveness of modern Chinese enterprises. The specific tasks include:
– Examining the theoretical foundations and latest advancements in quality management;
– Analyzing the quality management practices of successful Chinese enterprises;
– Identifying the key roles and responsibilities of leaders in implementing quality management systems;
– Proposing quality management strategies tailored to the unique context of Company B;
– Conducting case studies and empirical research to validate the effectiveness and feasibility of the proposed strategies.
The object of the study is 470 enterprises in J County, Zhejiang Province.
The subject of the study is Quality Management in the System of Ensuring the Competitiveness of a Modern Chinese Enterprise. This encompasses how Company B can leverage quality management principles and practices to improve product quality, enhance customer satisfaction, streamline operations, and ultimately boost its market competitiveness.
Research methods. This study will employ a multi-methodological approach, including literature review, case studies, expert interviews, and surveys. These methods will enable the systematic collection and analysis of data on quality management practices and their impact on enterprise competitiveness.
Structure and scope of work. The work comprises an introduction, three chapters, conclusions, and a bibliography (listing 60 sources). The total length of the qualification project is 112 pages, including 17 tables and 4 figures.
The work will provide a comprehensive and systematic examination of quality management strategies for enhancing the competitiveness of modern Chinese enterprises. It will offer practical guidance and recommendations for leaders seeking to implement effective quality management systems and achieve sustainable business success.
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[bookmark: _Toc27722]1.1. The essence of the concept of "quality" and its importance in enterprise activities
From the perspective of human sociology, the concept of "culture" reflects the essential characteristics of any particular human group that are passed down from generation to generation. Anthropologist William A. Haviland pointed out in his book Contemporary Anthropology that culture is a set of norms or codes. The American Heritage Dictionary defines the term "culture" as "the sum of the essential characteristics of human behavior, art, religious beliefs, group organization, and all other human production and thinking activities that are passed down from generation to generation by human groups or nations." [1] Based on this classic definition, based on the perceptible characteristics of culture and the resistance of culture itself to cultural change, we can deduce that the concept of culture contains two different levels, namely the deeper level of culture and the shallower level of culture. At the deeper and less perceptible level, culture represents basic values that are shared by a human group and can be continued and maintained even if the members of this group are constantly renewed. According to the inherent affinity of the values reflected by culture, various specific types or categories of culture can be divided. For example, the main characteristics of East Asian culture are the behavioral patterns, ethics, business ideas, legal systems, and national concepts based on the industrialization process since modern times and Confucian culture. [2] On the contrary, at a more perceptible level, culture reflects the behavior of a group. For example, traditional British culture reflects a rigid and conservative gentleman style - even the players of the England national football team can more or less capture the shadow of British traditional culture. Although it is also difficult to reform culture in this sense, it is not as difficult as reforming culture at the level of basic values. [3]
The two different levels of culture interact with each other. Changes in one level naturally affect the other level. The most obvious manifestation is that the basic values shared by the group affect the group's behavior patterns. At the same time, this causal relationship can also be reversed - that is, behavior patterns and practical activities can also react on the basic values of the group. In fact, the basic values shared by the group are the result or effect of the long-term accumulation of the group's behavior patterns and practical activities - it can be said that the formation and development of quality culture is the natural result of human quality practice activities since the 20th century. [8] As one of the basic practical activities of human society, quality practice has grown up with the pace of industrial civilization. [9] Today, from country hotels to Royal Hotel, from Mickey Mouse to space shuttles, from streets and courtyards to the United Nations Building, quality practice has penetrated from the original industrial field to all aspects of human social life. From a purely technical perspective, quality practice is a complete process of ensuring that the properties of entities (anything that can be perceived or imagined) related to needs and expectations are continuously met, including two basic aspects: one is to meet established needs and expectations; the other is the continuous improvement of the ability to meet needs and expectations. With the continuous accumulation of quality practice activities, quality practice has gradually transcended its purely technical scope and evolved into a cultural phenomenon - quality culture. [4]
As a basic concept to explain contemporary quality practice activities, the meaning of "quality culture" refers to "the material basis, technical knowledge, management ideas, behavior patterns, legal system and moral norms and other factors and their sum that are gradually formed in the quality practice activities of groups or nations based on the industrialization process since modern times and against the background of specific national culture." The concept of quality culture naturally reflects the characteristics of industrial civilization since the 20th century. It inherits the mainstream value concept of contemporary quality practice activities - most of the essence of TQM thinking, and breaks through the boundaries of corporate culture that has received widespread attention and research in Western developed countries since the 1980s. [5] It can be said that quality culture is the latest topic of contemporary cultural research and a powerful weapon for countries or regions to revitalize their economic competitiveness with the help of cultural power. It is worth noting that since the quality culture concept is still in its infancy, there is a phenomenon of confusing the concept of quality culture with the concept of corporate culture.
In terms of meaning, corporate culture usually refers to the common values and behavior patterns of most members within an enterprise. It is reflected in the ideal pursuits, values and behavioral norms that are generally accepted and followed by all employees of the enterprise. Quality culture refers to the technical knowledge, behavior patterns, systems and ethical norms formed by a group or nation in quality practice and their sum. The two are completely different in concept. In terms of scope, the focus of corporate culture research is to shape the core values of the enterprise. It may be quality-oriented or non-quality-oriented. Its focus is on the organizational level, while the focus of quality culture research is on the construction of quality culture within the country or region. Its focus includes organizational level, regional economic level or national economic level. There is no doubt that quality culture involves a wider scope, contains more levels and has a greater impact. Therefore, it is a basic misunderstanding to define quality culture as corporate culture with a specific meaning. [6] It is not difficult to see that what some scholars currently call "quality culture" or "quality culture" can be understood as "corporate quality culture". It studies the quality practice activities of an enterprise from the organizational level. It is both a subcategory of corporate culture and a subcategory of quality culture. [7]
As a cultural phenomenon closely related to modern industrial civilization, quality culture has its own unique structural characteristics. Through detailed analysis and research on the structural characteristics of quality culture, a basic framework or mechanism can be established for the qualitative evaluation and quantitative measurement of quality culture. [10]
From the perspective of time, the structural characteristics of quality culture are composed of its material level, behavioral level, institutional level and moral level. These four levels form the quality culture pyramid in order from low to high, which is consistent with the resistance characteristics of cultural change. The resistance characteristics of quality culture change gradually increase from the material level to the moral level, as shown in Figure 1.1 . Among them, the material level and behavioral level are highly perceptible and belong to the shallower level of quality culture, while the institutional level and moral level are less perceptible and belong to the deeper level of quality culture.
1. Material aspects of quality culture
The material level is the basic level of quality culture and forms the base of the quality culture pyramid. The material aspect of quality culture consists of the existing material factors in the national or regional economy, including the quantity and structure of wealth, the quality of wealth, the level of science and technology, and the status of human resources. Generally speaking, the level of material factors in the economy of a certain country or region determines the basic strength of the country or region's quality culture. In a country with a relatively weak material level, the intensity of its quality culture is also relatively weak.
However, in terms of the size of its influence, the material dimension has a relatively small impact on the intensity of quality culture compared with other dimensions. The development process of Japan's economy clearly shows that by strengthening the role of other levels, the intensity of quality culture can be significantly enhanced, and a strong quality culture can promote sustained, rapid, and healthy economic development, thereby pushing the economy into a better High material level - This enables quality culture to be built on an ever-increasing material level.






Figure 1.1 Quality Culture Pyramid
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2. Behavioral aspects of quality culture
The behavioral level of quality culture is based on its material level, and the material level is the carrier of the behavioral level. The behavioral level is reflected in the behavioral pattern of groups using material factors to create wealth. On the same material level, different behavioral patterns will However, compared with the material level, the behavioral level has a greater impact on quality culture. From the perspective of regional economy, there are differences in the intensity of quality culture between cities with basically the same material level. The examples that can be used to measure the correlation between behavioral patterns and the strength of quality culture are mostly from the service industry, because in the service industry, the service behavior of the organization is basically transparent to customers. and occurs simultaneously with the customer’s consumption behavior. [12]
3. Institutional aspects of quality culture
The institutional dimension of quality culture is the main mechanism that shapes the behavioral dimension. The institutional level involves the following three aspects, namely standardization and regulation system, reward system and legal system. Among them, the standardization and specification system provides a guidance and evaluation system for behavior and behavioral results, revealing the basic goal of quality practice activities: meeting established needs or expectations. The reward system embodies the incentive and guidance effect on behavioral patterns and conveys the political leanings of national or regional management authorities. For example, in the mid-1980s, the U.S. government realized that the competitiveness of the U.S. economy was weakening and established the MALCOLM BALDRIGE NATIONAL QUALITY AWARD through legislative procedures in the hope of revitalizing the U.S. economy. The legal system is a coercive shaping mechanism at the behavioral level. [11] The influence of the legal system on quality culture depends on three aspects, namely the fairness of law enforcement, the timeliness of law enforcement and the soundness of the quality legal system.
4. The moral aspect of quality culture
The moral level of quality culture is located at the top of the quality culture pyramid. It is not only the core content and highest level of quality culture, but also the ultimate goal of quality culture construction.[8] It is manifested in the value orientation and spiritual pursuit of the group to actively respect and safeguard customer sovereignty. The moral level involves the following four group value orientations, namely respecting customer sovereignty; actively safeguarding the authority of social quality culture; pursuing social benefits and perfectionism of behavioral results; and viewing economic resources from a continuous and lasting perspective and advocating the concept of sustainable development of society. [13]
The structured analysis of quality culture provides a basic framework for us to understand and measure the strength of quality culture, and also points out the direction for those countries or regions that are committed to building a strong quality culture. However, as a complex cultural phenomenon, structured analysis is not enough to understand the full picture of quality culture phenomenon, nor can it fully explain the pattern characteristics of existing quality culture phenomena in the real world and the process of quality culture evolution. For this reason, we need to further study the dimensional characteristics of quality culture.
The dimensional analysis of quality culture includes two basic analysis contents, namely, the main dimension analysis of quality culture and the secondary dimension analysis of quality culture. Among them, the main dimensions of quality culture include the dimensions of publicity/privacy, inheritance/transformation, and openness/closure, and the secondary dimensions include the dimensions of nationality, regionality, and balance. Figure 1.2 shows the main dimension coordinate system of quality culture. Points A and B in the figure describe two different quality culture models, where model A is characterized by high publicity, high transformation, and high openness, and model B is characterized by high publicity, high inheritance, and high closure. In the early stages of the formation of quality culture, its stability is usually low and it does not have distinct model characteristics. However, once the model of quality culture is formed, it usually has long-term stability. For example, it may take a considerable amount of time and many gradual intermediate states to achieve the transition from model B to model A. [14]
Dimensional analysis provides the possibility of determining the ideal model of quality culture. For the purpose of comparative research, we can define two non-normative models for the quality culture phenomenon worldwide, namely, "the quality culture model of developed countries or regions" and "the quality culture model of developing countries or regions."[19] It should be admitted that this division is inaccurate and ignores the current status of quality culture in underdeveloped countries or regions. (For underdeveloped countries or regions, generally speaking, their quality practices are still at a low level, and their quality management ideas have not yet developed to the stage of total quality management ideas. Therefore, it is impossible for us to "summarize or extract" a valuable quality culture model from their quality practice activities. [15]
From the perspective of application, the above division points out the direction for the construction, communication and transplantation of quality culture. For those countries or regions with relatively backward quality culture, through the subjective efforts of the group in quality practice activities, the quality culture can undergo positive evolution and eventually reach the level of the ideal model. However, the transplantation of quality culture is not an easy task. Behind the phenomenon of quality culture, there are profound contents that cannot be transplanted. As revealed by the structured analysis of quality culture, the institutional and moral levels of quality culture are in fact difficult to transplant. For example, China began to study and transplant the "Japanese-style" total quality management ideas in the late 1970s. However, 20 years later, China's total quality management practice is still in a state of "appearance and spirit" - in general, China has not really established a "Chinese-style" total quality management idea that is adapted to the current national conditions. [16] The reason for this phenomenon is that, unlike methodological quality management and engineering technology, total quality management has certain characteristics of the institutional and moral aspects of quality culture. This means that the study and transplantation of total quality management cannot be limited to simple imitation, but must implement institutional and moral changes that are compatible with total quality management. In this sense, China's quality management practice is still mainly at the "quality assurance" stage in the development of quality management ideas. It can be said that, on the whole, China is currently facing the problem of building a quality culture, rather than the problem of changing a quality culture.
Quality Culture and Enterprise Brand Strategy
For large and medium-sized enterprises, it is not enough to have a famous brand, because famous brand enterprises also have problems with economies of scale and scope of communication. Therefore, enterprises must put the expansion of the scale and scope of existing famous brands on the agenda while improving and maintaining the intrinsic quality of famous brands and increasing the intensity of brand publicity. In other words, enterprises cannot just be satisfied with industry famous brands, regional famous brands, and domestic famous brands, but must strive to make their products go abroad and become popular all over the world. "Big famous brands" can not only enable enterprises to obtain economies of scale, but also economies of scope and network economies, thereby greatly strengthening the material foundation for the construction of corporate quality culture, thereby providing the necessary material guarantee for the implementation of the famous brand strategy. [17]
1. Quality culture contributes to the long-term implementation of brand strategy
Quality culture helps to strengthen the internal incentive mechanism for enterprises to create famous brands. Enterprises are the carriers of implementing famous brand strategies. Only by following the requirements of the market economy, straightening out property rights, achieving transformation and establishment, and making enterprises truly become legal entities and market competition entities, can enterprises have a self-motivation mechanism to create famous brands. Good corporate culture can enhance the cohesion and centripetal force of enterprises [21] , coordinate the relationship between departments, promote internal reforms of enterprises, improve various management systems, enhance the initiative and enthusiasm of enterprise employees to create famous brands, and improve employees' brand awareness.
An excellent quality culture can guarantee the success of implementing a brand strategy. Creating and maintaining a brand is like starting a business and maintaining a business. Creating is easy, but maintaining is difficult. In the past, many Chinese companies, after their products became well-known, did not work hard to improve product quality and service, but instead "replaced the pillars with the beams" or passed off inferior products as good ones. This not only seriously harmed consumers and their interests, but also damaged the reputation of brand-name products, and ended up ruining their own brands. [22] Some companies were not enterprising and did not focus on product innovation, which gradually diluted their brand image. Some companies did not pay attention to supervision and protection when disposing of the right to use their trademarks, which led to the devaluation of the original brand. The key reason for these phenomena is the lack of excellent corporate quality culture. [18]
2. Correct values are the fundamental guarantee for implementing brand strategy
Advocating new corporate values and strengthening brand awareness are the fundamental guarantees for implementing brand strategies. Corporate values are a common value orientation, psychological tendency and cultural pattern gradually established by corporate employees in long-term practice. It is the core of corporate culture, the spiritual pillar and source of vitality of the enterprise, and plays a decisive role in the operation and development direction of the enterprise. The brand awareness of corporate employees is essentially people's understanding and evaluation of the importance of famous brands, and is the specific embodiment of corporate values in terms of brand. Correct brand awareness can guide enterprises to implement effective brand strategies, formulate correct brand development plans, and produce truly marketable products, thereby seizing the market and obtaining benefits.
The concept of quality is an important part of the corporate values and the core content of brand awareness. Without high-quality products as a foundation, it is impossible for an enterprise to create a brand. To this end, enterprises must persevere in implementing comprehensive quality management, continuously improve quality, and make their products have quality characteristics. However, to create brand products, it is not enough to just promote quality standards and ensure quality levels. The key is whether the quality level of the product can meet the quality level required by consumers to the greatest extent.
3. A good corporate image is a strong backing for enterprises to implement brand strategy
Quality culture is the concentrated embodiment of corporate image. Corporate culture image is the optimization design and shaping of the business philosophy, spiritual culture, marketing strategy and its external appearance of the enterprise. It includes three parts: corporate concept identification, behavior identification and visual identification. Brand is the concentration of corporate philosophy, the peak presentation of corporate behavior, and the core component of corporate visual identification system. Therefore, brand is the concentrated embodiment of corporate image. [19] Under the market economy, without a good corporate image and corporate reputation, it means that the enterprise has no broad market, let alone the implementation of brand strategy. Because scientific and technological progress makes it very easy for enterprises to approach or converge in product quality and performance, the strength of corporate competitiveness mainly depends on the degree of social recognition and acceptance of the enterprise. In this case, enterprises can only succeed if they carefully design and image their products and services, and convey the corporate values, unique personality, excellent products, high-quality services and corporate social responsibility to the society through brands or other channels, and maximize the recognition of the public.
In view of this, enterprises must give their enterprises accurate market positioning, formulate correct market positioning and image design, and formulate correct brand development strategies based on full consideration of factors such as their personnel quality, technical strength, industry characteristics, historical evolution, and even geographical location. In addition, they must monitor, revise, and improve their corporate image and brand strategy planning in a timely manner as the situation develops and the company's tasks and environment change, thereby building a brand path that is conducive to the company's own development. [20]

[bookmark: _Toc15478]1.2. Quality management as a component of the enterprise management system

The development of quality management theory has a history of more than 100 years. Quality management masters such as Deming, Juran, and Crosby proposed their own representative theories based on their observations of quality management practices, and continuously formed the academic edifice in the field of quality management. The theoretical development has gone through three stages: quality inspection, statistical quality control, and total quality management. With the acceleration of industrialization and the rapid progress of society and the continuous improvement of modern quality management theory in practice, the terms and definitions of quality have also evolved and developed in a huge wave of changes. The connotation of quality from different perspectives can be roughly summarized into the following four aspects, see Table 1.1 .
Table 1.1 Development of the connotation of quality
	Development Stage
	Concept Type
	Main content
	Representatives

	1900-1930s Quality Inspection
	
Conformity Quality
	The degree to which a product complies with the technical standards is used as a measure of the product The basis for product quality.
	
Crosby

	1940s-1960s Statistical quality control
	
Applicability Quality
	Customer satisfaction is measured by the degree to which it meets customer needs. The basis of degree.
	
Juran

	

1960s to present Total Quality Management
	
Demand quality
	The ability of a set of characteristics to meet requirements is used as a measure of The basis for party satisfaction.
	Feigeobaum ISO9000

	
	
Comprehensive quality
	The conditions of sustainable development are used as a measure of human survival. There is a need for basis.
	Sustainability declaration


Source: References[34] [24][25]
From the perspective of the evolution of quality management theory, the definition of quality has been continuously extended and enriched, from the initial focus on product quality to a comprehensive measurement of the broad scope of human survival. Of particular note is the change in the quality audience, which has gradually evolved from merely meeting technical standards to being based on the needs of customers, stakeholders and even human society, solving the problem of who quality is made for. Among the many quality audiences, as one of the main participants in the transaction, customers are always the original driving force for product quality. Paying attention to customer needs, pursuing customer value, pursuing customer satisfaction and loyalty, and providing attractive and excellent quality have become a development trend in quality management research. Its purpose is to guide enterprises to win customers and markets and win the competition [23] . From the current integrated perspective, quality should be a kind of "excellence" and "value for money", which means that in an organizational management system, including environment, personnel, services and products, it meets the specifications, meets the needs of consumers, and gives customers value for money, showing an overall excellent and good quality.
The reason why we traced back to the original concept of quality is to have a deeper understanding of who quality exists for, which has a very direct relationship with the evaluation subject in the following research. In essence, quality should be a reflection of the degree of interaction between the product or service and the user. Therefore, some researchers have proposed the classification method of economic quality, intrinsic quality, extrinsic quality, market quality, and social quality. This classification basically encompasses all the current concepts of quality and has a strong reference significance.
(2) Quality management practices
The theory of quality management was originally derived from the principles and methods summarized by quality masters, such as the famous 14 suggestions given by Deming to management, the 10 steps of quality improvement by Juran, and the 14 steps of quality improvement by Crosby. Due to the relatively loose research structure and the fact that the classic social science paradigm was not adopted in terms of concept, especially when Feigeobaum (1956) first proposed the theory of total quality management, its theoretical basis was once questioned by organizational scholars [24] and was only regarded as a collection of guiding principles and suggestions for practical operations [25] . The performance excellence model framework proposed by the Baldrige National Quality Award in the United States later provided an operational idea and method and a strong practical foundation for establishing a "big quality" concept and implementing total quality management in organizations. After continuous exploration and development by researchers in the field of quality management, the concept of quality management practice (QMP) has gradually been formed, which is generally recognized in the academic field today. Quality management practices are summarized as various management measures and plans implemented by enterprises to improve quality, reduce costs and increase productivity. They are an important tool for enterprises to improve their operating performance and enhance their competitiveness [26]. In subsequent studies, domestic and foreign researchers first defined the elements and classifications of quality management practices, and on this basis further studied the mechanism of the effect of quality management practices on quality performance and even corporate performance. After more than 30 years of research, scholars have put forward many research results with reference value, which provide guidance for later researchers to clearly understand quality management activities. These studies have laid a solid theoretical foundation for the evaluation of quality competitiveness.
In 1989, Saraph et al. conducted a survey and interviews with managers of 20 companies and summarized eight major quality management practices consisting of 78 items, namely, top management support, the role of the quality management department, product or service design, supplier quality management, process management, quality information, quality training and employee relations. They believed that these eight quality management practices are generally applicable to manufacturing and service industries. [27] Flynn et al. (1995) took the manufacturing department as the research object, interviewed quality management personnel, and proposed seven quality management practices: top management support, process management, quality information, employee management, product design, supplier participation and customer participation. Black and Porter (1996) proposed a list of 39 questions based on the results of the MBNQA study. [28] Ahire et al. (1996) further improved the content of quality management practices. They believed that complete quality management should include the following 10 aspects: top management commitment, customer focus, supplier quality management, design quality management, benchmarking, use of statistical process control (SPC), internal quality information application, employee empowerment, employee participation and employee training. The quality management practice elements mentioned in domestic and foreign research in the past 20 years are summarized in Table 1.2 . It is not difficult to see that the two elements of "leadership commitment" and "customer focus" are recognized by the vast majority of researchers.[29] Quality is created and manufactured under the promotion of internal leaders and the pull of external customers, and it is an evaluation dimension that cannot be ignored. The other classic quality management practices listed in the table also have great reference value for the evaluation elements that constitute quality competitiveness.

Table 1.2 Elements of quality management practice
	author
	Quality Management Practice Elements

	Saraph(1989)
	Top management support, product or service design, the role of the quality management department, process management, supplier quality management, quality information, quality training and employee relations

	Flynn (1995)
	Top management support, quality information, process management, product design, workforce management, supplier involvement and customer involvement

	Black & Porter (1995; 1996)
	Corporate quality culture, quality improvement measurement system, strategic quality management, employee and customer management, external interaction management, operational quality management, supplier relationships, team structure, customer satisfaction orientation, improving customer information communication

	
	

	
	

	Ahire et al. (1996)
	Senior management commitment, customer focus, supplier quality management, design quality management, statistical process control, benchmarking, use of internal quality information, employee empowerment, employee participation, product quality, supplier performance

	Hendricks & Singhal (2001)
	Leadership commitment, employee relations, process control, training, customer focus, continuous improvement

	
	

	Ho et al. (2001)
	Leadership commitment, employee involvement, supplier management, training, quality information, product design, customer focus

	
	

	Gloet & Terziovski (2004)
	Leadership commitment, quality information, supplier management, benchmarking, customer focus

	Prajogo & Sohal (2006)
	Leadership commitment, supplier management, employee involvement, quality information, training, process control, employee relations, statistical process control, customer focus, continuous improvement

	
	

	Choo et al. (2007)
	Leadership commitment, empowerment, quality information, supplier management, training, product design, benchmarking, customer-centricity

	
	

	Molina et al. (2007)
	Leadership commitment, supplier management, training, employee relations, customer focus

	Molina-Azorin et al. (2009)
	Leadership, staff management, planning, information and analysis, process management, supplier management, customer/stakeholder focus

	
	

	Hoang et al. (2010)
	Top management commitment, employee involvement, employee empowerment, education and training, teamwork, customer focus, process management, information and analysis, strategic planning, openness, service culture

	
	

	
	

	Xiong Wei et al. (2011)
	Leadership commitment, quality information, process management, employee relations, customer focus

	Zhang Qunxiang (2012)
	Senior leadership commitment, customer orientation, employee involvement, continuous improvement, process management, supplier relationships

	
	


Source: References[ 26 ] [27][28][29][30][34]
In terms of the classification of quality management practices, Flynn et al. (1995) first divided them into core practices and basic practices. The former mainly includes activities such as processes, design, and the application of statistical tools, while the latter mainly involves leadership, employees, customers, suppliers, etc. Similarly, some scholars have classified quality management practices into "hard elements" and "soft elements" (2003), which are basically similar to the views of Flynn et al. [28]
Whether core practices affect performance has always been one of the core issues of controversy in the study of quality management practices and performance [29] . Flynn et al. conducted a data path analysis of 75 manufacturing plant samples and concluded that core practices directly and positively affect quality performance, while basic activities provide environmental support for the former so that core activities can be used effectively. Subsequently, Anderson et al. (1995) The conclusions obtained by Kaynak (2003) in empirical research also support the views of Flynn et al. Based on the research on quality management practices of China's manufacturing enterprises, research by relevant scholars [30] has also basically verified the conclusions of foreign scholars, especially in the relationship between quality management practices and quality performance, which has obtained positive correlation results and affects enterprise performance through quality performance. These studies have analyzed the mechanism of quality management practices from the inside and explained how enterprises can gain competitive advantages through quality management practices. This provides rich theoretical materials for the deconstruction of the concept of quality competitiveness. We can borrow some elements from the set of quality management practices and quality performance results as evaluation elements of quality competitiveness, and logically arrange them in grades according to the different needs of the evaluation subjects, so as to form a relatively rigorous quality competitiveness evaluation model.

Table 1.3 Study on the relationship between quality management practices and organizational performance
	literature
	Performance variables

	
	Quality Performance
	Overall performance (financial, market, innovation)

	Anderson et al. (1995)
	Perceptual variables: Customer satisfaction
	/

	Flynn et al. (1995)
	(1) Perceptual variables: perceived quality market outcomes;
	

	
	(2) Objective variable: proportion of work that does not require rework
	/

	Powell (1995)
	Perceptual variables: the effects of TQM programs
	Perceptual variables: overall performance level

	Dow et al. (1999)
	Perceptual variables: Final assembly defect rate, quality assurance costs, total quality costs, defect rate relative to competitors
	/

	Singels et al. (2001)
	Perceptual variables: Improvement of production processes, customer satisfaction, investment, employee motivation
	Perceptual variables: Improved firm performance

	Tsekouras et al. (2002)
	/
	Objective variables: profit growth rate, capital structure or debt growth rate, ROE growth
Net profit growth rate

	Wayhan et al. (2002)
	/
	Objective variables: revenue growth rate, total profit, ROA

	Chow-Chua et al. (2003)
	Perceptual variables: customer satisfaction, customer service,
Staff retention, less waste, less inefficiency
	Objective variables: sales profit margin, ROA, ROE, debt-to-asset ratio, EPS

	Kaynak (2003)
	Perceptual variables: perception of quality level
	Perception variables: perception of financial and market outcomes

	Merino-Diaz (2003)
	Perceptual variables: operational performance (cost, reduction in product recalls, reduction in final product defects, reduction in defects in production, on-time delivery rate, lead time)
	/

	Terziovski et al. (2003)
	/
	Perceptual variables: perception of improvement in business performance

	Naveh & Marcus (2004)
	Perceptual variables: operational performance (defect rate, quality loss , productivity, on-time delivery rate, customer satisfaction)
	Perceptual variables: Business performance ( market share growth rate, sales growth rate, export growth rate)

	Kaynak & Hartley (2005)
	Perceptual variables: inventory turnover, product quality
	Perceived variable: perceived sales growth rate

	Rahman & Bullock (2005)
	Defect rate, on-time delivery rate, and the proportion of quality cost to total sales
	Customer satisfaction, employee morale, productivity

	Sharma (2005)
	/
	Objective variables: profit margin/ROS, revenue , profit

	Sila & Ebrahimpour (2005)
	Perceptual variables: perception of customer focus, human resource results, and organizational effectiveness
	Perceptual variables: financial and market outcomes

	Jiang Peng et al. (2009)
	Objective variables: acceptance rate, durability, reliability, on-time delivery, customer satisfaction, quality cost
	Objective variables: innovation performance (R&D results , cycle, capabilities, costs)

	Song Yongtao et al. (2011)
	Objective variables: internal performance (acceptance rate, durability , reliability), external performance (quality customer satisfaction, delivery quality)
	Objective indicators: return on assets, sales profit margin , sales growth, market share, market growth rate

	Xiong Wei and Feng Xiaobin (2012)
	Objective variables: product delivery inspection pass rate, product quality stability, quality assurance costs, defect levels relative to competitors
	Objective variables: sales revenue, total profit , sales growth and profit growth


Source: References[26][29][30][31][35][36][37][38][39][40][41][42]
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Comprehensive evaluation refers to an objective, fair and reasonable comprehensive evaluation of the object being evaluated. Among several (similar) systems, how to determine which system is in good operation (or development) and which system is in poor operation (or development) is a common so-called comprehensive judgment problem, that is, a multi-attribute (multi-index) comprehensive evaluation problem. The process of comprehensive evaluation is a process of information flow and combination between various components, and is a complex process of integrating subjective and objective information.
The classic process of dealing with comprehensive evaluation problems is: clarify the purpose of evaluation and determine the evaluation object; establish an evaluation index system (including collecting the original values of evaluation indicators, preprocessing of evaluation indicators, etc.),[43] establish the weight coefficients corresponding to each evaluation indicator, select or construct a comprehensive evaluation model, calculate the comprehensive evaluation value of each system and sort or classify it.
A complete comprehensive evaluation system generally includes five elements: evaluation object, evaluation index, weight system, aggregation model and evaluator.
(1) Evaluation object: The number of evaluated objects of the same type must be greater than 1. Assume that the evaluated objects are denoted by s₁, s₂, and .sn respectively.
(2) Evaluation indicators: The operating status of each system can be represented by a vector x, in which each component reflects the status of the system from a certain aspect, so x is called the system status vector, which constitutes the indicator system of the evaluation system. Each evaluation indicator is a measure of the size of a certain characteristic of the system from different aspects. The resume of the evaluation indicator system depends on the specific evaluation problem. But generally speaking, when establishing an evaluation indicator system, the principles that should be followed are mainly systematicity, scientificity, comparability, measurability, and mutual independence. Suppose there are m evaluation indicators and they are denoted as x₁, x₂…xm (m>1) in sequence.
(3) Weight coefficient: With respect to a certain evaluation purpose, the relative importance of evaluation indicators is different. The relative importance of evaluation indicators can be described by weight coefficient. If w, is the weight coefficient of evaluation indicator x, it should generally be w; ≥ 0 (j = 1, 2,. m). [image: ]Obviously, when the object to be evaluated and the evaluation indicators are given, the result of the comprehensive evaluation depends on the weight coefficient. That is, whether the weight coefficient is determined reasonably or not is related to the credibility of the comprehensive evaluation result. Therefore, the determination of the weight coefficient should be particularly cautious.
(4) Aggregation model: The so-called multi-index comprehensive evaluation refers to combining multiple indicators through a certain mathematical model.
The evaluation index value is "synthesized" into an overall comprehensive evaluation value. There are many mathematical methods that can be used for "synthesis". The problem is how we can choose a more appropriate synthesis method based on the evaluation purpose and the characteristics of the evaluation system. That is to say, on the basis of obtaining the evaluation index {x,} (i=1,2,..n; j=1,2,..m) of n systems, how to select or construct the aggregation model (comprehensive evaluation function) y=f(w,x), and sort and classify these n systems according to the size of y,. In the formula, w=(w,W₂.…,wm)", is the index weight vector, and x=(x₁,x₂,.,xm) is the state vector of the system.
(5) Evaluator: The evaluator can be a person or a group. The determination of the evaluation purpose, the establishment of evaluation indicators, the selection of evaluation models, and the determination of weight coefficients are all related to the evaluator. The role of the evaluator in the evaluation process cannot be underestimated.
At present, there are many methods for comprehensive evaluation of multiple indicators at home and abroad. According to the different weight determination methods, these methods can be roughly divided into two categories. (1) Objective weighting method, that is, determining the weight according to the correlation between the indicators or the degree of variation of the values of each indicator, avoiding the deviation caused by human factors, such as factor analysis, principal component analysis, etc. (2) Subjective weighting method, such as hierarchical analysis method, fuzzy evaluation method, etc., mostly adopts qualitative methods of comprehensive consultation scoring. This type of method can artificially control the weight of certain indicators, increase or decrease the role of certain indicators according to actual conditions, and obtain results that are more in line with the purpose of evaluation. The following briefly introduces several commonly used evaluation methods.
1.3.1 Analytical Hierarchy Process
The analytic hierarchy process ( AHP) is a systematic and hierarchical analysis method that combines qualitative and quantitative analysis and was proposed by Sadie, a professor of mathematics at the University of Pittsburgh and a famous operations researcher in the mid-1970s. This method quantifies the experience of decision makers and is particularly suitable for situations where the target structure is complex and data is lacking. It is a simple, flexible and practical multi-criteria decision-making method. Since the analytic hierarchy process was proposed, it has been applied to decision-making problems in all walks of life.[44]
The basic principle of the hierarchical analysis method is to decompose the various indicators in a complex problem into several ordered levels by dividing their relationships. The elements in each level have roughly equal status, and each level has a certain connection with the previous level and the next level. An ordered hierarchical model is established between the levels according to the affiliation relationship. The hierarchical structure model generally includes several basic levels such as the target level, the criterion level and the indicator level. In the hierarchical model, according to the judgment of certain objective facts, the importance of each level is reflected in a quantitative form, that is, the relative importance of the elements in each level is determined by pairwise comparison and judgment, and then expressed in a quantitative way, and then a judgment matrix is established. Then, the relative importance weights of each indicator in the judgment matrix of each level are calculated by mathematical methods. Finally, by combining the relative importance weights of each level in the hierarchical structure, the importance weights of all indicators relative to the target are obtained.
1.3.2 Fuzzy evaluation method
In 1965, Chad, a cybernetics expert at the University of California, published an important paper entitled "Fuzzy Sets" after years of dedicated research based on the objective needs of scientific and technological development. [45]He successfully used precise mathematical methods to describe fuzzy concepts for the first time, building a bridge between precise classical mathematics and the real world full of fuzziness, thus announcing the birth of fuzzy mathematics. Since then, fuzzy phenomena have entered the field of human scientific research. Fuzzy comprehensive evaluation (FCE) is a method based on fuzzy mathematics, applying the principle of fuzzy relationship synthesis, quantifying some factors with unclear boundaries and difficult to quantify,[46] and conducting comprehensive evaluation. It is a method of making comprehensive decisions on a thing for a certain purpose under a fuzzy environment by considering the influence of multiple factors. It transforms the evaluation object and evaluation index into membership and membership function using fuzzy mathematical methods, and obtains the fuzzy result set through fuzzy composite operations. It can better solve the fuzziness in comprehensive evaluation and has been widely used in many fields. It is an important aspect of the application of fuzzy mathematics in the fields of natural science and social science. The basic principle of fuzzy comprehensive evaluation method: It first determines the factor (indicator) set u=(X|,X₂,.,Xm) and evaluation set v=(V₁,V2,.,Vn) of the object to be evaluated. Among them, X, is each individual indicator, and V, is the evaluation level of X, which can generally be divided into five levels: V={excellent, good, medium, poor, bad). Then determine the weight of each factor and their membership vector respectively to obtain the fuzzy evaluation matrix. Finally, the fuzzy evaluation matrix and the weight set of the factors are fuzzy operated and normalized to obtain the fuzzy evaluation comprehensive result.
1.3.3 Data Envelopment Method
In 1978, the famous operations researchers Chames, Cooper and Rhodes first proposed a method called data envelopment analysis (DEA) to evaluate the relative effectiveness of departments (called DEA effectiveness). Their first model was named C2R model. From the perspective of production function, this model is an ideal and effective method to study the "production department" with multiple inputs, especially multiple outputs, for both "scale efficiency" and "technology efficiency".[47][48]
1.3.4 Artificial Neural Network Method
Artificial neural network evaluation method ANN artificial neural network is a widely parallel interconnected network composed of simple adaptive units. Its organization can simulate the biological neural system and interact with real-world objects. ANN establishes a model that can "learn" and can accumulate and fully utilize empirical knowledge to minimize the error between the best solution and the actual value. Artificial neural networks have attracted the attention of scholars in many fields for their self-learning, self-organization, good fault tolerance and excellent nonlinear approximation capabilities. In practical applications, 80%-90% of artificial neural network models are network models that use error back propagation algorithms or their variations.
1.3.5 Grey correlation analysis method
Grey system theory was proposed by Professor Deng Julong, a famous scholar in my country, in 1982. Its research object is the "poor information" uncertainty system where "part of the information is known and part of the information is unknown". It realizes the accurate description and understanding of the real world by generating and developing some known information. In other words, the grey system theory mainly uses known information to determine the unknown information of the system, so that the system changes from "grey" to "white". Grey theory involves many aspects.[49] Considering the grey comprehensive evaluation problem we want to discuss, our research object is grey correlation analysis, that is, first find the data sequence (data at each moment) to reflect the system behavior characteristics, and then calculate the degree of correlation according to the correlation calculation formula. When conducting comprehensive evaluation, the mathematical processing of this method is not too complicated, and the comprehensive information provided by the sample can be used. Moreover, it treats each evaluation index equally, which can avoid the influence of subjective factors on the evaluation results.





[bookmark: _Toc17551]Chapter 2 Analysis of enterprise management activities under the background of product quality assurance

[bookmark: _Toc23601]2.1. Steps for establishing a quality competitiveness evaluation system

Quality competitiveness evaluation is a systematic project that uses a comprehensive evaluation method. Comprehensive evaluation is relative to single evaluation. The difference between them does not lie in the number of evaluation objects, but in the complexity of the evaluation criteria [50]. If we want to grasp the attributes or status of the evaluated object as a whole, we need to summarize multiple indicator information into a comprehensive indicator result. Due to the rich connotation of the concept and the complex constituent elements, quality competitiveness evaluation also has such characteristics. It needs to be carried out step by step according to the logical steps of the comprehensive evaluation method to achieve the purpose of monitoring the quality competitiveness level of the enterprise. The steps for establishing the quality competitiveness evaluation system in this article are shown in Figure 2.1:
Step 1: Clarify the evaluation objectives
In the preparation stage of system construction, we must first clarify the goal of quality competitiveness evaluation. We hope to achieve quantitative measurement of the quality competitiveness level of manufacturing enterprises by designing a quality competitiveness evaluation system that includes a data collection system, an evaluation index model, and an evaluation method tool. This will facilitate horizontal and vertical comparative analysis, provide a scientific basis for the company's own quality management improvement and the government's quality policy formulation, and become an effective tool to promote companies to enhance their quality competitiveness.
In addition, we also need to consider the subject, object and scope of quality competitiveness evaluation. The evaluation object is relatively clear. This system is mainly aimed at manufacturing enterprises. It is a meso-quality evaluation with enterprises as the basic evaluation unit. After collecting a large sample of enterprise quality competitiveness level data, it can form macro results of regions and industries, thereby achieving more targeted quality statistical information. As for the issue of the evaluation subject, in the introduction, we talked about the current government's high attention and strong demand for quality management performance evaluation, as well as the reality of the lack of a third-party social evaluation mechanism under my country's national conditions. Based on this background, the author believes that the users of this evaluation system can be government quality management departments, or third-party social organizations such as academic institutions, consulting companies, and the media. As long as the reliability of the data source is guaranteed, second- and third-party quality evaluations can be carried out. Enterprises themselves can refer to the components and indicators of the evaluation system and carry out quality management improvement activities in a planned manner.
Step 2: Build an evaluation model
Entering the design stage of the evaluation system, the construction of the index system usually goes through three links, namely "element construction-index preliminary selection-index optimization".[51] This study will first clarify the conceptual connotation of quality competitiveness according to the evaluation objectives, determine the model of the elements of quality competitiveness through literature research and analysis, and select evaluation indicators based on this in accordance with certain principles. Finally, an evaluation index system with scientific logic is formed by using appropriate comprehensive index design methods. This is the most important and critical work, and it is also the difficulty of the entire study. In addition to having a solid theoretical basis, the preliminary selection of evaluation indicators must also have certain practical significance. We will use questionnaire surveys and other forms to consult with personnel with quality management experience, so as to form a pre-selected set of evaluation indicators that are both theoretical and practical. On this basis, we will develop the "Questionnaire on the Level of Quality Competitiveness of Manufacturing Enterprises", apply different measurement methods to quantitative and qualitative indicators, and distribute them to the evaluated enterprises in the form of questionnaires.[52] We will process the questionnaire data based on a certain number of samples, analyze the recognition and redundancy of each indicator, and verify the reliability and validity of the indicator, so as to achieve the purpose of screening and optimization. The final output of this step is the quality competitiveness evaluation model, the optimized evaluation index system and the complete "Quality Competitiveness Level Survey Questionnaire for Manufacturing Enterprises".
Step 3: Determine the evaluation method
There are many options for modern comprehensive evaluation methods, such as the analytic hierarchy process, fuzzy comprehensive evaluation method, data envelopment analysis method, artificial neural network evaluation method, and gray comprehensive evaluation method. These evaluation methods have their own characteristics and uses. In this study, since the quality competitiveness index is relatively complex, including different levels and different categories, and also involves subjective and objective evaluation, a variety of methods will be integrated: the semantic difference membership method is used for the evaluation of qualitative indicators, and the analytic hierarchy process is combined with the principal component analysis method to determine the indicator weight. When the evaluation system is stable and enough historical data is accumulated, we can also combine the gray theory with the neural network method to predict the trend of the quality competitiveness level. The above methods together constitute a relatively complete set of quality competitiveness evaluation tools. In addition, after using various tools to process the data, a clear aggregation model of the quality competitiveness level of enterprises, regions, and industries will be proposed, and the calculation results will be normalized to divide the quality competitiveness evaluation level.
Step 4: Verify system effectiveness
On the basis of establishing a complete evaluation system, the effectiveness verification of the system is implemented. The quality competitiveness information of manufacturing enterprises in a certain region is collected in the form of a large sample questionnaire survey, the data source and calculation method of each statistical indicator are clarified, the data is processed according to the rules set by the system, and the central trend and discrete characteristics of the quality competitiveness level of all objects are statistically analyzed to verify the rationality and effectiveness of the system design. This step will be carried out in the fourth chapter in the form of a quality competitiveness evaluation case in a county in Zhejiang Province.
Step 5: Generate the final evaluation system
Through the gradual implementation of the above four steps, the indicator system and evaluation methods are continuously optimized, and finally a relatively complete quality competitiveness evaluation system including evaluation subjects and objects, evaluation elements and indicators, and evaluation tools is generated. If practical conditions permit, quality competitiveness information collection and evaluation software can be designed to efficiently, conveniently and accurately grasp the dynamic changes in the quality competitiveness level.
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Competitiveness evaluation has always been an important topic in competitiveness research. After theoretical analysis from the perspective of economics and management, it can be quantitatively expressed through statistical methods to show greater application value in comparison. At present, many levels of competitiveness evaluation activities have produced a great social and even international impact, such as the "Global Competitiveness Ranking" of the Swiss Institute of Management, the "Global City Competitiveness Ranking" of The Economist magazine, and the "Enterprise Competitiveness Ranking" of various analysis agencies.[53] Although there are differences in the indicators used by different evaluation entities, the direction of the evaluation indicators is basically the same. Jin (2003) divides enterprise competitiveness evaluation indicators into two categories: evaluation indicators and analytical indicators. Evaluation indicators, especially the display evaluation indicators, reflect the results of competition or the final performance of competitiveness, while analytical indicators reflect the causes or determinants of competitiveness.[54] Quality competitiveness is a sub-dimension of enterprise competitiveness. It evaluates a state of the enterprise. This state is composed of factors and results, and can also be regarded as an "input-output" evaluation framework. Therefore, in this article, we will refer to the ideas and methods of competitiveness evaluation. On the one hand, we will analyze the connotation and influencing factors of quality competitiveness to determine the analysis indicators, and on the other hand, we will summarize the external manifestations of quality competitiveness as evaluation indicators.
In Chapter 1, by reviewing the development of quality definition and competitiveness theory, we studied the connotation and characteristics of quality competitiveness and defined it as "in a competitive market, enterprises create products and services with high quality by comprehensively using their own advantageous resources and unique capabilities to win the satisfaction of customers and stakeholders and achieve their own sustainable development competitive advantage."[55] Based on this concept and combined with classic enterprise theories such as "resource-based view" and "capability view", this paper proposes four evaluation factors of quality competitiveness of manufacturing enterprises: quality basic resources, quality control capabilities, quality organizational environment and quality performance results. Among them, quality basic resources, quality control capabilities and quality organizational environment are analytical indicators, which represent the process of quality competitiveness and are the source of quality competitive advantage; quality performance results are evaluation indicators, which reflect the external manifestation of quality competitiveness. Combined with the development of quality definition and the needs of stakeholders, it is further decomposed into economic quality, physical quality, market quality and social quality.[56] The composition of quality competitiveness evaluation factors and the mechanism of obtaining competitive advantage are shown in Figure 2.1.

Figure 2.1 Composition of quality competitiveness evaluation factors and the mechanism for obtaining competitive advantage

[image: wps]
Source：made by author

(1) Quality basic resources
The resource view holds that an enterprise is a collection of tangible and intangible resources, and the resource base determines its strength and position in market competition [57]. Differentiated resources also lead to different quality competitiveness. Xiong Wei and Feng Xiaobin (2012) found through a study of Zhejiang enterprises that enterprise scale can significantly regulate the relationship between quality management practices (QMP) and enterprise performance, and large enterprises benefit more from quality management practices (QMP) than small enterprises.[58] Enterprise scale is actually a manifestation of resources, so in the factor model, the first thing to consider is the resource issue. In this study, we pay more attention to the basic resources (tangible resources) related to quality, including explicit and measurable factors such as people, finance, infrastructure, technology and information. The specific indicators will be expanded later. Since intangible resources involve management, relationships, tacit knowledge and other issues, it is difficult to directly quantify and integrate them into the scope of quality control capabilities and quality organizational environment.
(2) Quality control capabilities
The capability school believes that capability is the key skills and implicit knowledge possessed by an enterprise, and is a kind of intellectual capital possessed by an enterprise, ensuring that the enterprise can engage in production and operation activities more effectively in its own unique way. These special "intellectual capitals" are the source of enterprise decision-making and innovation, and determine the scale and boundaries of the enterprise. For quality, its formation runs through the entire process of market research, R&D design, production and manufacturing, sales service, and recycling. It is a value-added chain that identifies customer needs through market research, determines quality characteristics through R&D design, forms physical quality through production and manufacturing, realizes value transfer through storage and transportation sales, strives for customer satisfaction through after-sales service, and realizes environmental protection through recycling. Quality competitiveness should reflect the ability of an enterprise to operate all activities on this quality chain. We call it quality control capability, and its uniqueness is reflected in the word "comprehensive". Similar to the barrel principle, every link in the production of quality is very important. The lack of any link will increase quality loss or cause customer dissatisfaction. Quality control capability implies the organization's special intellectual capital structure. It is an ability for all employees to participate and integrate resources to produce excellent quality performance. There is sufficient reason to represent quality competitiveness.[59]
(3) Quality organizational environment
Compared with resources and capabilities, which can be expressed more directly, the quality organizational environment is more like an intangible resource or capability. It creates an environment for the organization to pursue excellent quality, relying on the awareness and strength of "people", mainly including "soft elements" of quality management practices such as quality culture, leadership commitment, team building, and employee participation [60]. The quality organizational environment will have a profound impact on the acquisition, utilization and transfer of quality resources, and the quality control capabilities of design, manufacturing, procurement, marketing and other links. It also has a significant effect on quality performance results, so it is an aspect of quality competitiveness evaluation.
This paper draws on the three evaluation factors constructed as "analysis indicators" from Western organizational theory, which are almost consistent with the "physical-material-human (WSR)" system approach proposed by Gu Jifa et al. (1998) in my country.[61] Quality basic resources simply examine a series of static and tangible resources related to quality that exist within the organization, including personnel, finance, infrastructure, technology, information, etc., which belong to the objective basis of "things". Quality control capabilities represent the process of enterprises using various management methods to transform various "material" resources into high-quality product or service outputs. It reflects "how to do" to improve efficiency and benefits, and uses the method of doing "things". [62]The quality organizational environment includes leadership commitment, employee participation, team building, etc., which are all centered on "people" and emphasize the impact of organizational culture and individual consciousness on quality. The three evaluation factors of quality basic resources, quality control capabilities and quality organizational environment are consistent with the traditional competitiveness theory's explanation of the source of corporate competitive advantage, and are in line with the "material-material-human" system philosophy. The author believes that they are more reasonable and appropriate.[63]
(4) Quality performance results
The connotation of quality varies depending on the user. The evaluation factors of quality competitiveness should take stakeholders into consideration. This is the inspiration we got from theoretical basic research. The international standard ISO90001 defines quality as "a set of inherent characteristics, the degree to which requirements are met."[64] This definition is very clever, and it does not specify whose "requirements" are.[65] In fact, quality should meet the requirements of stakeholders, including the enterprise itself, customers, society, and so on. As the output of the enterprise, quality performance results are a directly observable evaluation indicator. According to the different focus of its stakeholders, it is divided into four aspects: economic quality, physical quality, market quality, and social quality:
Economic quality is reflected in the company's own control over quality costs, whether it can produce high-quality products with optimal efficiency and obtain considerable economic benefits.
Physical quality focuses on the users (customers) of the goods. In theory, it includes intrinsic qualities such as practicality, durability, safety, technicality, and functional rationality, as well as external qualities such as color, style, texture, and packaging. Due to the huge differences between products in different industries, this study uses standards as the basis for measurement, and uses "qualified" and "up to standard" to characterize the quality of physical quality.
Market quality is aimed at the needs of customers and the market, and is reflected in intangible quality performance such as brand influence and customer satisfaction. Satisfaction is the real standard and important factor in the final evaluation of quality (refer to Fornell's ACSI model). Only when enterprises produce marketable, high-quality and low-cost products and provide high-quality services,
Only by attracting potential customers and winning loyal customers can we gain a higher credibility in the market, achieve sustainable economic benefits and a good social reputation.
Social quality is reflected in the responsibilities and obligations that enterprises should fulfill to the society during their operation, and mainly examines the two aspects of quality safety and environmental friendliness. Measuring social quality is an inevitable trend in economic structural adjustment and the realization of sustainable development, because the impact of quality is not only on customers, but also on the entire society. The purpose of proposing this indicator is to reflect the strong demand of the Chinese people today for "safety" and "environmental protection".[66]
The above introduces the four quality competitiveness evaluation factors proposed in this paper, including three "analysis indicators" such as quality basic resources, quality control capabilities, and quality organizational environment, and the "evaluation indicator" of quality performance results including economic quality, physical quality, market quality, and social quality, forming a binary evaluation structure of "cause"-"result" and "input"-"output". In the study of the relationship between quality management practice and quality performance, most scholars have reached a positive correlation conclusion [67][68], and quality management practice has an indirect impact on corporate performance with quality performance as the mediating variable. This explains some of the sources, manifestations, and mechanisms of their interaction of quality competitiveness. The inherent logic of the evaluation factor model in this paper is to invest sufficient quality basic resources, give full play to the quality control capabilities of the organization, and use the quality organizational environment to promote and ensure the rational use of resources and the continuous improvement of capabilities, so as to achieve excellent quality performance results, obtain economic benefits and satisfaction of stakeholders, and form a unique competitive advantage of enterprises in quality.
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2.3.1 Principles for selecting quality competitiveness evaluation indicators
Based on the evaluation factors of quality competitiveness, we will gradually develop the corresponding observation indicators. In the comprehensive evaluation method, the purpose principle, comprehensive principle, systematic principle, scientific principle and operability principle are regarded as the more common indicator selection principles [69][70], and this article also adopts this view. In addition, from the perspective of content, the quality competitiveness evaluation indicators should also be comparable and universal.
(1) Purpose principle: The composition of evaluation indicators should be developed around the purpose of the evaluation and should be closely related to the quality competitiveness evaluation elements. The purpose of designing this evaluation system is mainly two-fold: one is to use quantitative indicators to reflect and monitor the quality competitiveness level of manufacturing enterprises, and the other is to promote the improvement of the enterprise's own quality management through such monitoring. Based on this goal, the quality competitiveness evaluation system should select the most representative indicators that can highlight the evaluation content, which should not only achieve the evaluation intention but also have certain guiding significance.
(2) Principle of comprehensiveness: The quality competitiveness evaluation system is a system composed of multiple indicators. The evaluation indicators should cover various factors as comprehensively as possible, while making each evaluation indicator independent of each other. The ideal state is to form a complete set of indicators, although this is difficult to achieve under realistic conditions.
(3) Systematic principle: The quality competitiveness of an enterprise is the result of comprehensive factors. It is necessary not only to examine the most direct and obvious product quality and customer satisfaction, but also to trace the source and pay attention to the foundation and process of internal quality management. There is a certain connection mechanism between the various factors. The selection of indicators should have a clear hierarchy and internal logic, and can systematically reflect the connotation of quality competitiveness.
(4) Scientific principle: This system adopts a combination of qualitative and quantitative measurement methods, requiring that the calculation method of quantitative evaluation indicators should scientifically, reasonably and accurately reflect the content to be expressed by the indicators. Qualitative indicators can also objectively and truly measure non-quantitative factors. To this end, we will use the semantic differential membership method to design a relatively complete qualitative indicator questionnaire with clear and complete language representation to ensure the scientificity and effectiveness of the results.
(5) Operational principle: Evaluation indicators should be consistent with enterprise management theory and adapt to the level of economic development.
The evaluation model should be easy to obtain and operate. The construction of the evaluation model should be a combination of theory and practice. However, it is often difficult to collect all the required data under realistic conditions. Therefore, the availability of data should be fully considered when designing indicators. On the other hand, the evaluation results that reflect accurate situations are often at the cost of a lot of information and high costs. Considering the limitations of realistic conditions, indicators that are more representative and can effectively reflect the evaluation dimensions should be selected to improve the feasibility of operations.
(6) Comparability principle: In order to highlight the connotation of the concept of "competition", the evaluation indicators should realize the horizontal and vertical comparison functions.[70] The so-called horizontal comparison is to be able to realize the comparison between regions, industries and enterprises, reflecting the differences in the quality competitiveness levels at these three levels, finding gaps and analyzing reasons in the comparison, and learning from the benchmark. The vertical comparison is to ensure that the enterprise realizes dynamic comparison in time series to observe the effectiveness of its own quality improvement. Therefore, the final evaluation indicators are all presented in a quantitative way, requiring internal qualitative indicators to be quantified as well.
(7) Principle of universality: Different industries have very different requirements for quality. The evaluation system in this article is aimed at enterprises in various industries of the manufacturing industry. The indicator design should have strong universality and adopt the expression methods commonly used in quality management practice to make the evaluation process more convenient and the evaluation results closer to reality.
2.3.2 Method for selecting quality competitiveness evaluation indicators
(1) Evaluation indicator selection methodology
The selection of influencing factors and evaluation indicators in the evaluation of various social and economic systems is highly subjective and arbitrary. In response to this problem, Tian Zhiyou et al. (2005) proposed four mutually matching indicator system design methodological principles based on the philosophical thinking of combining "induction" and "deduction", "analysis" and "synthesis", and "local" and "overall" in materialist dialectics, which has strong practical value.[71] In this study, the selection of quality competitiveness evaluation indicators also has the risk of being subjective and arbitrary. The author will refer to the above methodological principles to solve this research difficulty.

Table 2.1 Methodological principles and main steps of the design of the socio-economic system evaluation index system and its application in this paper
	Principle name
	Main steps
	Application in this study

	From case induction to theoretical deduction
	1. Case induction mainly solves the problem of “what to summarize and how to summarize”.
2. Theoretical derivation: Based on the system characteristics reflected by common factors and the evaluation motivations reflected by differentiated factors, targeted theoretical tracing is carried out.
3. The above two steps are performed interactively.
	1. Review existing research results and focus on common evaluation indicators; use questionnaires to consult relevant quality experts on the indicators.
2. Use classical theories to construct evaluation criteria.
element model to form preliminary first-level indicators of quality competitiveness.

	From determining the influencing subject to decomposing the system structure
	1. Identify external entities that influence the state of the system.
2. Analyze how each major external entity influences the current system.
3. Structural decomposition of the system being evaluated.
4. Construct an analytical framework to describe system characteristics.
	Applied to the conception of the evaluation factor "quality performance results ", the quality demand subjects from enterprises, customers, markets and society are considered and decomposed into four sub-dimensions: economic quality, physical quality, market quality and social quality.

	Process traversal analysis
	1. Breadth traversal: divide the process of system state formation into links and stages, and horizontally find and determine the factors that can affect the system state.
2. In-depth traversal: for each stage and each specific link, examine in detail the system characteristics reflected in this part of the content.
	1. The evaluation content of enterprise competitiveness constructs a binary evaluation structure of "cause"-"result" and "input"-"output" .
2. Focus on three "cause" elements and one "result" element to further develop the characterization indicators.

	Combining the analysis of the evaluation subject's motivation with the evaluation object's perspective-taking
	1. Break down the evaluation subject’s evaluation motivation and list the main aspects that the subject is concerned about.
2. Put yourself in the shoes of the evaluation object and pay attention to its needs and uniqueness.
	1. Clarify the evaluation objectives and evaluation subjects. 2. Seek opinions from enterprises during trial evaluation.


Source: The author compiled this article based on reference [74]

(2) Evaluation index construction/preliminary selection method [72]
The above-mentioned principle of indicator system design methodology has greatly inspired this study from a macro perspective. At the operational level, there are many common methods for preliminary selection/construction of evaluation indicators, mainly including:
1. Comprehensive method: a construction method that clusters existing indicator groups according to certain standards to make them systematic. This method mainly draws on the research experience of predecessors, overcomes the arbitrariness caused by subjective cognition, and is based on the classification research of the existing indicator system. It cannot be used for new evaluation objects.
2. Analytical method: Divide the measurement object or measurement target of the indicator system into several evaluation subsystems, and gradually subdivide them into functional modules of each level of subsystems (usually three layers), until each part can be described by specific statistical indicators. This is the most basic and most commonly used method to construct an indicator system. The indicator system generated by systematic and scientific analysis of the evaluation object can reflect the representative characteristic attributes of the evaluation object.

However, the evaluation indicators are somewhat subjective due to the influence of the evaluator's own knowledge structure and level of understanding during the analysis process.
3. Crossover method: New statistical indicators are derived through two-dimensional, three-dimensional or multi-dimensional crossover (mostly multiplication and division calculations). The crossover method can reflect the comparison or coordination between two or three factors. For example, when evaluating economic benefits, a new evaluation indicator is constructed by cross-comparison of "input" and "output". This method needs to be combined with the characteristics of the evaluation object and has a limited scope of application.[73]
4. Indicator attribute grouping method: Conceive the indicator set from the perspective of indicator attributes. Generally, the indicators are divided into two categories: "dynamic" and "static", and then in each category, the indicators can be conceived from the perspectives of "absolute number", "relative number", "average number", etc. This method can construct an indicator system more comprehensively, but it is easy to cause duplication of indicators.
This study mainly uses comprehensive and analytical methods to construct a preliminary index system for quality competitiveness.
(3) Evaluation index screening and optimization methods [72]
Based on the initial selection of indicators, it is necessary to further study the correlation between indicators to avoid excessive indicators or information honor phenomenon and ensure the efficiency of the evaluation system. Common indicator screening methods include:
1. Recognition analysis - coefficient of variation method: The coefficient of variation is used to characterize whether the observed indicator can better distinguish the differences between the evaluated objects on the variable. It is one of the indicators commonly used in statistics to measure data differences. If all the evaluated objects almost consistently present high (or low) scores on a certain indicator, we can think that this evaluation indicator is difficult to identify the differences between different variables, the indicator recognition is very low, and the indicator has almost no measurement effect, so it can be deleted.
2. Identification analysis - minimum generalized variance method: In statistics, the information content of a single indicator is expressed by variance, and the information content of multiple indicators is measured by the generalized variance between indicators (the determinant value of the covariance matrix). After removing m indicators from the preliminary indicator set containing n indicators, the generalized variance of the remaining nm indicators reflects the information error of the removed indicators. When the generalized variance is small, it means that the amount of information contained in the removed indicators accounts for a very small proportion of the total indicator system information, and these nm indicators have a strong "representativeness".
3. Redundancy analysis: Redundancy refers to the degree of duplication in the calculation content between various evaluation indicators. Redundancy will increase the cost of measurement and reduce the effectiveness of evaluation results. Therefore, it is an issue that must be considered in indicator optimization. In actual calculations, formulas such as correlation coefficients, similarity coefficients, and correlation coefficients can usually be used to delete indicators with large correlation coefficients to reduce or eliminate the adverse effects caused by correlation.

[bookmark: _Toc24872]2.4 Construction and preliminary selection of quality competitiveness evaluation indicators
After introducing the principles and methods of selecting evaluation indicators, we will further construct and preliminarily select indicators based on the quality competitiveness evaluation factor model derived from theory in 2.2 . This study will adopt a combination of quantitative indicators and qualitative indicators. The advantage of qualitative indicators is that they can more accurately grasp the essential characteristics of comprehensive evaluation, give full play to the subjective initiative of people, and judge, analyze and compare the status, value level, quality, etc. of the evaluation object, but their objectivity may be insufficient; quantitative indicators are different. Their superiority is mainly reflected in accuracy and objectivity. Quantification is easier, and sometimes problems that qualitative indicators cannot detect can be found, such as low differentiation between indicators. The results of qualitative indicators are obtained in the "design form", that is, they are formed in the evaluation framework through pre-designed means such as questionnaires and scoring, while the results of quantitative indicators belong to the "completed form". Regardless of whether the evaluation is carried out, the results already exist objectively and only need to be calculated. Their values are not limited by the evaluation subject and evaluation time.
Based on the objective limitations of the evaluation purpose and data information collection, the author believes that quality competitiveness evaluation should be based on qualitative indicators and supplemented by quantitative indicators to jointly constitute an evaluation indicator set.
2.4.1 Theoretical research
first chapter, the theoretical basis, the theories related to quality management practice and quality performance have been reviewed and sorted out, and the main evaluation factors and evaluation indicators used in the current research on quality competitiveness in China have been sorted out. These representative literature materials provide us with good indicator materials. In the following work, the author will classify and sort out these relatively loose indicator systems according to the evaluation factor model derived by theory in 2.2 , and propose the quality competitiveness evaluation indicator set of this article 1, see Table 2.2 .
First, according to the evaluation factor model, the first-level indicators mainly include "quality basic resources", "quality control capabilities", "quality organizational environment" and "quality performance results", which together constitute a complete set of elements for quality competitiveness evaluation. The selection of second-level indicators also follows the principles proposed in 2.3.1 to ensure the comprehensiveness and mutual independence of indicators. The third-level indicators are mainly used to characterize the second-level indicators and are the direct measurement layer. In order to ensure the availability of data and the operability of measurement, a combination of qualitative and quantitative methods is adopted. According to the different nature of the indicators, the statistical methods include formula calculation, weighted assignment and evaluation questionnaire. Formula calculation is used for direct quantitative calculation, such as the proportion of people, the proportion of funds, the qualified rate and other quantitative performance indicators commonly used by enterprises; weighted assignment is used for objective indicators that cannot be directly calculated, such as the quality of personnel evaluated by academic qualifications, standards and patents of different levels, etc. These indicators can reflect the different degrees of evaluation content, and the specific weights are assigned by humans; the evaluation questionnaire mainly adopts the semantic difference membership method, referring to the management maturity questionnaire of the China Quality Association, to measure the subjective and qualitative indicators in the evaluation model, with 5 points as the highest score, and divided into 5 different score levels. Judging from the content of the three-level indicators, although from a broader level, quality is an output of corporate activities and has a certain relationship with all the resources and work processes of the organization, the depth of this relationship varies greatly. Therefore, what is emphasized and selected in this article are those parts that are closely related to quality performance, including major operational links such as technology, procurement, production and those most direct quality management activities in the usual sense.[75]
Quality basic resources (Resources) include five secondary indicators: R1 human resources, R2 financial resources, R3 infrastructure, R4 technical resources and R5 information resources. They are used to sort out all tangible resources in the organization from the perspective of quality. In R1 human resources, we are more concerned about the number and quality of enterprise technical R&D personnel and quality management personnel, and use the proportion of people and personnel quality as the third-level indicators for measurement. Among them, personnel quality is mainly distinguished by academic qualifications and professional titles, and weighted assignment calculation is performed in the questionnaire. For example, in the measurement of the quality of quality management personnel, we basically cover all authoritative personal honors or professional titles in the field of domestic quality management, such as chief quality officer, registered quality engineer, etc., to maximize the quality level of quality management personnel, and the setting of this indicator is also intended to indirectly promote the selection and training of quality management talents in enterprises. R2 financial resources mainly hope to reflect the investment of enterprises in research and development, technological improvement and quality training. First, it takes into account the availability of financial data, and second, it is necessary to grasp the key financial resources that can reflect quality competitiveness. The general view in the field of quality management is that quality is not only tested, but also manufactured and even designed. It has undergone an evolution from ex post control to ex ante control. The necessary financial investment in key processes such as R&D, technical transformation and training is the basis for ensuring the smooth progress of enterprise quality management activities and manufacturing products with market competitiveness. R3 Infrastructure reflects the production and testing equipment used for manufacturing quality. The degree of advancement of hardware facilities has a great impact on the quality of the final product. R4 The indicators used in technical resources are similar to the commonly used performance indicators in the field of technological innovation management, with the strength of scientific research institutions, standards and patents as the main measurement objects. R5 Information resources examines the knowledge accumulation and information construction of enterprises in the field of quality management. Due to the intangible nature of information resources, this indicator is difficult to evaluate. This article only uses questionnaires for measurement, and the number of three-level indicators is relatively small.
Quality control capabilities (Capacities) cover 9 common quality management practices such as customer focus and new product development, and are mainly evaluated by qualitative questionnaires. For any organization, the measurement of capabilities is also very difficult due to its intangibility. We can judge capabilities through some activities. In the literature review section, domestic and foreign research on the main activities of quality management has been very in-depth, and the existing indicators listed in Table 2.2 have become our alternative reference. Considering the quality chain structure of the entire operation link, the secondary indicators include system construction from a global perspective and key links such as marketing, R&D, production, procurement, and quality inspection. Each secondary indicator is expanded into 1~2 qualitative questions to measure the current enterprise quality management practices in a relatively intuitive way. In the design of the questions, the benchmarking practices in the internationally recognized performance excellence model are taken as the highest level, and 5 levels are distinguished in descending order. Taking C21 customer demand understanding as an example, the question is set as "Does your company investigate the products that customers expect and respond in a timely manner?" The five options show the five levels of companies' understanding of customer needs, from low to high: "1. Develop new products from the perspective of designers, and hardly do market analysis", "2. Improve and develop products based on feedback from existing customers", "3. Obtain market demand information through industry production and sales data, and research and develop new products", "4. Comprehensively collect and analyze customer needs and trends through multiple channels such as market surveys", and "On the basis of 4, R&D personnel often go deep into the market to listen to the voice of customers."[77]
The quality organizational environment is similar to the quality control capability. It extracts the culture, learning and other aspects of the quality management practice theory and focuses on the indirect role of people in quality management. It also uses qualitative evaluation. The secondary indicators include 7 aspects: 01 quality leadership, 02 quality culture, 03 quality awareness, 04 employee participation, 05 team building, 06 employee satisfaction, and 07 performance appraisal. The tertiary indicators are developed in the form of questions.
The quality performance results include four main dimensions: P1 economic quality, P2 physical quality, P3 market quality, and P4 social quality. The three-level indicators developed not only combine the commonly used indicators of theoretical research in Table 2.3, but also refer to the relatively authoritative statistical indicators in the field of quality management in my country. For example, in the industrial product quality indicators promulgated by the General Administration of Quality Supervision, Inspection and Quarantine, we use indicators such as "quality loss rate", "new product sales share", and "quality grade rate" to ensure that data can be obtained and calculated more quickly.[78]

Table 2.2 Evaluation index set of quality competitiveness of manufacturing enterprises 1
	Evaluation factors (first level indicators)
	Subdimension
(Secondary indicator)
	Observation indicators (third-level indicators)
	Indicator Category
	Statistical methods

	
	
	R11 technical R&D personnel ratio
	Quantification
	Formula calculation

	
	
	R12 Technical R&D Personnel Quality
	Qualitative
	Weighted Assignment

	
	
	R13 Proportion of quality management personnel
	Quantification
	Formula calculation

	
	RI Human Resources
	R14Quality of quality management personnel
	Qualitative
	Weighted Assignment

	Quality Basic Resources
	
	R21 Research and development expenditure ratio
	Quantification
	Formula calculation

	
	R2 Financial Resources
	R22 Technology Improvement Funding Percentage
	Quantification
	Formula calculation

	
	R2 Financial Resources
	R23 Proportion of quality training funds
	Quantification
	Formula calculation

	
	
	R31 Advanced production equipment
	Qualitative
	Evaluation Questionnaire

	
	R3 Infrastructure
	R32 Inspection and Testing Equipment Advancement
	Qualitative
	Evaluation Questionnaire

	
	
	R41 R&D Institutional Strength
	Qualitative
	Weighted Assignment

	
	
	R42 standard implementation
	Qualitative
	Weighted Assignment

	
	
	R43 Participate in the formulation and revision of standards
	Qualitative
	Weighted Assignment

	
	R4 Technical Resources
	R44 Patents
	Qualitative
	Weighted Assignment

	Quality Basic Resources
	
	R51 Quality Knowledge System Construction
	Qualitative
	Evaluation Questionnaire

	
	R5 Information Resources
	R52 Quality Information System Construction
	Qualitative
	Evaluation Questionnaire

	
	
	C11 External evaluation of quality management system
	Qualitative
	Weighted Assignment

	
	C1 Quality System Construction
	Internal operation of C12 quality management system
	Qualitative
	Evaluation Questionnaire

	
	
	C21 Understanding Customer Needs
	Qualitative
	Evaluation Questionnaire

	
	C2 Focus on customers
	C22 Customer Satisfaction Measurement
	Qualitative
	Evaluation Questionnaire

	
	
	C31 Product Planning
	Qualitative
	Evaluation Questionnaire

	
	C3 New Product Development
	C32 New Product Development Process
	Qualitative
	Evaluation Questionnaire

	
	
	C41 Raw Material Quality Control
	Qualitative
	Evaluation Questionnaire

	
	C4 Supply Management
	C42 Supplier Management
	Qualitative
	Evaluation Questionnaire

	
	
	C51 Process Optimization Method
	Qualitative
	Evaluation Questionnaire

	
	C5 production process control
	C52 Process Quality Control
	Qualitative
	Evaluation Questionnaire

	
	C6 Equipment Management
	C61 Equipment Management
	Qualitative
	Evaluation Questionnaire

	
	
	C71 Metering System Management
	Qualitative
	Evaluation Questionnaire

	
	C7 Metrology Inspection
	C72 Product Inspection
	Qualitative
	Evaluation Questionnaire

	Quality control capabilities
	C8 Statistical Process Control
	C81 Statistical Process Control
	Qualitative
	Evaluation Questionnaire

	
	C9 Quality Tools Use
	C91 Quality Tools Use
	Qualitative
	Weighted Assignment

	Quality Organization Environment
	01Quality Leadership
	O11 Leadership Participation
	Qualitative
	Evaluation Questionnaire

	
	
	012 Functional Construction
	Qualitative
	Evaluation Questionnaire

	
	
	013Quality Responsibility
	Qualitative
	Evaluation Questionnaire

	
	02Quality Culture
	021Quality Culture
	Qualitative
	Evaluation Questionnaire

	
	03Quality Awareness
	031 Quality Awareness
	Qualitative
	Evaluation Questionnaire

	
	04Employee Engagement
	041Employee Participation
	Qualitative
	Evaluation Questionnaire

	
	05Team Building
	051Team Building
	Qualitative
	Evaluation Questionnaire

	
	06Employee satisfaction
	061Employee Satisfaction
	Qualitative
	Evaluation Questionnaire

	
	07Performance Appraisal
	071 Performance Appraisal
	Qualitative
	Evaluation Questionnaire

	Quality Performance Results
	P1 Economic Quality
	P11 mass loss rate
	Qualitative
	Formula calculation

	
	P2 Physical Quality
	P21 First inspection pass rate
	Qualitative
	Formula calculation

	
	
	P22 Supervision and random inspection to see if it is qualified
	Qualitative
	Weighted Assignment

	
	
	P23 quality grade rate
	Qualitative
	Formula calculation

	
	P3 Market Quality
	P31 Customer Satisfaction
	Qualitative
	Formula calculation

	
	
	P32 Market share of leading products
	Qualitative
	Formula calculation

	
	
	P33 New product sales share
	Qualitative
	Formula calculation

	
	
	P34 Brand building status
	Qualitative
	Weighted Assignment

	
	P4 Social Quality
	P41 Quality and Safety Management
	Qualitative
	Evaluation Questionnaire

	
	
	P42 Environmental Monitoring
	Qualitative
	Evaluation Questionnaire

	
	
	P43 Comprehensive energy consumption of 10,000 yuan output value
	Qualitative
	Formula calculation



2.4.2 Questionnaire survey
In order to improve the scientificity and feasibility of the evaluation indicators, this study used a questionnaire survey to consult 22 quality management workers from multiple manufacturing industries and quality supervision department staff with rich quality evaluation experience to solicit their opinions on the evaluation indicator set 1 of the quality competitiveness of manufacturing enterprises. In order to improve the research efficiency, we designed the "Expert Questionnaire on Evaluation Indicators and Importance of Quality Competitiveness of Manufacturing Enterprises" [79]. On the one hand, we investigated the rationality of the indicator setting, and on the other hand, we used the hierarchical analysis method to conduct expert scoring and confirm the weights of the first and second-level indicators for subsequent research. From the feedback results of the questionnaire, the experts basically agreed with the classification logic of the four first-level indicators. Several opinions were put forward on the selection of second-level indicators: C6 equipment management scope is too large. Although it is an important operation link, its direct correlation with quality is not high, so it is recommended to abandon it; C8 statistical process control is a kind of quality management tool, and it is quite different from the summary angle of C2-C7. It is recommended to use it as a quality management tool for the evaluation of C9. 03 Quality awareness and 04 employee participation belong to the spiritual and behavioral aspects of quality culture, and should be attributed to 02 quality culture. There are too few economic quality evaluation indicators. It is recommended to decompose the P11 quality loss rate into internal quality loss rate and external quality loss rate.
2.4.3 Pre-selected set of evaluation indicators
Through theoretical research and expert questionnaire surveys, we have preliminarily established an evaluation index system for measuring the quality competitiveness of manufacturing enterprises, as shown in Table 3.3. We use observation indicators (three-level indicators) as the pre-selected set of evaluation indicators, and on this basis develop the "Questionnaire on the Level of Quality Competitiveness of Manufacturing Enterprises".[80]



Table 2.3 Evaluation index set of quality competitiveness of manufacturing enterprises 2
	Evaluation factors
(First-level indicator)
	Subdimension
(Secondary indicator)
	Observation of lipid markers
(Level 3 indicator)
	index
category
	statistics
method

	Quality Basic Resources
	R2 Financial Resources
	F23 Proportion of quality training funds
	Quantification
	Formula calculation

	
	R3 Infrastructure
	R31 Advanced production equipment
	Qualitative
	Evaluation Questionnaire

	
	
	R32 Inspection and Testing Equipment Advancement
	Qualitative
	Evaluation Questionnaire

	
	R4 Technical Resources
	R41 R&D Institutional Strength
	Qualitative
	Weighted Assignment

	
	
	R42 standard implementation
	Qualitative
	Weighted Assignment

	
	
	R43 Participate in the formulation and revision of standards
	Qualitative
	Weighted Assignment

	
	
	R44 Patents
	Qualitative
	Weighted Assignment

	
	R5 Information Resources
	R51 Quality Knowledge System Construction
	Qualitative
	Evaluation Questionnaire

	
	
	R52 Quality Information System Construction
	Qualitative
	Evaluation Questionnaire

	Quality control capabilities
	C1 Quality System Construction
	C11 External evaluation of quality management system
	Qualitative
	Weighted Assignment

	
	
	Internal operation of C12 quality management system
	Qualitative
	Evaluation Questionnaire

	
	C2 Focus on customers
	C21 Understanding Customer Needs
	Qualitative
	Evaluation Questionnaire

	
	
	C22 Customer Satisfaction Measurement
	Qualitative
	Evaluation Questionnaire

	
	C3 New Product Development
	C31 Product Planning
	Qualitative
	Evaluation Questionnaire

	
	
	C32 New Product Development Process
	Qualitative
	Evaluation Questionnaire

	
	C4 Supply Management
	C41 Raw Material Quality Control
	Qualitative
	Evaluation Questionnaire

	
	
	C42 Supplier Management
	Qualitative
	Evaluation Questionnaire

	
	C5 production process control
	C51 Process Optimization Method
	Qualitative
	Evaluation Questionnaire

	
	
	C52 Process Quality Control
	Qualitative
	Evaluation Questionnaire

	
	C6 Equipment Management
	C61 Equipment Management
	Qualitative
	Evaluation Questionnaire

	
	C7 Metrology Inspection
	C71 Metering System Management
	Qualitative
	Evaluation Questionnaire

	
	
	C72 Product Inspection
	Qualitative
	Evaluation Questionnaire

	
	C8 Statistical Process Control
	C81 Statistical Process Control
	Qualitative
	Evaluation Questionnaire

	
	C9 Quality Tools Use
	C91 Quality Tools Use
	Qualitative
	Weighted Assignment



2.4.4 Preprocessing of quantitative and qualitative indicators

The scalarization of the three-level indicators is a very important step in the evaluation process. Before assigning weights to the indicators, the quantitative indicators must be standardized and the qualitative indicators must be quantified and assigned values to ensure that the measurement of each evaluation indicator in its evaluation sample remains consistent.
(1) Standardization of quantitative indicators
Standardization of quantitative indicators refers to the process of eliminating the dimension effect of original data through mathematical transformation and making the evaluation indicators dimensionless. The main standardization methods used in practice include standard transformation method, index transformation method, and efficacy coefficient method.
In the standard transformation method, the transformed statistical value is,i=1,2,.,n. Among them, x, is the i-th
The observed value on the individual, the mean value of the variable in all n individuals is x, and the standard deviation is S. After the standardized transformation, the index forms a population with a mean of 0 and a variance of 1. Since the standard deviation unit is the same as the observed index, the transformed statistical value is dimensionless.
The index transformation method is a commonly used and concise dimensionless method. In this method, a certain index value in the population is first used as the standard value (the maximum value, minimum value or average value can be taken according to the situation), and each individual observation value is compared with the standard value, and the ratio is used as the transformed statistical value. After this transformation, the measurement unit of the evaluation index can be eliminated, and a unified order of magnitude can be obtained.
The efficacy coefficient method is also called the efficacy function method. First, a satisfactory value and an unacceptable value are determined for each evaluation indicator, which are used as the upper and lower limits of the degree to which each indicator achieves a satisfactory value. The scores of each indicator are determined based on this, and finally the scores are combined in a weighted average. The common efficacy coefficient method calculation formula is:
[image: ]
Among them, x(h) is the satisfactory value (often the optimal value), x(s) is the unacceptable value (often the worst value), C₁ represents the "translation amount" of the transformed value, that is, the actual basic score, and C₂ is the multiple of "magnification" or "reduction" of the transformed value. Generally speaking, C₁=60, C₂=40 can be taken, that is, the basic score is 60 and the highest score is 100.
According to this idea, we can further divide the standard value into multiple levels, such as excellent, good, average, poor, and very poor, and use formula (2-1) to process the scores.
This time, the average method is used to divide the population into 6 segments according to the mean. The method is as follows: first, calculate the average of all sample data of the indicator, and use it as the overall "average value" x₃ of the evaluation standard value; next, among all sample data, screen out sample data greater than the "average value" x₂, and calculate its average value as the "good value" x₄ of the evaluation standard value; further screen out sample data greater than the "good value" x₄, and calculate its average value as the "excellent value" x₅ of the evaluation standard value; similarly, the "poor value" (x₂) and "very poor value" (x₁) of the evaluation standard value can be calculated. Take 5, 4, 3, 2, 1, and 0 as the basic scores of each interval segment, and 1 as the "magnification" multiple, then the transformation formula is:
[image: ]
Among the above quantitative index standardization methods, the standardized transformation method and the index transformation method are simple to operate and easy to calculate. However, in the standardized transformation method, the overall mean after transformation is 0, the variance is 1, and the statistical values are positive and negative. If the index transformation method uses the maximum value as the standard value, the overall transformed value is between 0 and 1. When the quantitative results of qualitative indicators are weighted averaged, such a distribution can easily reduce the weight of quantitative indicators in disguise, causing a large deviation in the comprehensive results. Therefore, the quantitative indicators in this study are standardized using the above-mentioned multi-level efficacy coefficient method to ensure consistency in measurement with qualitative indicators.
(2) Quantification and assignment of qualitative indicators
Qualitative indicators are mainly used to conduct subjective evaluations of a certain issue through questionnaire surveys, and have great openness and flexibility in the content of the options. In order to enable the questionnaire fillers to understand the meaning of the qualitative indicator questions more accurately, this study uses the semantic difference membership method to divide the qualitative indicators into five levels: excellent, good, general, poor, and very poor, and puts forward clear and specific requirements for the indicators reflected by the content of each level, and establishes a corresponding relationship between each level and the membership. According to the trend of the indicator content, the evaluation values of the corresponding indicators for each level are 5, 4, 3, 2, and 1 respectively. The qualitative indicator evaluation refers to the design of some questions in the "National Enterprise Quality Management Status Survey" of the China Quality Association. The survey is the result of the joint design of many domestic quality management experts and is highly scientific and feasible.
In addition, some indicators adopt the weighted assignment method. For example, the indicator "R43 Participation in the formulation and revision of standards" can be divided into three levels: international, national and industry standards. There are also differences between "formulation" and "revision", which are very different in the degree of performance. Therefore, it is necessary to quantify and assign values to qualitative indicators. By describing and assigning values to different performance levels, the ability to distinguish qualitative indicators can be improved.

[bookmark: _Toc20197]2.5 Screening and optimization of quality competitiveness evaluation indicators

The screening and optimization of evaluation indicators need to be carried out under sample conditions. For this reason, this study will combine the application cases of the evaluation system and use the data for indicator screening and optimization before formally measuring the quality competitiveness level of J County, Zhejiang Province. Based on the pre-selected set of indicators, combined with some questions in the "National Enterprise Quality Management Status Survey Form" of the China Quality Association, we designed and developed the "Manufacturing Enterprise Quality Competitiveness Evaluation Questionnaire" (Appendix 2), which includes basic information and attributes of the enterprise, quantitative indicators calculated by formulas, qualitative indicators with weighted assignments, and qualitative indicators evaluated using the semantic difference membership method.
Taking advantage of the opportunity of "government-school" cooperation, we distributed questionnaires to 500 manufacturing enterprises above a certain scale (with main business income of RMB 20 million or more) in the county with the help of the quality inspection department of J County, and collected 470 valid questionnaires (deleting those that were not filled in or not completed), with a recovery rate of 94%. [81]After coding and arranging the data, the three types of indicators were preprocessed using the method mentioned in 2.4.4, so that each indicator value was in the range of 1 to 5 points.
2.5.1 Recognition Analysis
[image: ]In practice, the coefficient of variation is usually used to represent the recognition of an indicator[82]. Let V₁ represent the standard deviation of indicator X; and X₂ represent the average value of indicator X. Then the recognition can be obtained by the following formula:
We used SPSS18.0 to conduct descriptive statistical analysis on the 49 third-level indicators and calculated the recognition degree. The results are shown in Table 2.4 0.15 was selected as the critical value [83]. The indicator P22 was deleted for supervision and random inspection, and 48 indicators remained.
Table 2.4 Identification of each indicator
	index
	average value
	Standard Deviation
	Recognition
	index
	average value
	Standard Deviation
	Recognition

	R11
	3.3
	0.66
	0.2
	C61
	3.25
	0.57
	0.175

	R12
	3.32
	0.703
	0.212
	C62
	3.3
	0.524
	0.159

	R13
	3.49
	0.807
	0.231
	C71
	2.55
	0.665
	0.261

	R14
	3.51
	0.824
	0.235
	O11
	3.12
	0.582
	0.187

	R21
	2.62
	0.808
	0.308
	012
	3.5
	0.683
	0.195

	R22
	3.4
	0.555
	0.163
	013
	3.54
	0.708
	0.2

	R23
	3.43
	0.695
	0.203
	021
	3.36
	0.609
	0.181

	R31
	3.65
	0.635
	0.174
	022
	3.19
	0.604
	0.189

	R32
	2.68
	0.67
	0.25
	023
	2.64
	0.917
	0.347

	R41
	3.27
	0.615
	0.188
	031
	3.29
	0.775
	0.236

	R42
	3.12
	0.634
	0.203
	041
	3.14
	0.534
	0.17

	R43
	3.24
	0.578
	0.178
	051
	3.47
	0.902
	0.26

	R44
	3.3
	0.675
	0.205
	P11
	3.52
	0.674
	0.191

	R51
	3.12
	0.565
	0.181
	P12
	3.33
	0.645
	0.194

	R52
	3.22
	0.574
	0.178
	P21
	3.27
	0.705
	0.216

	C11
	3.35
	0.73
	0.218
	P22
	4.67
	0.533
	0.114

	C12
	2.26
	0.665
	0.294
	P23
	3.39
	0.594
	0.175

	C21
	2.58
	0.577
	0.224
	P31
	3.28
	0.65
	0.198

	C22
	3.3
	0.573
	0.174
	P32
	2.65
	0.541
	0.204

	C31
	3.36
	0.716
	0.213
	P33
	3.53
	0.691
	0.196

	C32
	3.26
	0.704
	0.216
	P34
	3.44
	0.599
	0.174

	C41
	2.49
	0.816
	0.328
	P41
	3.57
	0.663
	0.186

	C42
	3.31
	0.815
	0.246
	P42
	3.29
	0.693
	0.211

	C51
	3.21
	0.576
	0.179
	P43
	3.55
	0.634
	0.179

	C52
	3.11
	0.549
	0.177
	
	
	
	


Source: Based on questionnaires

2.5.2 Redundancy analysis
The valid data were input into SPSS18.0 statistical software to calculate the correlation coefficients among the 48 indicators, and the critical value of 0.6 [84] was given as the standard. The results showed that the correlation coefficients of most of the 48 indicators were lower than the critical value of 0.6, among which the P21 first inspection pass rate had a high correlation with the C41 raw material quality control, C51 process optimization method, and C52 process quality control indicators. This was mainly because of their internal causal relationship and they were not under the same secondary indicator. We did not regard them as redundant indicators and retained them.
The final set of quality competitiveness evaluation indicators is shown in Table 2.5 .

Table 2.5 Evaluation index set of quality competitiveness of manufacturing enterprises 3
	Evaluation factors
	Subdimension
	Observation indicators
	Index
	Statistics

	(First-level indicator)
	(Secondary indicator)
	(Level 3 indicator)
	category
	method

	Quality Basic Resources
	R1 Human Resources
	R11 technical R&D personnel ratio
	Quantification
	Formula calculation

	
	
	R12 Technical R&D Personnel Quality
	Qualitative
	Weighted Assignment

	
	
	R13 Proportion of quality management personnel
	Quantification
	Formula calculation

	
	
	R14Quality of quality management personnel
	Qualitative
	Weighted Assignment

	
	R2 Financial Resources
	R21 Research and development expenditure ratio
	Quantification
	Formula calculation

	
	
	R22 Technology Improvement Funding Percentage
	Quantification
	Formula calculation

	
	
	R23 Proportion of quality training funds
	Quantification
	Formula calculation

	
	R3 Infrastructure
	R31 Advanced production equipment
	Qualitative
	Evaluation Questionnaire

	
	
	R32 Inspection and Testing Equipment Advancement
	Qualitative
	Evaluation Questionnaire

	
	R4 Technical Resources
	R41 R&D Institutional Strength
	Qualitative
	Weighted Assignment

	
	
	R42 standard implementation
	Qualitative
	Weighted Assignment

	
	
	R43 Participate in the formulation and revision of standards
	Qualitative
	Weighted Assignment

	
	
	R44 Patents
	Qualitative
	Weighted Assignment

	
	R5 Information Resources
	R51 Quality Knowledge System Construction
	Qualitative
	Evaluation Questionnaire

	
	
	R52 Quality Information System Construction
	Qualitative
	Evaluation Questionnaire

	Quality control capabilities
	C1 Quality System Construction
	C11 External evaluation of quality management system
	Qualitative
	Weighted Assignment

	
	
	Internal operation of C12 quality management system
	Qualitative
	Evaluation Questionnaire

	
	C2 Focus on customers
	C21 Understanding Customer Needs
	Qualitative
	Evaluation Questionnaire

	
	
	C22 Customer Satisfaction Measurement
	Qualitative
	Evaluation Questionnaire

	
	C3 New Product Development
	C31 Product Planning
	Qualitative
	Evaluation Questionnaire

	
	
	C32 New Product Development Process
	Qualitative
	Evaluation Questionnaire

	
	C4 Supply Management
	C41 Raw Material Quality Control
	Qualitative
	Evaluation Questionnaire

	
	
	C42 Supplier Management
	Qualitative
	Evaluation Questionnaire

	
	C5 production process control
	C51 Process Optimization Method
	Qualitative
	Evaluation Questionnaire

	
	
	C52 Process Quality Control
	Qualitative
	Evaluation Questionnaire

	
	C6 Metrology Inspection
	C61 Metering System Management
	Qualitative
	Evaluation Questionnaire

	
	
	C62 Product Inspection
	Qualitative
	Evaluation Questionnaire

	Quality control capabilities
	C7 Quality Tool Use
	C71 Quality Tool Use
	Qualitative
	Weighted Assignment

	Quality Organization Environment
	01Quality Leadership
	011Leadership Participation
	Qualitative
	Evaluation Questionnaire

	
	
	012 Functional Construction
	Qualitative
	Evaluation Questionnaire

	
	
	013Quality Responsibility
	Qualitative
	Evaluation Questionnaire

	
	02Quality Culture
	021 Quality Culture Construction
	Qualitative
	Evaluation Questionnaire

	
	
	022Quality Awareness
	Qualitative
	Evaluation Questionnaire

	
	
	023Employee Participation
	Qualitative
	Evaluation Questionnaire

	
	03Team Building
	031Team Building
	Qualitative
	Evaluation Questionnaire

	
	04Employee satisfaction
	041Employee Satisfaction
	Qualitative
	Evaluation Questionnaire

	
	05Performance Appraisal
	051 Performance Appraisal
	Qualitative
	Evaluation Questionnaire

	Quality Performance Results
	P1 Economic Quality
	P11 Internal mass loss rate
	Quantification
	Formula calculation

	
	
	P12 External mass loss rate
	Quantification
	Formula calculation

	
	F2 physical quality
	P21—First inspection pass rate
	Quantification
	Formula calculation

	
	
	P22 quality grade rate
	Quantification
	Formula calculation

	
	F3 Market Quality
	P31 Customer Satisfaction
	Quantification
	Formula calculation

	
	
	P32 Market share of leading products
	Quantification
	Formula calculation

	
	
	P33 New product sales share
	Quantification
	Formula calculation

	
	
	P34 Brand building status
	Qualitative
	Weighted Assignment

	
	F4 Social Quality
	F41 Quality and Safety Management
	Qualitative
	Evaluation Questionnaire

	
	
	F42 Environmental monitoring situation
	Qualitative
	Evaluation Questionnaire

	
	
	P43 Comprehensive energy consumption of 10,000 yuan output value
	Quantification
	Formula calculation


Source: This study proposes


[bookmark: _Toc28548]2.6 Determination of weights of quality competitiveness evaluation indicators
Commonly used methods for determining indicator weights include principal component analysis and hierarchical analysis. The principal component analysis method uses sample data as the basis for calculating weights, has strong objectivity, and the generation process is relatively simple. The hierarchical analysis method contains the evaluation purpose and logical conception of the evaluator, and is more subjective. If the two are combined, their advantages complement each other, and the weight setting will be more scientific and reasonable.
Principal component analysis is a dimensionality reduction method that uses fewer variables to explain most of the variables in the original data. It can be used to screen indicators and determine weights. In a statistical sense, the weights determined by principal component analysis are the contribution rate of each indicator to the overall variance. The calculation steps are usually as follows: 1) Standardize the data; 2) Calculate the correlation coefficient matrix; 3) Set the numbers on the off-diagonal lines to 0 through orthogonal transformation, and then add them to the main diagonal; 4) Find the characteristic roots of the characteristic equation and arrange the characteristic roots in order from large to small; 5) Find the eigenvectors corresponding to each characteristic root; 6) Calculate the contribution rate of each characteristic root.
The analytic hierarchy process is the most commonly used qualitative method for weight determination in decision making. This method decomposes a complex multi-objective decision problem into multiple objectives and levels, and calculates the single and total rankings of the levels through the fuzzy quantification method of qualitative indicators as a solution for optimizing decision making. The main steps include: 1) Establishing a system hierarchy model; 2) Analyzing the relationship between the elements in the listed levels, constructing a pairwise comparison judgment matrix, and using a comparison scale of 1-9 to compare the importance of each element of the same level with respect to a certain criterion in the previous level; 3) Calculating the relative weight of the compared elements to the criterion from the judgment matrix, and performing a consistency test on the judgment matrix; 4) Calculating the total ranking weight of each level for the system and ranking them; 5) Obtaining the total ranking of each plan for the overall goal.
In the previous article, we have consulted 22 quality management experts for their opinions when distributing the "Expert Questionnaire on Evaluation Indicators and Importance of Quality Competitiveness of Manufacturing Enterprises", and used AHP software to calculate the weights of indicators at all levels. In order to make the setting of the weights of indicators at all levels in the model more scientific and reasonable, this paper combines the principal component analysis method with the hierarchical analysis method, and further weights the weights calculated by the two methods according to a certain ratio (1:2).
Taking "R1 Human Resources" as an example, first collect the importance evaluation values of the three-level indicators R11, R12, R13, and R14 from 22 experts, input them into the AHP calculation software, calculate the weights of these four indicators, take the average value of the 22 experts for each indicator, and get the weights wam, WAaA₂, Wa₃, Wan₄;
[image: ]Next, the factor analysis tool in SPSS18.0 is used to calculate the contribution rate of each characteristic root, and the principal component analysis weights WPca11, WPCA12, WPCA13, and WPCA14 are obtained; the final weight value of R11 is calculated at a ratio of 1:2:
The calculation methods for other indicators are the same as above. The secondary indicators are calculated based on the principal component analysis weights after the tertiary indicators are confirmed. At the same time, in order to reflect the conception of the quality competitiveness evaluation factor model, we artificially set the weights of the four evaluation factors to be equal to 0.25. The final weight indicator system is shown in Table 2.6 .

Table 2.6 Weights of evaluation indicators for quality competitiveness of manufacturing enterprises
	Evaluation factors (first level indicators)
	Subdimension
	Observation indicators (third-level indicators)

	
	(Secondary indicator)
	

	
	
	R11 technical R&D personnel ratio (0.231)

	
	
	R12 Quality of technical R&D personnel (0.233)

	
	
	R13 Proportion of quality management personnel (0.262)

	
	RI Human Resources (0.232)
	R14 Quality management personnel quality (0.274)

	
	
	R21 Research and development funding ratio (0.395)

	
	
	R22 Technology improvement funding ratio (0.247)

	Quality Basic Resources
	R2 Financial Resources (0.213)
	R23 Quality training funding ratio (0.358)

	0.25
	
	R31 Advancedness of production equipment (0.512)

	
	R3 Infrastructure (0.208)
	R32 Inspection and testing equipment advancement (0.488)

	
	
	R41 R&D organization strength (0.164)

	
	
	R42 standard implementation (0.225)

	
	
	R43 Participate in the formulation and revision of standards (0.261)

	
	R4 Technical Resources (0.191)
	R44 patent quantity (0.350)

	Quality Basic Resources
	
	R51 Quality knowledge system construction (0.500)

	0.25
	R5 Information Resources (0.156)
	R52 Quality Information System Construction (0.500)

	
	CI quality system construction (0.152)
	C11 Quality Management System External Evaluation (0.515)

	
	
	C12 Internal operation of quality management system (0.485)

	
	
	C21 Understanding of customer needs (0.500)

	
	C2 Focus on customers (0.138)
	C22 Customer satisfaction measurement (0.500)

	
	
	C31 Product Planning (0.427)

	
	C3 New Product Development (0.131)
	C32 New Product Development Process (0.573)

	
	
	C41 Raw material quality control (0.612)

	Quality control capabilities
	C4 Supply Management (0.138)
	C42 Supplier Management (0.388)

	0.25
	C5 production process control (0.148)
	C51 process optimization method (0.418)

	
	
	C52 process quality control (0.582)

	
	
	C61 Metering System Management (0.505)

	Quality control capabilities
	C6 measurement test (0.145)
	

	0.25
	
	

	
	
	C62 product inspection (0.495)

	
	C7 quality tool usage (0.148)
	

	
	
	C71 Quality Tool Use (1.000)

	
	
	011 Leadership participation (0.669)

	
	
	

	
	01Quality Leadership (0.275)
	

	
	
	

	
	
	

	
	
	

	Quality Organization Environment
	
	

	0.25
	
	

	
	
	012 Functional construction (0.210)

	
	
	013 Quality responsibility (0.121)

	
	
	021 Quality culture construction (0.452)

	
	
	

	
	02Quality culture (0.322)
	

	
	
	022 Quality awareness (0.228)

	
	
	023Employee participation (0.320)

	
	03Team Building (0.121)
	031Team Building (1.000)

	
	04Employee satisfaction (0.140)
	041Employee satisfaction (1.000)

	
	05Performance Appraisal (0.142)
	051 Performance Appraisal (1.000)

	
	
	P11 internal mass loss rate (0.500)

	
	P1 Economic Quality (0.231)
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Quality Performance Results
	
	

	0.25
	
	

	
	
	P12 External mass loss rate (0.500)

	
	
	P21 first inspection pass rate (0.753)

	
	P2 physical mass (0.262)
	

	
	
	P22 quality grade rate (0.247)

	
	
	P31 Customer satisfaction (0.303)

	
	
	

	
	
	

	
	P3 Market quality (0.259)
	

	
	
	P32 Market share of leading products (0.222)

	
	
	P33 New product sales share (0.195)

	
	
	P34 Brand building status (0.280)

	
	
	P41 Quality and safety management (0.294)

	
	
	

	
	P4 Social quality (0.248)
	

	
	
	P42 Environmental monitoring situation (0.362)

	
	
	P43 Comprehensive energy consumption per 10,000 yuan output value (0.344)


Source: Calculated by this study
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[bookmark: _Toc16457]3.1 Statistical results of the survey project

J County is located in the southeast of China's Yangtze River Delta, at the intersection of Jiangsu, Zhejiang, Shanghai and one city, in the core area of the Yangtze River Delta urban agglomeration. It is the first stop for Zhejiang Province to connect with Shanghai, one of the top 100 counties in terms of comprehensive strength in the country, and the only "county scientific development demonstration site" named by the state. Since the 12th Five-Year Plan, the economic structure of J County has been optimized at an accelerated pace.[86]
Traditional industries such as wood furniture, hardware machinery, textiles and clothing are constantly improving, and leading industries such as new energy, emerging information electronics, and high-end equipment manufacturing are gathering faster, showing a good trend of continuous improvement in the industrial level of "wood, steel, and silicon materials". In order to implement the major decision-making and deployment of the General Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of China on carrying out the "quality improvement" activities across the country, the J County Quality and Technical Supervision Bureau and the Institute of Quality and Performance Management of Zhejiang University have cooperated to establish the "J County Quality Innovation Base of the Institute of Quality and Performance Management of Zhejiang University" to promote the common development of quality supervision and academic research, and strive to promote the independent innovation and quality competitiveness of enterprises.[87] This survey project hopes to enable government departments to initially grasp the quality competitiveness of county-level enterprises above a certain scale through the collection and analysis of first-hand data, and will carry out subsequent upgrading and assistance work based on this.
Steps to implement the survey project
(1) Clarify the subject and object of investigation
In this quality competitiveness evaluation project, the evaluation subjects are jointly undertaken by the government and scientific research institutions. The quality and technical supervision department of J County is responsible for organizing the distribution and collection of questionnaires and completing the data collection work. The Institute of Quality and Performance Management of Zhejiang University is responsible for the result measurement and analysis of the collected data. The evaluation object, i.e. the survey object, is 470 manufacturing enterprises above a certain scale in the county covering 9 (towns) and streets in the county. The questionnaire fillers are middle and senior leaders who have a comprehensive understanding of the enterprise, mainly those responsible for quality management.[88]
(2) Questionnaire design
The questionnaire was designed based on the quality competitiveness evaluation index system designed in Chapter 3, including three main parts: personal information of the respondent, enterprise profile, and enterprise quality competitiveness status. In order to facilitate the classification and comparison of quality competitiveness status, enterprise attribute information should also be added to the enterprise profile, including enterprise scale, ownership type, industry, region (in this survey, (town) street is used as the regional division), etc. The remaining questions are based on the optimized evaluation index set in 3.5.3. The qualitative index uses the semantic difference membership method, which semantically converts the index into five levels from "1" to "5". The respondent selects the option closest to the status of the enterprise as the score of the qualitative index.
(3) Make plans and arrangements
This survey project covers 470 manufacturing enterprises above a certain scale in nine (town) streets of J County. The scale of the survey is relatively large. The quality supervision department of J County has held several special meetings to publicize and deploy the survey work. It is planned to complete the questionnaire distribution and data collection work in one month from October 28, 2013. In this process, relevant personnel will be organized to go deep into enterprises to publicize the significance of quality competitiveness survey, guide enterprise responsible persons to fill in the questionnaire carefully, and explain unclear matters.
(4) Distribute and collect questionnaires
As of December 1, 2013, the survey distributed questionnaires to 500 industrial enterprises above designated size in the county, and 470 valid questionnaires were collected (unfilled or incomplete questionnaires were deleted), with a recovery rate of 94%. All questions were entered into an Excel table in a specific coding form for analysis.
(5) Results statistics and analysis
Based on the indicator weights and aggregation algorithm proposed in this paper, the manufacturing quality competitiveness level based on enterprises, industries, and regions (towns/streets) is calculated, the differences in the results are analyzed and compared, and corresponding improvement measures are proposed.
Data processing process of the survey project
According to the evaluation system proposed in Chapter 3, we summarize the data processing process into the following steps:
(1) Index preprocessing: normalize the quantitative indicators and quantify and assign values to the qualitative indicators.
(2) The principal component analysis method and the hierarchical analysis method are combined to generate the indicator weights.
(3) Calculate the index results based on the aggregation model.
This article involves many indicators and relatively complex calculations, so SPSS, Matlab, Excel and other tools are used for programming and calculation to gradually obtain the quality competitiveness evaluation results.
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Through the investigation of the quality competitiveness level of 470 manufacturing enterprises above designated size in J County, we preliminarily verified the evaluation model proposed in this study. The results show that the system design is relatively reasonable and can draw meaningful conclusions in the evaluation of quality competitiveness level. Due to limited space, this article has not yet conducted a detailed analysis of the three-level indicators, but from the perspective of common problems, we put forward the following four main countermeasures and suggestions for the quality improvement activities of manufacturing enterprises in J County:
(1) Enhance the "big quality" awareness of enterprise leaders and employees, and cultivate an excellent quality culture. According to the survey results, the scores of the quality organizational environment dimension are generally low, and there are only a handful of enterprises that truly practice quality culture. As the root factor that promotes the improvement of quality management level, the construction of quality culture should be given enough attention, especially the quality awareness of senior leaders, which plays a guiding role for the organization, and the quality concept of all employees directly affects the quality performance results. Enterprises should firmly establish the concept that quality is the core competitiveness, cultivate and advocate an excellent quality culture, and make it a reality rather than a slogan.
(2) Increase the intensity of quality training and cultivate professional quality talents. The lack of professional quality talents is a very prominent problem in my country's enterprises, which can also be seen from the survey results of J County.
Taking the cooperation between government and school as an opportunity, this chapter takes J County, Zhejiang Province as an example to verify and apply the manufacturing quality competitiveness evaluation system proposed by this research. First, the background and purpose of the quality competitiveness survey project are introduced, and the main steps and processes of implementing the survey are clarified. The quality competitiveness level of 470 manufacturing enterprises above designated size (with main business income of RMB 20 million or more) in J County, Zhejiang Province is investigated, and evaluation results based on enterprises, industries and regions (streets/townships) are formed. The quality competitiveness status of J County's manufacturing industry is analyzed, and corresponding improvements are proposed. In terms of effect, the evaluation system proposed by this research can more conveniently and accurately reflect the quality competitiveness level of local manufacturing enterprises, basically achieving the realistic goal of the research and showing the application value of the system.
Reducing costs and achieving low prices have always been one of the main magic weapons to win in competition. The first of the four corporate strategies of competition theory master Michael Porter is the total cost leadership strategy. In the 1970s, the main mode of corporate operating strategy was to cut costs and prices in order to improve the company's market share and profitability. In the 1990s, experts discovered that with the advancement of operational technology, it is entirely possible for enterprises to achieve significant improvements in cost, quality, adaptability, and delivery at the same time, although these different strategic advantages do exist in terms of resource requirements. There is even a view that there is an irreconcilable contradiction between the quality and cost objectives of an enterprise. Improving quality means increasing costs. In today's context of widespread Internet access, innovative companies can provide customers with new products within a few hours with almost no barriers to entry, but at the same time, products with poor quality will quickly attract various criticisms and bad reputations. and expose companies to more expensive recall costs. As consumers' awareness of quality increases and their desire to pursue a higher quality of life becomes stronger, companies will have no choice but to continue to improve the quality of products and services and adapt to changing consumer needs. Any economy committed to gaining competitive advantage will face this reality without exception: the mainstream status of price competitiveness is being challenged by quality competitiveness, and the quality of products and services must be greatly improved in order to revitalize the economy with excellent quality performance. . For these reasons, quality has shown irreplaceable strategic value in corporate operation strategies. Furthermore, competing in terms of adaptability and agility still needs to be based on delivering products of superior quality.
The theory of quality competitiveness was born under this background, and for China's current economic development stage, quality has become more and more important as an important means to participate in global competition. Whether it is structural adjustment or transformation and upgrading, quality has always been an important factor. core elements of scientific development. Improving product quality levels and developing enterprise quality competitiveness are of great significance to enterprises, governments, society and the people. Enterprises need to accurately measure, monitor and improve their quality performance to better meet customer needs and ensure that they are at the forefront of market competition; the government should grasp the quality management status of enterprises from a macro level to formulate more scientific resources configuration decisions; society and the public expect to obtain more, objective, and transparent quality information to protect their own consumer rights, which all reflect the value of quality competitiveness evaluation.
This article focuses on the core concept of "quality competitiveness" of manufacturing enterprises, and studies the connotative characteristics and evaluation model construction of quality competitiveness in accordance with the research framework of "conceptual deconstruction-system modeling-practical application". Since quality competitiveness is an interdisciplinary subject derived from quality management theory and competitiveness theory, it is necessary to follow the original quality connotation when deconstructing the concept. We see that the definition of quality has changed from "manufacturing for manufacturing" to "manufacturing for manufacturing". "Made for customers" has developed into "Made for society and mankind". The continuous expansion of its scope has made the requirements for quality competitiveness increasingly higher. So what is the essence of quality competitiveness? Looking back at the classic enterprise theory, competitive advantage comes from the unique capabilities or high-quality resources of the enterprise. As a sub-dimension of enterprise competitiveness, the source of quality competitiveness should also be the same, but it is based on Quality performance is expressed in the form, which opens up ideas for us to explore the elements of quality competitiveness evaluation. In the end, this article selected "quality basic resources", "quality control capabilities", "quality organizational environment" and "quality performance results" as the first-level evaluation indicators. The internal logic is that sufficient basic quality resources should be invested to give full play to the organization's capabilities. Quality control capabilities use the quality organizational environment to promote and ensure the rational utilization of resources and the continuous improvement of capabilities to achieve excellent quality performance results, obtain economic benefits and satisfy relevant parties, and form a unique competitive advantage in quality for the enterprise.
The next goal is even more clear. The evaluation indicators are centered around the three "cause elements" of "quality basic resources", "quality control capabilities" and "quality organizational environment" and the "result elements" of "quality performance results". How to establish? How to use evaluation methods? There is great subjective arbitrariness in the selection of influencing factors and evaluation indicators in the evaluation of various social and economic systems. In order to reduce this risk, we adopted the method of "from case induction to theoretical derivation", The four matching methodology principles of index system design are "from the determination of the influencing subjects to the decomposition of the system structure", "process traversal analysis", and "combination of evaluation subject motivation analysis and evaluation object empathy". This principle well embodies the philosophical thought of combining "induction" and "deduction", "analysis" and "synthesis", "part" and "whole" in materialist dialectics, and provides a lot of information for enhancing the scientific nature of the evaluation system. Big help. As far as the specific system design process is concerned, there are many methods for the construction and preliminary selection, verification and optimization of evaluation indicators. This study uses them at different stages, and finally forms a quality competitiveness evaluation that combines theoretical derivation and practical induction. indicator set. Quality competitiveness evaluation is a comprehensive evaluation problem with many internal factors and complex indicators. The best way is to integrate and use various existing comprehensive evaluation methods. This article integrates the analytic hierarchy process and the semantic differential membership method. , and achieved good evaluation results. In addition, gray prediction method and artificial neural network method can also be applied to predict the trend of quality competitiveness level.
In the application stage of the evaluation system, this study coincided with the project opportunity of "political school" cooperation. It cooperated with the quality and technical supervision department of a county in Zhejiang Province to conduct quality competitiveness research on 470 manufacturing enterprises above designated size in the county. Competitiveness evaluation verifies the scientificity and feasibility of the system. At the same time, corresponding improvement suggestions are provided for local governments and enterprises, making the evaluation of quality competitiveness possible for practical application.
Throughout the entire text, the author always conducts research using a combination of theory and practice, from the connotation analysis of quality competitiveness to the practical application of the final evaluation system, constantly revising and improving it.
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(1) Propose the definition and characteristics of quality competitiveness based on the resource-based view and capability view
Based on the classical competitiveness theory - resource-based view and capability view, starting from the goal of sustainable development, this paper broadens the connotation of quality competitiveness and defines it as "in a competitive market, enterprises create products and services with high quality by comprehensively utilizing their own advantageous resources and unique capabilities to win the satisfaction of customers and stakeholders and achieve their own sustainable development competitive advantage." At the same time, it summarizes the four main characteristics of quality competitiveness: 1) comprehensive effect of multiple factors, 2) unique and difficult to imitate, 3) dynamic change, and 4) customer-centric and taking into account the interests of stakeholders. The study of the definition and characteristics will play a positive role in the gradual improvement of the theoretical system of quality competitiveness.
(2) Design and verify the quality competitiveness evaluation system
First, this paper sorts out the literature on the content and methods of quality evaluation, and systematically summarizes the common evaluation methods at the micro, meso and macro levels. With this as a reference, this study uses the principles of indicator system design methodology to design a more scientific and complete quality competitiveness evaluation system for manufacturing enterprises, including evaluation factor model, evaluation indicator system, weight setting method and aggregation model. Referring to the evaluation factor structure of enterprise competitiveness, the quality competitiveness evaluation system proposed in this paper mainly includes three analysis indicators of "quality basic resources", "quality control capabilities" and "quality organizational environment" and the evaluation indicator of "quality performance results". This set of quality competitiveness evaluation model was used to evaluate the quality competitiveness of 470 enterprises in a county in Zhejiang Province, verifying its scientificity and feasibility. All the steps of system construction are discussed in detail in this paper, and almost every step has a solid theoretical basis or scientific method, which provides a reference for the process and method of similar concept evaluation.
(3) Integrate multiple comprehensive evaluation methods
In the study of evaluation methods, this paper innovatively integrates semantic difference membership method, hierarchical analysis method, fuzzy comprehensive evaluation method, gray prediction method, artificial neural network method, etc. to form a quality competitiveness evaluation tool set. In particular, in the measurement of qualitative indicators, the semantic difference membership method is used to more accurately map the subjective consciousness of the human brain to the quantitative assignment of qualitative indicators, so that the evaluation results are more real and reliable.
Compared with previous studies on quality competitiveness evaluation, this paper pays special attention to the use of systematic methods. Although the overall idea continues the framework of "definition"-"evaluation"-"application", it is more scientific and rigorous in each link, and always adheres to the concept of combining theoretical methods with practical applications. The innovation of this paper is mainly concentrated in the construction of the evaluation system. First, the four methods of the indicator design methodology principle are put into practice to construct a relatively complete set of quality competitiveness evaluation indicators; second, the semantic difference membership method is applied to the qualitative indicator evaluation to make the evaluation more accurate; third, the aggregation model of micro- and macro-quality competitiveness levels is clarified, and a reference gray artificial neural network integration method is provided for macro data prediction.
Compared with the common quality evaluation techniques summarized in 1.2, the main advantages of the quality competitiveness evaluation model proposed in this paper are: 1) Quantitative evaluation, which has strong comparability. Different from the qualitative evaluation method of quality management system certification and quality award review, this model is based on structured indicators, and the final result of the calculation output is a quantitative number, which can be used for comparison between enterprises, industries, and regions, and can be used at both micro and macro levels. 2) Based on a profound theoretical foundation, the index system is relatively scientific and complete. This model is proposed for manufacturing enterprises. It combines the competitiveness theory to examine the multiple dimensions of the enterprise's quality competitiveness, and uses the principles of the index system design methodology to design it. The indicators are more scientific and reasonable. 3) The practical effect is good. Previous studies on quality competitiveness evaluation have focused too much on the design of the evaluation system and lacked the measurement and verification of large sample data. This study is based on the resource base of the Quality and Performance Management Team of Zhejiang University and obtained data from 470 enterprises in J County, Zhejiang Province, where the private economy is very active, which has strong support at the practical level.
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