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Abstract. In this study, a comprehensive framework for assessing the readiness 

of production systems for Zero Defect Manufacturing (ZDM) has been developed 

and presented. The framework includes four pillars of ZDM readiness, namely 

Personnel, Procedures, Infrastructure, and Company Culture, to help companies 

understand their level of readiness and plan for successful implementation of 

ZDM. We argue that a manufacturing company will be better equipped to em-

brace ZDM if it performs well in these four areas. We propose a tool that uses 

yes/no questionnaires to assess a manufacturing system's readiness for ZDM. The 

results of the questionnaire will objectively show the true level of cultural readi-

ness for ZDM adoption, and the level of investment required for implementation 

will depend on the level of readiness. This tool can help companies gain a clear 

understanding of their readiness and create a plan for implementing ZDM. Over-

all, our framework and tool can help manufacturers improve the quality of their 

products and be ready for ZDM adoption. 
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1 Introduction 

ZDM, or zero-defect manufacturing, is one of the most effective strategies available 

today for increasing product quality [1]. It is an Industry 4.0 paradigm that uses cutting-

edge practices and digital technologies in production settings to go beyond conven-

tional quality management approaches [2]. Most companies make the mistake of im-

plementing quality management measures after the product has entered the manufac-

turing process instead of starting early in the design phase. To address this challenge, 

ZDM follows a cycle of continuous improvement synchronized with defined bench-

marks and integrates into the manufacturing process from the start rather than address-

ing issues and faults later [3]. Using a combination of knowledge-based and data-driven 

approaches, as well as physics-based models, can help create tools and methodologies 

that prevent, correct, and predict defects in manufacturing processes. This leads to the 

implementation of Zero Defect Manufacturing (ZDM), which improves the customer 
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experience and the sustainability of the manufacturing process [4]. When moving a 

product from concept to production, the idea of planning for zero defects is quite im-

portant yet complex. Zero defect is a goal; many controllable and uncontrollable factors 

may come into play when producing parts. It is important to develop a solid plan to 

manage and even get rid of any factors that lead to product defects. Design for manu-

facturability is crucial in this case, however many legacy items have problems that are 

unavoidable due to their inherent nature. Engineers can use the tools under the ZDM 

concept to better control these variables [5]. 

The current paper aims to create a framework and a tool for measuring the level of 

readiness of manufacturing systems for adopting ZDM. All the different levels of a 

manufacturing system will be analyzed from the top level, business – management until 

the bottom level of the production itself. The goal is to identify all the factors that are 

contributing to the implementation of ZDM.  

2 State of the art 

Many problems may occur in complex industrial environments, causing mistakes that 

would produce defective products [6]. Companies must adopt the techniques and mind-

set of producing high-quality products with minimal waste if they want to maintain a 

competitive edge in the present and future business landscape [7]. The efficiency and 

effectiveness of manufacturing organizations can be greatly impacted by poor product 

quality [8]. Poor quality can result in both direct and indirect costs, including those 

related to repairs, shipping, chargebacks, product returns, and lost sales [9]. Manufac-

turing defects can be brought on by, among other reasons, process variations driven by 

faulty equipment, worn out tooling, non-conforming materials, and human error [10]. 

Except for human error, these variances can be anticipated by applying Industry 4.0 

technologies, methodologies, and tools to put corrective measures in place to get rid of 

the problems' underlying causes. ZDM is the strategy for obtaining Zero Defects by 

utilizing Industry 4.0 and its associated key enabling technologies [2, 11, 12]. 

To address the problem of ZDM implementation, many academics have offered gen-

eral frameworks and architecture for applications in various industrial settings. These 

frameworks and architectures are generic in nature and frequently applicable to both 

new and current manufacturing systems. Wang (2013)[13] presented an earlier frame-

work for ZDM that explains the application of DM approaches to produce zero-defect 

products. On that regard, May and Kiritsis (2019) [14] designed and developed a com-

prehensive framework and ad hoc approaches that could be used on both new and ex-

isting production lines for being able to manufacture products with zero defects by in-

tegrating cutting-edge industry 4.0 technologies while also improving the competitive-

ness and sustainability of manufacturing facilities. Psarommatis and Bravos (2022) [15] 

created a comprehensive framework that identifies all the essential elements of a man-

ufacturing organization that must be connected for improving the sustainability of a 

manufacturing system with ZDM principles. Ringen (2022) [16] investigated the pro-

gression towards ZDM and the extent of Industry 4.0 readiness in relation to basic data 

integrity. The analysis revealed discrepancies between digitally defined values and 
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physically measured values at a level demanding a high degree of autonomy and adapt-

ability in decision procedures for the finished product to comply with ZDM. Kon-

stadinidis et al. (2022) [17] provided a high-level overview of a generic manufacturing 

ecosystem that combines emerging technologies that are essential to the I4.0 vision to 

achieve optimal production conditions in industrial contexts. 

Even though ZDM has attracted the attention of manufacturing researchers, it is still 

difficult to apply ZDM in real industrial systems. To speed such a deployment, it is 

essential to successfully follow the principles for creating ideal manufacturing system 

environments in a range of industrial verticals. Based on our review of the relevant 

literature, we found out a dearth of methods and instruments for evaluating the prepar-

edness of manufacturing systems for ZDM deployment. Due to this gap, the current 

study's objectives include examining various production system levels and identifying 

the factors affecting the adoption of ZDM. The proposed tool is built on the transfor-

mation of qualitative data into quantitative, thus assessing the level of readiness using 

company’s knowledge. 

3 Readiness Framework 

The current section is devoted on presenting the proposed framework for quantifying 

the level of readiness of a manufacturing system in the adoption of ZDM. The proposed 

framework has twofold purpose a) to develop a tool for the quantification of the level 

of readiness and b) identify the areas that are require improvement for the adoption of 

ZDM. The level of readiness is a function of multiple variables that are coming from 

all the different levels in a manufacturing system. A manufacturing system is encom-

passed by not only its operational and information technologies, but also the organiza-

tion behavior, i.e., people, procedures, and information flow. [18]. 

In this scope four categories, that all those parameters belong to, have been defined. 

Those categories describe the four pillars of readiness “Personnel” (PE), “Procedures” 

(PR), “Infrastructure” (INF) and “Company culture” (CC) (Fig. 1). If a company per-

forms well in these four pillars, then the level of readiness is high for the adoption of 

ZDM. Quantifying this level of readiness is a challenging and complex procedure, so a 

straightforward approach was chosen using a Yes/No questionnaire to eliminate sub-

jectivity[19]. Such yes/no questionnaires have been employed successfully for many 

years in a variety of study fields, particularly in the biomedical and health sciences [20, 

21] and in manufacturing [19, 22]. The developed questionnaire can be seen in Error! 

Reference source not found., each question might belong to more than one of the 

readiness pillars. The questions are developed in order to cover all of the aspects that 

are affecting the adoption of ZDM. The survey is intended to be used by those involved 

in the design process of facilities for zero defect manufacturing and should be addressed 

to the relevant stakeholders in the organization. While results and conclusions of the 

survey are not presented in this paper, the proposed framework and tool will useful for 

future studies aimed at assessing the level of readiness of a manufacturing system in 

the adoption of ZDM. 
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Fig. 1: Key pillars for ZDM readiness 

When the primary data involve people’s perception on something, questionnaires are 

a powerful tool, especially in a large number of people that some manufacturing sys-

tems may present. This data collection technique involves a number of personal to an-

swer a number of questions via the Internet. For the design of such questionnaire and 

selection of the target group, the requirements encountered by Psarommatis and May 

(2022) were used [19]. When formulating the questionnaire questions, the purpose and 

scope of assessing ZDM readiness was kept in mind. Guidelines for formulating the 

questions were used as suggested by Säfsten and Gustavsson (2020) [23]. If the answer 

of a question is yes then the value of this question is 1 and if it no then it is -0.5. The 

calculation of the final readiness level is the sum of all questions values. 
 

No. Question Description Pillar 

Q1 
Are data collected from the 

production? 

If there are data from the machines and other 

sources in digital form collected and stored. 
INF 

Q2 
Are production data ex-

ploited in any way? 

The data that are collected and stored are be-

ing utilized for improving any process that is 

happening in the production. 

INF, CC 

Q3 
Is 100% inspection is taking 

place? 

If there is in at least one manufacturing stage 

that all of the products are inspected 
CC, PR 

Q4 
100% at last manufacturing 

stage? 

If Q4 yes, is 100% inspection is performed 

only to the last manufacturing stage. 
CC, PR 

Q4.1 
Physical detection is ap-

plied? 

If the quality inspection is performed using 

physical measurements from the product, 

CMM, vision systems etc. 

INF, PR 

Q5 Virtual detection is applied? 

If quality inspection is performed using vir-

tual metrology approach. Utilizing collected 

data to estimate the product quality. 

PR, CC 
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Q6 
Quality prediction is ap-

plied? 

Utilize any learning method, such as AI, ma-

chine learning for predicting when in the near 

future a defect will be produced 

PR, CC 

Q7 Are data analytics utilized? 
Use data analytics for extracting valuable in-

sights from the collected data. 
PR 

Q8 
Are machine learning and 

AI etc utilized? 

Use machine learning, AI and other learning 

methods for any optimization process. 
PR 

Q9 

Is there a good communica-

tion between top manage-

ment and production? 

Whether any information between production 

an top management is easy to be communi-

cated or not. 

PR, CC 

Q10 Is quality important? If the product quality is important or not. CC 

Q11 
Is there a quality assurance 

method implemented? 

Whether there is a quality assurance method 

implemented to the production or not 
CC 

Q12 

Quality inspection is per-

formed only at the final 

stage? 

Whether quality inspection is performed only 

at the last manufacturing stage when the 

product is ready? 

PR, CC 

Q13 
A defected part is repaired 

or not? 

If there is a defected part in the products the 

product is repaired or scraped/recycled 
PR, CC 

Q14 
Is there a dynamic schedul-

ing tool implemented? 

If there is a dynamic scheduling tool that re-

schedules the production when a quality event 

or a set of events happen 

INF, PR 

Q15 
Are workers familiarized 

with quality assurance? 

Whether the workers are familiar with quality 

assurance and understand quality in depth. 
PE 

Q16 

Are workers motivated to 

implement quality assur-

ance 

If the companies motivate workers to imple-

ment workers. If for example the only con-

cern of a company is time or cost and pres-

sure for lower then demotivate workers for 

implementing quality assurance. 

PE, CC 

Q17 
Is there resistance to change 

from workers? 

If workers are conservative and afraid the 

change on adopting new approaches. 
PE 

Q18 
Is there resistance to change 

from management? 

If top management is conservative and afraid 

to implement and adopt new approaches. 
PE, CC 

Q19 

Do workers have all the re-

quired resources to conduct 

quality assurance? 

If the workers have all the necessary tools for 

performing the quality assurance. 
CC 

Q20 
Do workers understand data 

driven technologies? 

If workers have the knowledge to use and un-

derstand data driven technologies. 
PE 

Q21 
Is there a specific quality 

assurance method used? 

Is there a specific quality method imple-

mented, such as Six Sigma, Lean etc. 
PR, CC 

Q22 

Is there a need of a special-

ist for the quality assurance 

implementation? 

If quality assurance is relying on external ex-

perts or there is expertise inhouse. 
PE 

Q23 
Installing sensors for col-

lecting data is easy? 

If the installation of new sensors for the col-

lection of data is easy or not 
INF 
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4 Discussion 

The current study developed a tool to assess the readiness level of production sys-

tems for Zero Defect Manufacturing (ZDM). The four pillars of ZDM readiness were 

identified as Personnel, Procedures, Infrastructure, and Company culture. If a company 

excels in these areas, it has a high level of readiness for adopting ZDM. Affordable and 

easy to implement ZDM for SMEs will play an important role in the near future. Today 

we have skilled engineers, technologies, processes, and standards[12] that allow this 

philosophy to become a reality. Large manufacturing players like China and Germany 

are adopting a similar approach due to their sustainability goals. As quality and manu-

facturing support systems become more complex and require real-time control, their 

integration can be a challenge. According to [24], over 41% of EU companies have not 

adopted any new advanced digital technologies yet. Such survey does not consider the 

ZDM paradigm, and it is limited to only technologies. For ZDM to be successful in 

manufacturing companies, a certain level of readiness personnel, procedures, infra-

structure, and company culture is necessary.  

The infrastructure in companies and countries can vary. Scandinavian countries have 

a stronger infrastructure for Industry 4.0 compared to Eastern European countries, as 

reported by the EU. However, these differences should not be mistaken for the require-

ments for ZDM. To the best of our knowledge, this is the first survey that will help 

companies understand their actual level of readiness for ZDM. 

Manufacturing companies face socio-technical challenges that vary in form and 

magnitude, depending on the starting points and goals for Industry 4.0 in different coun-

tries. Knowledge is becoming more transient, and the boundaries between disciplines 

are eroding. The ZDM readiness framework is based on yes/no questionnaires, offering 

companies a clear picture of their readiness while limiting in-depth information. This 

can still help companies create a plan for successful ZDM implementation. 

Recently, many papers about ZDM procedures have been published in different fields, 

ranging from general papers [1, 11, 12] to papers focusing on quality inspection [24]. 

This survey can help companies determine which processes need to be developed for 

successful implementation of ZDM [1, 11, 12] [25] 

The readiness level of a company's culture for adopting ZDM is reflected in the con-

sciousness of its leaders. The use of yes/no questionnaires in the proposed tool objec-

tively shows the true level of cultural readiness [18, 25], and the amount of investment 

needed for implementing ZDM varies based on the level of readiness. To avoid subjec-

tivity an expert outside the company should conduct the questionnaire [19].  

5 Conclusions 

In this work, we have provided a designed questionnaire for the assessment of ZDM 

readiness in large and SMEs companies. Uniquely to ISO9000 family, which do not 

mention ZDM, we provide a framework that contains the four pillars of ZDM readiness, 

i.e., “Personnel” (PE), “Procedures” (PR), “Infrastructure” (INF) and “Company cul-

ture” (CC). Based on Psarommatis and May (2022) [19], 23 yes/no questions are 
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formulated for the mentioned pillars. This study indicates that as knowledge becomes 

more transient and the level of company consciousness cannot exceed the one of its 

leaders, such survey will have a great impact on their assessment of readiness. Contrary 

to ISO9000 family, external third-party quality audit is recommended for the successful 

evaluation and deployment of ZDM. Finally, section 5 offers a starting point for new 

research ideas to be pursued. 
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