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ABSTRACT 

Purpose: The paper brings set of original information related to the next quality 
management systems development with regard to digitalisation and other features 
of new era. It proposes basic structure of closed-loop quality management 
systems (CLQMS) as a mixture of internal, external, horizontal and vertical 
loops. 

Methodology/Approach: Comparative literature analysis, standards’ analysis, 
brainstorming, field research, interviews and design review were used. 

Findings: Information flows are counted as vital part of all advanced closed-loop 
quality management systems. Authors established definition of CLQMS. 209 of 
various requirements related to information exchange were discovered through 
study of ISO 9001:2015, IATF 16949:2016 and EFQM Model, version 2020. 
These requirements should create a basic platform for CLQMS establishing and 
development. Authors performed an empirical field research which. Confirmed 
that current readiness of Czech production companies for CLQMS 
implementation is insufficient, despite the automotive sector reaches a higher 
level of such readiness. 

Research Limitation/Implication: The field research was performed in time 
span accompanied by stern measures caused by COVID-19. The only English 
language literature resources were considered for a literature review. 

Originality/Value of paper: The paper brings original set of information, 
regarding to definition of the CLQMS, findings from special field research. 

Category: Research paper 

Keywords: closed-loop quality management; quality 4.0; management system; 
feedback loop 
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1 INTRODUCTION  

Consistently meeting all stakeholders’ requirements (especially oriented to the 
future) poses a permanent challenge for all types of organizations. Hence quality 
management systems based on various standards or excellence models will be an 
important part of overall management systems. Unfortunately, a lot of certified 
quality management systems, mainly against ISO 9001:2015 requirements are 
rigid, static and they do not comply with current demands on new era of 
digitalisation.  

Zairi (2018) even argues that total quality management has become redundant. 
Anyway, meaning of quality management is commonly recognized. But 
traditional approaches to the quality management and structures of current 
quality management systems will have to be transformed in order to meet 
dramatic technological development, presented by Industry 4.0 concept. 
Gunasekaran, Subramanian and Ngai (2019) say that although quality 
management became popular in 80’s of the last century, enterprises are still 
struggling with the concept Industry 4.0. Industry 4.0 refers to recent 
technological advances where internet and supporting technologies serve as a 
backbone to integrate physical objects, human actors, intelligent machines, 
production lines and processes across organizational boundaries to form a new 
kind of intelligent, networked and agile value chain (Schumacher, Erol and Sihn, 
W., 2016). A comprehensive response on Industry 4.0 in area of quality 
management is usually titled as Quality 4.0. Javaid et al. (2021) underline that 
Quality 4.0 is a central principle enabling to harmonize quality management 
activities with Industry 4.0’s new capabilities. The Quality 4.0 is about 
transforming and improving organizational culture, collaboration, competency 
and leadership development through the application of technology (Bridges, 
2021). Hundreds of articles had been published in this area during last five years 
analysing various aspects of Quality 4.0 concept. Jacob (2017) looks upon the 
Quality 4.0 as mixture of new technologies with traditional quality methods to 
arrive at new optimums in operational excellence, performance, and innovation. 
Vision and other strategic declarations focused on Quality 4.0 are mentioned as 
crucial prerequisite (Sony et al., 2021). Some findings from special pilot survey 
in which 36 quality directors from European firms testified necessity for 
investments and skills as one of five crucial requirements associated with the 
Quality 4.0 implementation (Antony, Sony and Cudney, 2020). Santos et al have 
already identified typical kinds of skills needed for the Quality 4.0 (Santos et al., 
2021). Elg et al. (2021) underline necessity in area of cross-functional quality 
professionals’ collaboration with IT specialists and process managers Carvalho et 
al. (2021) discuss key quality management practices in era of the Industry 4.0. 
These references are only a few examples of papers dedicated to certain features 
of the Quality 4.0. 

Briefly to say: The Quality 4.0 is really hot and very popular topic at present. We 
do not want to play down this topic. On the contrary, we are aware of fact that 
traditional approaches to the quality planning, control, assurance and 
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improvement must be dramatically changed and all quality management systems, 
regardless they are certified or not, will have to be transformed from the point of 
their structures, scopes, objectives, infrastructure or people competency. 
Therefore, authors hope this article could be considered as a small but not useless 
contribution to such transformation. 

2 METHODOLOGY 

After necessary literature review, the authors were able to formulate three 
preliminary findings which led to the creation an original definition of term 
“closed-loop quality management system”. Authors’ investigation also aimed to 
the design of an original framework for CLQMS. Moreover, authors studied 
three commonly recognized international standards with aim to identify 
necessary information flows within CLQMS. To discover on what level of 
readiness for CLQMS implementation Czech production companies are a special 
questionnaire field survey was provided. 573 Czech production companies from 
various areas of business were randomly selected for data gathering. Core data 
gathering was based on a structured questionnaire which could be filled by 
electronical aid. A response rate was 21.12%. To confirm two research 
hypotheses, a quantitative and qualitative approach was used to the data 
processing. Results presented below should be understood as information inputs 
to the next research activities in area of the Quality 4.0 development throughout 
the world. 

3 LITERATURE REVIEW 

Some opinions regarding to the Quality 4.0 were already presented in section 
Introduction. Now, we focus on progressive approach frequently called mostly as 
„closed-loop quality management”. This approach could be considered as 
convenient way how to adjust traditional quality management to the new era of 
digitalisation. The fundamental research question is: was already reached general 
agreement bearing on terms or structure of the closed-loop quality management? 

Unlike Industry 4.0 or Quality 4.0 concepts as a whole, the various issues of the 
closed-loop quality management are discussed to a lesser extent. Sundaram 
(2018) declares the belief of organizations that traditional quality management 
systems are increasingly making a move towards a more future-ready. The 
closed-loop approach is mentioned there as suitable way. Littlefield (2014) says 
that closed-loop quality management essentially means connecting quality 
process or performance data from one area to another, always with the goal of 
improving quality earlier. Rutter (2021) argues: “closed-loop quality 
management is the manufacturing business process of proactively making all of 
the data and processes necessary for ensuring product quality is accessible in one 
central location, bringing product results from the field back for scope 
assessment, future issue prevention, and continuous improvement”. He also 
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discusses some benefits, including reduced cost of quality. Such issue discussed 
also Jasurda (2012) despite he has limited closed-loop approach to quality 
management only to virtual simulations and tolerance analysis software. The 
economic impact is caused by possibilities when digital technologies and data 
analytics discover patterns otherwise impossible to detect and take preventive 
action in early stage of the process (Tomic, 2021). Jardine (2015) declares that 
for a closed-loop quality system to be truly effective, it must centralize, 
standardize, and streamline end-to-end business processes and quality data. This 
can be accomplished most successfully by digitalisation. Goulévitch (2018) 
presented eight examples of how closed-loop quality management systems 
should work, including transparency in production processes, traceability, 
integration with ERP systems, facilitation of lean processes, etc. Speer (2020) 
holds the view that: “manufacturers must establish procedures for identifying 
product during all stages of receipt, production, distribution, and installation to 
prevent failures. This is to ensure that companies are closing the loop between all 
pre- and post-market activities. A connected system that closes this loop between 
processes is known as closed-loop traceability”. Some papers are dedicated to 
partial or special issues of the closed-loop management. For example, Franciosa 
et al. (2020) presents a digital twin framework with closed-loop in-process 
quality improvement for assembly systems. The closed-loop management in area 
of acquisition operations and maintenance process is discussed by Kang et al. 
(2019). But our investigations discovered that majority of articles are oriented at 
present to the development of the closed-loop management within supply chains. 
Authors are usually interested in area of non-conformities or returned products 
with respect of circular economy principles, as well as supplier’s social 
responsibility (see Masouipour, Amirian and Sahrasian, 2017; Chen, Umya and 
Mancasari, 2020; Almaraj and Trafalis, 2019 and others). 

On basis of literature review we are able to formulate three preliminary findings: 

1. There is no unified and commonly recognized definition of the term 
“closed-loop quality management system”. Ambiguity of explanations are 
evident. 

2. Authors mostly pay an attention to employment different smart physical 
devices as sensors, robots, information systems hardware, connectivity 
means, etc. 

3. On the contrary, problems connected with information flows are rather 
underestimated, despite these flows ought to be counted as vital part of all 
advanced closed-loop quality management systems! 
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4 RESULTS 

Results presented in this section should be looked upon a response to the three 
preliminary findings identified above. They are outputs of authors research 
works. 

Above all else, we had to create a definition of the term “closed-loop quality 
management system”. We can launch our conception of it as follows: 

Closed-loop quality management system is a part of overall organization’s 

management system based on advanced quality management principles which 

enables to integrate through comprehensive information flows all quality 

management processes or performance data with aim to improve the 

organizational quality. 

We do not consider this definition as ultimate declaration. On the contrary, it 
should be understood as a basis of a future academic discussion and refinement. 
But this definition has created a starting point for activities, outputs of which will 
be shown in following sections 4.1 and 4.2. 

4.1 The Conceptual Framework of the Closed-Loop Quality 
Management System 

As mentioned above, the information flows should be counted as an essential 
element of all advanced closed-loop quality management systems. In the upshot, 
Marsden (2019) confirms this prerequisite as he claims: “The lifeblood of quality 
management processes is information. Without unique, accurate, timely, 
complete, accessible, valid and reliable information, then these processes will fail 
to fully demonstrate performance” Zairi (2019) says: “The plasma of a modern 
eco-systems is the richness of information and the power of analytics which can 
guide the eco-system towards its future with more confidence”. Companies use a 
lot of various physical and information devices which should be integrated. Sony 
et al. (2021) distinguish three forms of integration within the closed-loop quality 
management in the Quality 4.0 era: 

• horizontal (which is along the entire value creation chain), 

• vertical (which is alongside the organization’s system), 

• end-to-end (along the product life cycle). 

The quality management systems should concentrate on all types of integration 
(Sony et al., 2021). To be a framework for Industry 4.0 implementation and 
assessment, this integration should be considered as a mixture of infrastructure 
and processes (Lara et al., 2020). Schlechtendahl et al. (2015) says the systems 
integration is the first step towards Industry 4.0 vision and achieving its goal. 
Hence, we designed a basic framework of the closed-loop quality management 
system (see Figure 1) with respect to these arguments. 
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Figure 1 – Basic Framework of CLQMS 

Internal feedback loops cover set of information from all organization’s 
processes and performance indicators and it is handed down between process 
owners usually. 

External feedback loops serve as communication tool between organizations’ 
representatives and various external parties such as customers, suppliers, 
community, etc. The information flows should incorporate above all 
stakeholders’ requirements and perceptions. 

Horizontal feedback loops operate within single organizational level and support 
execution of different processes (production, marketing, logistics, etc.). They 
should describe how such processes are under control.  

Vertical feedback loops integrate different hierarchical levels of the organization. 
They are located at least two different organizational levels and should enable an 
organization’s strategy, policies and objectives communication, deployment and 
review. 

In practice, these information feedback loops are mutually combinable and 
operate through an advanced communication means. The authors reviewed three 
recognized documents in area of current quality management systems: ISO 
9001:2015, IATF 16949:2016 and the last version of EFQM Model (EFQM, 
2019). 209 of various requirements related to the exchange of information were 
discovered there. A main distribution of these requirements is presented  
by Table 1. 

Internal feedback loops External feedbacks loops 

Horizontal feedback loops Vertical feedback loops 

Consists from 

CLQMS 

Ussually include 
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Table 1 – Number of Information Feedback Loops Required by Recognized 

Quality Management Systems Documents (Own Work)  

Information feedback loops ISO 9001:2015 IATF 

16949:2016 (in 
addition to 

ISO 9001:2015 

EFQM Model, 

version 2020 
(in addition to 

ISO 9001:2015 

or IATF 

16949:2016) 

Total 

Internal Horizontal 13 10 2 25 

Vertical 27 33 22 82 

External Horizontal 14 39 37 90 

Vertical 2 6 4 12 

Total 56 88 65 209 

Some examples of the information feedback loops required by ISO 9001:2015 
are shown by Table 2.  

Table 2 – Examples of Information Feedback Loops Required by ISO 9001:2015 

Information feedback loops ISO 9001:2015 requirement Relevant 

section of ISO 

9001:2015 

 
Internal 

Horizontal • Outputs from organizational context review 
• Results from internal audits 

4.1 
9.2.2 

Vertical • Assignment of the responsibilities and 
authorities for relevant roles 

• Information related to measuring equipment 
that was found to be unfit for its intended 
purpose 

5.3 
 

7.1.5.2 
 

 
External 

Horizontal • Information related to the quality policy 
• Information focused on customer complaints 

5.2.2 
8.2.1 

Vertical • Knowledge obtained from external sources 
• Outputs from control and monitoring of the 

external provider’s performance 

7.1.6 
8.4.3 

Demands of IATF 16949:2016 or EFQM Model compared to ISO 9001:2015 
basics are obvious. A comprehensive analysis bearing on real state of 
information flows within companies’ quality management systems seem to be a 
chance for the next research. 

4.2 Results of Empirical Field Research 

As mentioned in abstract, the research of authors was also aimed to discovering a 
readiness level of Czech production companies for CLQMS implementation. To 
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reach this aim, the authors performed an empirical field research from November 
2020 till March 2021. 

Two basic research hypotheses were declared on this purpose: 

H1: Overall readiness level for CLQMS implementation is below-average in 
Czech production companies. 

H2: Czech production companies in automotive supply chain have achieved a 
higher level for CLQMS implementation relative the other companies. 

573 Czech production companies from various areas of business were randomly 
selected with support of Albertina database. Data gathering was based on 
structured questionnaire which could be filled solely by electronical aid. The 
representative response was obtained from 121 companies, what means a real 
response rate 21.12%. Table 3 informs about companies’ distribution from 
business area point of view. 

Table 3 – Companies’ Distribution from Business Area Point of View 

Business area Number of respondents 

Automotive industry 48 

Machinery 20 

Textile industry 7 

Metallurgy 6 

Chemical industry 5 

Information technologies 5 

Food industry 5 

Civil engineering 4 

Healthcare industry 4 

Electronical industry 3 

Other 14 

Total 121 

The main findings of the research will be presented now through following 
figures. The horizontal axes in these figures always show a total number of 
respondents. 

The respondents were asked if an implementation of CLQMS is included into 
company’s strategic direction. Figure 2 shows results. 
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Figure 2 – Implementation of CLQMS as a Part of Czech Production 

Companies’ Strategic Direction 

The finding saying that more than 46% of Czech production companies do not 
consider implementation of CLQMS for the future is not quite positive. 

Which stakeholders have already challenged Czech companies to the feedback 
digitalisation came also under scrutiny. Results are presented by Figure 3. 

 

Figure 3 – Stakeholders Call to Czech Production Companies for the Feedback 

Digitalisation 

Certain demands for the feedback digitalisation come from supply chain’s links 
(such as suppliers or customers), especially in area of automotive industry. On 
the other hand, 77 respondents (what means 63.6 %) declared there is no concern 

0 10 20 30 40 50 60

Yes

No, and it is not considered for the future at all

No, but we consider it for the future

Research question: Has an implementation of CLQMS been already included 
into your company´s strategy direction?

Total Other Automotive

0 10 20 30 40 50 60 70 80 90

External customers

Suppliers

Employees

Owners

Public institutions

Representatives of community

None

Other

Research question: Which stakeholders have already challenged your company 
to the feedback digitalisation? 

Total Other Automotive
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from their stakeholders in this field. It implies that stimulating context for 
establishing of CLQMS is mostly missing in Czech industries. 

Research team was also addressed from what stakeholders Czech companies 
obtain feedback covering stakeholders’ requirements as well as perceptions 
related to the companies’ products. Figure 4 depicts main findings. Practically, 
all automotive companies gain such feedback from external customers and 
feedback from staff is not an exception. On the contrary: 15 companies do not get 
any feedback from stakeholders in spite of they are mostly certified against ISO 
9001:2015 standard. This contradiction is reflective of the certification process 
quality. 

 

Figure 4 – Feedback Gaining from Stakeholders by Czech Production 

Companies 

Another two questions tried to investigate expected positive effects as well as 
potential barriers associated with possible CLQMS implementation. Tables 4 and 
5provide main findings. While opinions bear on positive effects of CLQMS 
implementation are relatively similar at automotive and other industries, 
perception of potential barriers is substantially different: production companies 
which are active outside the automotive supply chain perceive some barriers 
more urgently. Difficult co-operation and communication between quality and IT 
professionals poses the only exception in this case. 

0 20 40 60 80 100 120

External customers

Suppliers

Employees

Owners

Public institutions

Representatives of community

None

Other

Research question: From what stakeholders your company obtains feedback 
covering requirements and perceptions related to your products? 

Total Other Automotive
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Table 4 – Potential Effects of CLQMS Implementation 

No. Description of potential effect Quantity of responses 

Automotive Other Total 

1. Creation of a long-term competitive advantage 31 38 69 

2. More exacting identification of the stakeholders 
requirements 

30 38 68 

3. Reduction of products’ time to market 22 36 58 

4. Enforcement of quality assurance across 
company processes 

24 27 51 

5. Rapid interventions when quality deviations 
occur 

30 21 51 

6. Support be-directional connections of people and 
processes 

23 25 48 

7. Support early warning concept at design and 
development 

19 19 38 

8. Efficient risks and opportunities management 15 17 32 

9. Better people involvement in decision-making 
activities 

9 22 31 

10. Optimization of quality related costs 17 11 28 

11. Possibility of mass products’ customization 20 4 24 

12. Enhancement of products compliance towards 
Six Sigma performance 

8 3 11 

Table 5 – Potential Barriers of CLQMS Implementation  

No. Description of potential barrier Quantity of responses 

Automotive Other Total 

1. Considerable time and capital investment 36 60 96 

2. Lack of financial resources 22 38 60 

3. Top managers mental stereotypes and 
unwillingness 

15 34 49 

4. Necessity of a new people knowledge and 
competence 

16 32 48 

5. Absence of long-term quality strategic direction 16 31 47 

6. Difficult co-operation and communication 
between quality and IT professionals 

14 10 24 
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5 CONCLUSIONS 

On basis of our investigation the following conclusions should be in place: 

• The field research confirmed both research hypotheses declared in section 
4.2. The current readiness of Czech production companies for CLQMS 
implementation is insufficient, despite the automotive sector reaches a 
higher level of such readiness. 

• The finding saying that nearly 50% of Czech production companies do not 
consider implementation of CLQMS for the future is warning signal with 
regard to the future development. 

• Respondents are aware of important positive impacts of CLQMS 
implementation, especially in area of companies’ agility and overall 
performance. 

• Due to potential barriers of CLQMS implementation, the current 
perception of Czech managers is not far away findings presented by 
Küpper et al. (2019) as a results of special study conducted by Boston 
Consulting Group. Because this study confirmed that technology is the 
only one piece of a broader quality transformation that must also focus on 
people and skills. 

• On the whole: The Quality 4.0 concept is in progress, as well as 
development of the closed-loop quality management systems. 

We are sure the Czech production companies will have not afford to ignore the 
Quality 4.0 concept as, perhaps, the quality management transformation is not 
only opportunity, but strong requirement how to adapt any company to the new 
industrial reality. 

Authors see three key prerequisites how to improve the readiness for CLQMS at 
Czech companies: 

1. To declare, implement and develop their vision focused on CLQMS and 
clearly communicate this vision internally and externally. 

2. To determine and release the resources needed for CLQMS establishing, 
maintenance and continuous improvement. 

3. New skills acquiring for all relevant roles and massive support of mutual 
cooperation between quality and information technology professionals. 
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