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ABSTRACT

TQM 4.0 model, the integration of TQM and Industry 4.0, is being discovered
and developed. Researchers have been building TQM 4.0 model, which is also
called Quality 4.0, by integrating the Industry 4.0 tools into the TQM system.
However, few empirical studies have indicated the indicators for the TQM 4.0
model. Presently, the implementation of TQM 4.0 focuses mainly on the
manufacturing industry. Therefore, it is important to develop the TQM 4.0
framework from key factors to specific indicators and their ranking in
manufacturing sector. Moreover, while some studies illustrate that TQM is a key
strategy for enterprises to achieve successful performance, providing a
comprehensive model to investigate the impact of TQM 4.0 practices on
performance remains unexplored. Typically, TQM has positively affected
performance; consequently, the question is whether TQM 4.0, designed towards
a sustainable business model, can improve sustainable excellence. To address
Issues, my thesis investigates two main studies. The first study focuses on
exploring TQM 4.0’s indicators and factors in production sectors. The second
study focuses on investigating the relationship between TQM 4.0 practices and
Sustainable Excellence.

In the first study, the author employed AHP (Analytic Hierarchy Process) and
Delphi approaches to determine the TQM 4.0’s main indicators and factors in
manufacturing organisations anchoring on the Socio-technical System (STS)
theory. A comprehensive examination of two Delphi rounds involving experts
from academia, consulting, and production/quality management identified ten
factors and totally 41 indicators. During the 3" round, the study assessed the
significance of each factor and indicator by employing the AHP approach. The
study indicated that social factors had higher importance than technical factors.
The results revealed that the three most important factors of the TQM 4.0
framework are “top management, quality culture 4.0, and integrating sustainable
development”. In addition, the study found that “top management commitment,
guality-driven mindfulness, and employee empowerment” were identified as the
most important indicators in the TQM 4.0 model.

In the second study, the author investigates the relationship between TQM 4.0
practices and Sustainable Excellence (SE) as well as the role of digital
transformation (DT) and digital leadership in this connection, anchoring on the
stakeholder theory, the natural resource-based view (NRBR) theory, and the
socio-technical system (STS) theory. Moreover, this study ranks the importance
of TQM 4.0 factors to enhance sustainable excellence. The research employs the
quantitative hybrid SEM-ANN (Structural Equation Model- Artificial Neural
Network) method to analyse empirical data in the manufacturing industry in
Vietnam. The findings demonstrate that TQM 4.0 practices positively influence
both digital transformation and SE. The mediate role of digital transformation and
the moderate role of digital leadership in the relationship between TQM 4.0
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practices and SE were confirmed in this study. This investigation provides the
initial endeavour to rank the importance of TQM 4.0 practices to enhance SE
using the ANN method. The findings could provide significant insights for
researchers and practitioners in evaluating the application of TQM 4.0 in the
manufacturing industry.



ABSTRAKT

Zacina se objevovat a rozvijet model TQM 4.0, integrace TQM a Industry 4.0.
Vyzkumnici se pokouseli vytvofit model TQM 4.0 (n¢ktefi ho nazvali Quality
4.0) a byl vytvofen integraci nastroji Primyslu 4.0 do systému TQM. Nicméng,
nekolik empirickych studii vSak naznacuje indikatory pro model TQM 4.0. V
soucasné dobé€ se implementace TQM 4.0 zam¢tuje pfedevSim na zpracovatelsky
prumysl. Proto je dilezité rozvinout naplihovani modelu TQM 4.0 od hlavnich
faktorti ke konkrétnim ukazateliim a jejich zafazeni ve zpracovatelském sektoru.
Nekteré studie zase dokladuji, Ze TQM je kliCovou strategii pro podniky k
dosazeni uspésného vykonu, i poskytnuti komplexniho modelu pro zkoumani
dopadu postupti TQM 4.0 na vykon ale zlstavaji neprozkoumané. Pro TQM je
typické, Ze pozitivné ovliviiuje vykon, v dasledku toho je otazkou, zda TQM 4.0,
navrzeny smérem k udrzitelnému obchodnimu modelu mize take zlepSit
udrzitelnost (k urovni exceleence). K vyfeSeni téchto problému tato prace piinasi
dvé hlavni studie. Prvni studie se zamé&fuje na zkoumani faktorti a indikatora
praxe modelu TQM 4.0 ve vyrobnich podnicich. Druhé studie se pak zamétuje na
zkoumani vztahu mezi postupy TQM 4.0 a Sustainable Excellence (tedy
udrzitelné excellence).

V prvni studii autorka aplikovala techniky Delphi a analytického
hierarchického procesu (AHP) a to ke zkoumani klicovych faktor a specifickych
indikatortt implementace modelu TQM 4.0 ve vyrobnich podnicich ukotvenych
na teorii sociotechnického systému (STS). Analyza dvou kol metody Delphi
prostfednictvim  odborniki z  akademické  sféry, konzultanti a
vedoucich/manazert vyroby/kvality zjistila deset faktort a celkem 41 ukazatelti.
Ve tfetim kole studie navic vazila dulezitost kazdého faktoru a indikétoru
prostfednictvim analyzy techniky AHP. Vyzkum ukazal, Ze socidlni faktory byly
faktory modelu TQM 4.0: top management, kulturu kvality 4.0 a integraci
udrzitelného rozvoje. Studie dale odhalila, Ze jako nejkriticté;si ukazatele modelu
TQM 4.0 byly specifikovany: odhodlani vrcholového managementu, v§imavost
fizena kvalitou a posileni postaveni zaméstnanci.

Ve druhé studii autorka zkouma vztah mezi praktikami TQM 4.0 a Sustainable
Excellence (SE tzn. udrzitelné excellence) a také roli digitalni transformace (DT)
a digitdlniho vedeni v této souvislosti. Pfitom vychazi z teorie stakeholdert,
pohledu zalozeného na pfirodnich zdrojich teorie (NRBR) a teorie
sociotechnického systému (STS). Kromé toho tato studie hodnoti dulezZitost
faktorit TQM 4.0 pro zvySeni udrzitelné excelence. Vyzkum vyuZiva kvantitativni
hybridni metodu SEM-ANN (Structural Equation Model-Artificial Neural
Network) k analyze empirickych dat ve zpracovatelském primyslu ve Vietnamu.
Zjisténi ukazuji, Ze postupy TQM 4.0 pozitivné ovliviiuji jak digitalni
transformaci, tak SE. V této studii byla potvrzena zprosttedkujici role digitalni
transformace a moderujici role digitdlniho vedeni ve vztahu mezi postupy TQM
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4.0 a SE. Toto Setfeni poskytuje pocate¢ni snahu o hodnoceni diileZitosti postupti
TQM 4.0 pro zlepSeni SE pomoci metody ANN. Vysledky by mohly byt cenné
jak pro vyzkumniky, tak pro odborniky z praxe pifi posuzovani implementace
TQM 4.0 ve vyrobnim sektoru 1 v budoucnu.
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1 INTRODUCTION
1.1 Research background

The 4" Industrial Revolution, called Industry 4.0, has brought a new face to
industrial development worldwide by providing a lot of modern and automated
technical tools and focusing on CPS (cyber-physical systems), Al (artificial
intelligence), ML (machine learning), and big data analysis (Cimini et al., 2020;
Chiarini, 2020; Zhou et al., 2020). This revolution significantly impacts various
sectors within the business environment, particularly the field of quality
management. TQM (Total Quality Management) is a long-standing management
method used by many businesses as an effective strategy to achieve success.
Traditional TQM usually focuses on managing systems, setting standards, and
improving continuously. However, some authors discuss that traditional TQM is
cumbersome and bureaucratic (Goetsch and Davis, 2013; Asif, 2020). Focusing
on standardisation and stability of typical TQM made adapting to a fast-changing
environment challenging. Therefore, organisations need a new TQM model which
Is leaner and more flexible. Hence, the combined Industry 4.0 and tools models
of TQM strategy are currently being explored. Researchers are working on
developing the TQM 4.0 model, also known as Quality 4.0, by incorporating
Industry 4.0 tools into the existing TQM model (Park et al., 2017; Sony et al.,
2020; Chiarini and Kumar, 2022).

TQM 4.0 operations might encounter a heightened level of complexity and
uncertainty. In 2019, the Covid-19 pandemic served as a prime example of the
volatility and unpredictability that present and future organisations must manage
(Fundin et al., 2020). Globally, the economy has been profoundly affected by the
Covid-19 pandemic, with manufacturing enterprises in particular. Consequently,
enterprises are seeking a management system that can effectively and promptly
adapt to these challenges. Enterprises can address obstacles that have arisen due
to the effect of the Covid-19 outbreak because of the implementation of TQM 4.0,
which offers a lean framework and the capacity to respond to unanticipated
external conditions. Manufacturing is the primary sector that is focusing on the
implementation of TQM 4.0. However, there is a lack of indications that may be
used to evaluate the application of TQM 4.0 in businesses. As a result, it is of the
utmost importance to possess indications and factors that will make it easier to
evaluate the level of success that TQM 4.0 techniques have achieved in
manufacturing businesses. As a consequence of this, it is essential to concentrate
on the development of the primary indicators and factors for the implementation
of TQM 4.0 practices. Furthermore, it is crucial to rank variables and indicators
in the process of implementing TQM 4.0 using AHP method.

TQM 4.0 focuses on using new technologies to support quality management to
achieve performance. In rapidly changing business environments, firms require a
system that gains not only financial performance but also achieves environmental
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and societal issues (Nguyen et al., 2023). The TQM 4.0 model, including
technology tools in Industry 4.0 and social connections, is a business strategy for
firms to achieve Sustainable Excellence (Nguyen et al., 2023). Nonetheless, the
literature on TQM 4.0 has indicated that there have been a few empirical studies
discovering this issue. We recently found some empirical studies on TQM 4.0.
For instance, Maganga and Taifa (2022) conducted a study to assess the
perceptions of Quality 4.0 among respondents in Tanzanian manufacturing
companies. Huang et al. (2022) empirically examine the influence of social and
technical Quality 4.0 on Industry 4.0 technologies and circular economic practices
in Malaysian SMEs. However, those studies have not figured out the connection
between TQM 4.0 practices and SE. Consequently, there exists a substantial gap
in knowledge concerning this relationship (between TQM 4.0 practices and SE)
that scholars should explore.

In addition, the role of the leadership, digital leadership, for example, is
essential in driving the effectiveness of TQM 4.0 (Sony et al., 2020; Nguyen et
al., 2023). Digital leaders can create networked enterprises and opportunities for
employees to understand how to work on the TQM 4.0 system, which can lead to
a transformation in digital works (Sony et al., 2020). According to Dun and
Kumar (2023), managers have to implement a transformational leadership style
for employees that facilitates the adoption of Industry 4.0 technologies. Digital
leadership, defined by De Waal et al. (2016), is an integration of digital
technology and the transformational leadership style. Ardi et al. (2020) examined
digital leadership through the lens of transformational leadership and concluded
that digital transformational leadership has a positive impact on the
innovativeness and performance of organisations. A question is how leadership
style impacts TQM 4.0 practices. The roles of digital leadership and DT in the
TQM 4.0 context are critical to be investigated. Despite this, few empirical studies
clarify this issue.

Moreover, the pandemic has caused widespread disruptions in the
manufacturing sector (Piyathanavong et al., 2022; Pansare and Yadav, 2022).
Manufacturing enterprises are having difficulties in regenerating activities in their
production. Pansare and Yadav (2022) conducted a comprehensive literature
review to define the leading Industry 4.0 tools and implementation of
reconfigurable manufacturing systems. The results show that quality practices are
important criteria for repurposing production operations. Consequently, exploring
TQM 4.0 practices for sustainable manufacturing has both theoretical and
practical significance in the manufacturing sector.

1.2 Research gaps

Although some authors attempt to research TQM in the context of Industry 4.0,
some issues need to be investigated.
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Firstly, most studies give general topics without fulfilling factors and indicators
for the TQM 4.0 framework and employ the literature review methodology (Park
et al., 2017; Asif, 2020; Sony et al., 2020; Sader et al., 2021). There is a scarcity
of studies that have employed a quantitative approach to investigate Quality 4.0.
For example, Glogovac et al. (2020) evaluated Quality 4.0 implementation based
on 9004:2008. The study is limited by the fact that it is not adaptable in terms of
updating the model. This is because the model is dependent only on the initial ISO
scheme, and the research that was carried out is applicable to all production and
service companies. Glogovac et al. (2020) suggested that further research on this
topic should explore all the indicators within factors and consider different
contexts. Moreover, Chiarini and Kumar (2022) conducted a study using
sequential mixed methods to investigate the main concept of Quality 4.0. On the
other hand, this study only focused on the most important components, and it did
not give a comprehensive list of indications that were pertinent to each different
factor. As a result, the absence of a complete collection of indicators and factors
Is a significant shortcoming that has to be addressed. Researchers and businesses
are able to execute and evaluate the use of TQM 4.0 in the industrial sector more
successfully with the assistance of these indicators and factors.

Secondly, previous models of Quality 4.0 were irrelevant to theories (Chiarini,
2020). Traditional TQM places a greater emphasis on standardisation and
stability, whereas Industry 4.0 emphasises the use of technology instruments.
Because of this, it would appear that humans' function inside the system is
becoming less significant. The solution to this issue will be discovered through
the implementation of a framework that is based on the concepts of STS theory.
The STS encourages adaptation, provides employees with a substantial amount of
autonomy, and provides them with a wide range of empowerment opportunities.
When combined with the rigid old TQM approach and the technical tools utilised
in Industry 4.0, it is an ideal complement to both of these environments.
Additionally, in order to attain both organisational stability and flexibility, Manz
and Stewart (1997) suggested combining TQM and STS simultaneously.
Chaudhuri and Jayaram (2019) also proposed that STS may be utilised as an
appropriate theory for the purpose of investigating the effect of integrating social
and technological components on QM and sustainability management. As a result
of its progress, the combination of STS with Industry 4.0 for the goal of achieving
sustainable development has emerged as a realistic answer for academics. During
the process of developing the application of Industry 4.0, Sony and Naik (2020)
proposed the STS theory. As a result, it is appropriate to use STS theory in order
to construct the TQM 4.0 framework, which successfully handles both social and
technological problems in a balanced manner. Additionally, this is a crucial kind
of repair for earlier research about Quality 4.0 models that were devoid of any
value to theories (Chiarini, 2020). The STS promotes employee empowerment
through the enhancement of individual and team autonomy. Consequently, it
fosters the development of flexibility, adaptability, and innovation. STS
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prioritises the enhancement of employees' productivity and the development of an
organisational culture that fosters creativity and innovation.

Thirdly, when implementing the TQM 4.0 framework, it is essential to provide
a ranking of the significant factors and indicators. Within the framework of the
TQM 4.0 paradigm, not all factors and indicators have the same amount of
influence. When analysing the TQM 4.0, it is necessary to give more weight to
the indications that are considered more critical while giving less weight to those
considered less relevant. Further inquiry is necessary to determine the significance
of particular elements on other dimensions within the TQM 4.0 model, according
to Glogovac et al. (2020), which also suggests that extra research is required.
Given the importance of this particular domain, it is of the utmost importance to
carry out research on the ranking of the major factors and indicators that are
included in the TQM 4.0 model.

Fourthly, some studies have illustrated that TQM is key important strategy for
enterprises to achieve successful performance (Ali¢, 2014; Kafetzopoulos et al.,
2015), and investigating the effect of TQM 4.0 practices on firms performance
remains unexplored. In the context of Industry 4.0, it is essential to develop a
comprehensive and sustainable business model aimed at quickly adapting to an
unstable environment and achieving sustainable development goals. There have
been efforts to define Quality 4.0 or TQM 4.0 based on the determined method
(Nguyenetal., 2023; Chiarini and Kumar, 2022). Nevertheless, TQM 4.0 research
Is in its early stages, with the majority of studies concentrating on the
conceptualization of TQM 4.0. As a result, providing a comprehensive model of
TQM 4.0 practices and organisational factors, sustainable performance, for
instance, is needed. This discovery is in the initial stages, as enterprises may be
just beginning to adopt TQM 4.0 practices. In general, from the standpoint of the
STS theory, it is suggested that TQM 4.0, which is geared towards a sustainable
business model, has the potential to be an essential component that drives
sustainable excellence (SE) in companies. In spite of this, the existing literature
has not clarified this issue. Consequently, it is important to take into consideration
the topic of how and why TQM 4.0 might actually enhance SE. It is absolutely
necessary to do research and practice in order to investigate the linkages that exist
between TQM 4.0 techniques and other factors. TQM and Excellence are two
concepts that usually co-exist in enterprises. The concept of business excellence
has arisen globally as a new trend that elevates TQM implementation frameworks
and quality award programs. Therefore, exploring the direct and indirect effect of
TQM 4.0 on SE is theoretically and practically significant. Furthermore, it is
necessary to research the roles of digital leadership and DT in the TQM 4.0 and
SE framework. The role of a leader is essential in driving the effectiveness of
TQM 4.0 (Sony et al., 2020; Nguyen et al., 2023). Because digital leaders have
the ability to create collaborative networked enterprises and provide opportunities
for employees to understand how to work on the TQM 4.0 system, this can lead
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to a transformation in the way digital works are performed (Sony et al., 2020).
The influence of leadership style on the practices of TQM 4.0 is an interesting
guestion. However, the roles of digital leadership and DT in the framework of
TQM 4.0 and SE are unexplored.

Finally, the pandemic has caused many problems in the manufacturing sector
(Piyathanavong et al., 2022; Pansare and Yadav, 2022). Companies that make
things are having trouble getting their production activities to start up again.
Pansare and Yadav (2022) thoroughly reviewed the literature to identify the most
important Industry 4.0 technologies and practices for reconfigurable
manufacturing systems. The results show that quality practices are essential in
repurposing production operations. So, looking into TQM 4.0 practises for
sustainable manufacturing is important from both a theoretical and a practical
standpoint. However, manufacturing enterprises have not investigated the
connection between TQM 4.0 practices and SE. Using the stakeholder, NRBR,
and STS theories as a foundation, this thesis aims to examine the associations
between TQM 4.0 practises and sustainable excellence in the manufacturing
sector, as well as rank the importance of factors to enhance SE in manufacturing
enterprises.

1.3 Research questions and objectives

This thesis aims to explore main factors and indicators and their ranking of the
TQM 4.0 model, as well as investigate the relationship between TQM 4.0
practices and Sustainable Excellence in the manufacturing sector.

From the main objectives, the following research questions and detailed
objectives are raised:

(1) Research question 1: What are the main factors and fulfil indicators of TQM
4.0 practices applied in the manufacturing sector?

Research objective 1. To investigate the TQM 4.0’s main factors and
indicators applied in the manufacturing sector.

(2) Research question 2: How important are the factors of TQM 4.0 practices
in the manufacturing sector?

Research objective 2: To rank important factors of TQM 4.0 practices in the
manufacturing sector.

(3) Research question 3: How important are the indicators in a factor and in the
total indicators of TQM 4.0 practices in the manufacturing sector?

Research objective 3: To rank the important indicators within a factor and in
the total indicators of the TQM 4.0 practices in the manufacturing sector.

(4) Research question 4: How do TQM 4.0 practices impact sustainable
excellence in the manufacturing sector?

Research objective 4: To test the impact of TQM 4.0 on sustainable excellence
in the manufacturing sector.
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Research objective 5: To investigate the roles of digital leadership and digital
transformation in the relationship between TQM 4.0 and sustainable excellence
in the manufacturing sector.

1.4 Research design

This study includes five research objectives. The first objective is to identify
the main indicators and factors of TQM 4.0 practices. The second objective is to
determine the importance of TQM 4.0’s factors in practice. The third objective is
to rank the indicators’ importance in a factor and in the total indicators in the TQM
4.0 practices. The fourth objective is to test the effect of TQM 4.0 practices on
sustainable excellence in manufacturing sector, and the final objective is to
explore the mediate and moderate effect of digital transformation and digital
leadership in the relationship between TQM 4.0 practices and sustainable
excellence in the manufacturing sector. To achieve 1%, 2" 3" objectives, this
thesis employs both Delphi and AHP approaches. To gain the research's 4" and
5% objectives, the author employs the quantitative Structural Equation Model
(SEM) method. Delphi can generate new ideas and valuable confirmations from
experts. AHP is a mathematical technique that facilitates pairwise comparisons of
multi-criteria and assigns relative weights to measurement items according to
their respective importance.

Table 1.1: Research design

Research objectives Methodology

Qualitative method:

ROL1: Investigating the TQM 4.0’s main factors and indicators _
Delphi method

in the manufacturing sector

Quantitative
method: AHP
method

RO2: Ranking the importance of factors of TQM 4.0 practices
in the manufacturing sector.

RO3: Ranking the importance of indicators within a factor and
in the total indicators of TQM 4.0 practices in the manufacturing
sector.

Quantitative
method: SEM-ANN
approach

RO4: Testing the effect of TQM 4.0 practices on sustainable
excellence in the manufacturing sector.

ROS5: Examining the roles of digital leadership and digital
transformation in the relationship between TQM 4.0 practices
and sustainable excellence in the manufacturing sector.

Source: own research
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According to Saunders et al. (2019), combining quantitative and qualitative is
designed in many business and management research. While employing a
guestionnaire may be a component of a research design, there are specific
justifications for incorporating "open" questions that require respondents to
express themselves using their own words instead of simply selecting the
appropriate checkbox (Saunders et al., 2019). This study has used a mix of
research approaches consisting of both qualitative and quantitative methods. The
qualitative approach is demonstrated through the Delphi method to identify the
fulfilment indicators and factors of the TQM 4.0 practices. The experts from
enterprises will be given in-depth interviews to generate the questionnaire based
on the literature review. In round 1, the experts will answer the closed-opened
questionnaire. Besides ticking the appropriate box, participants will provide
responses to open-ended questions regarding the author's comments on the TQM
4.0 model, as well as offer additional insights and opinions based on their
knowledge and experiences. The quantitative approach is demonstrated by using
numerical data collection method in Likert scale and data analysis (for example,
calculating Mean and Content Validity Ratio in the first and second rounds,
Normalized Pair-wise comparison matrix, criteria weights, global weights,
consistency ratio in the AHP technique).

To gain the fourth and fifth objectives, the author employs the quantitative
Structural Equation Model (SEM) method. Two types of non-random sampling
were utilised in the study: purposive and snowball. Purposive sampling focuses
on experts with experience in manufacturing companies that have applied TQM
practice and Industry 4.0 tools to TQM practice (from above supervisor positions,
such as supervisors, managers, and directors). The study also used the snowball
sampling technique. Because respondents have unique characteristics, they
involve some niche communities, so the study expands the respondents by
introducing them from original respondents. Finally, we have the list of 600
employees working in the Vietnam manufacturing sector. We sent them
guestionnaires in Google form and directly printed questionnaires. Two hundred
fifty-eight respondents in Vietnam that are valuable for analysis have been
collected. This sample size is acceptable for structural equation models by
calculating formulas from Cohen (1992), Faul et al. (2009), and Kock and Hadaya
(2018). Estimating the minimal sample size is one of the most fundamental
aspects of PLS-SEM. In PLS-SEM, a widely used method for estimating the
minimum sample size is the "10 times rule”. The suggested approach is to utilise
a sample size that is ten times the number of independent factors in the PLS path
model for complex regression (Barclay et al., 1995). Using this method, the
minimum sample size required for this study is 110. Cohen (1992) recommended
that 103 should be the minimum sample size for a PLS-SEM analysis. The author
employed G*Power software version 3.1.9.7 (Faul et al., 2009) to identify the
minimum sample size. The analysis yielded a minimum sample size requirement
of 123. Using the inverse square root method developed by Kock and Hadaya
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(2018) and presuming the minimum expected path coefficient is significant
between 0.11 and 0.20, approximately 155 observations would be required to
detect a significant effect at a 5% significance level. This criterion is satisfied by
the sample size of the present investigation (258 answers). The proposed model
was examined using the partial least squares (PLS) method. The SmartPLS
software was utilised to determine the measurement and structural model.

2 LITERATURE REVIEW

2.1 Theoretical lenses of the research
2.1.1 Socio-technical system theory (STS)

The Socio-Technical Systems (STS) theory is a framework that emerged in
organisational studies and centres on the interplay between social and technical
aspects within a system. Originating in the mid-20th century, specifically at the
Tavistock Institute in the United Kingdom, this theory seeks to enhance
organisational performance and human well-being by considering the combined
impact of social and technical elements (Trist, 1981). The STS theory promotes a
comprehensive perspective on organisations, considering them interconnected
systems in which social and technological elements rely on each other. The social
system encompasses individuals, interpersonal connections, roles, and the
prevailing organisational culture. It recognises the influence of human factors on
the performance of an organisation. A technical system collects tools, technology,
and processes that enable and support work activities. It acknowledges the
significance of developing efficient technical systems that align with human
requirements and capacities (Trist, 1981; Manz and Stewart, 1997; Davis et al.,
2014).

STS theory has been applied in many industries, such as manufacturing,
healthcare, and information technology, to design work systems that enhance
productivity and job satisfaction (Chaudhuri and Jayaram, 2019; Cimini et al.,
2020; Sony and Naik, 2020). Chaudhuri and Jayaram (2019) proposed that STS
has the potential to function as an appropriate theoretical foundation for the
investigation of the impacts of integrating social and technological components
on QM and sustainability management. The majority of the gains that have been
made because of Industry 4.0 have been in the technological realm, and they do
not immediately connect to the social components of the organisation (Kupper et
al., 2019). The consequence of this is that there is an imbalance between the social
and technical parts of the circumstance. Tools developed for Industry 4.0 fail to
take into account the human aspect, and quality models do not address this
problem. STS promotes flexibility, significant autonomy, and a wide range of
employee empowerment. Therefore, it is an appropriate addition to the rigorous
traditional TQM and of Industry 4.0's resources. Sony and Naik (2020) propose
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the consideration of STS theory in designing and implementing Industry 4.0 for
sustainable management. Sony and Naik (2020) propose a method for integrating
the perspective of STS theory into the architectural design for combination during
the implementation of Industry 4.0. Effective execution of Industry 4.0
necessitates the integration of various aspects, including vertical, horizontal, and
end-to-end integration. The result proposes a development strategy for systems in
Industry 4.0 by integrating STS on various aspects such as men, infrastructure,
technology, processes, culture, procedure and goals.

In the TQM field, the principles of STS theory and TQM are combined to create
a comprehensive framework for organisational improvement. Both approaches
emphasise the importance of involving employees in decision-making, promoting
collaboration and shared responsibility for quality. They share systems thinking
perspective, identifying and addressing root causes of quality issues and
promoting continuous improvement and skill development (Manz and Stewart,
1997).

For the purpose of achieving both organisational stability and flexibility, Manz
and Stewart (1997) incorporated both STS and TQM. Integrating the principles of
STS and TQM creates a comprehensive framework for improving organisations.
STS theory promotes a comprehensive organisational perspective, encompassing
both technical and social dimensions. In addition, TQM strives for a holistic
approach to quality improvement. By integrating these various perspectives,
organisations can effectively address the interdependence of people, processes,
and technology in their pursuit of total quality. TQM and STS theory both place
significant emphasis on the criticality of employee participation in decision-
making procedures. Employee participation is vital to TQM's commitment to
continuous improvement. This is supported by STS theory, which acknowledges
that the efficacy of technical systems is contingent upon the individuals operating
them. Incorporating these ideas fosters a culture of collaboration and shared
accountability for quality. The STS theory promotes the integration of technical
and social systems in their optimisation. TQM aims to optimise operations in
terms of quality. By aligning these objectives, organisations can develop systems
that not only optimise efficiency and quality but also consider the welfare and
capabilities of their personnel. The STS theory's emphasis on flexibility and
adaptability is congruent with the TQM's commitment to continuous
improvement. Both approaches recognise that organisations must adapt to
technological developments, processes, and market conditions. By incorporating
these principles, one can guarantee quality management practices' continued
effectiveness and relevance.
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Fig 2.1: TQM and STS integration.
Source: Manz and Stewart, 1997

Traditional TQM emphasises establishing standards and maintaining stability,
whereas Industry 4.0 emphasises utilising advanced technical tools. The STS
theory framework is a comprehensive solution for integrating social aspects into
both TQM and Industry 4.0. STS cultivates an atmosphere that encourages
employee autonomy, flexibility, and a substantial degree of self-governance. It is
the ideal complement to the technological instruments of Industry 4.0 and the
rigidity of conventional TQM. Therefore, it will be suitable to implement a
sustainable TQM 4.0 framework by constructing the TQM 4.0 model in
accordance with STS theory.

2.1.2 Stakeholders theory

The stakeholder theory is a popular concept in business and management. Its
primary emphasis is on the interactions between organisations and the many
groups of people interested in those organisations. It recognises that organisations
are responsible not just to their shareholders but also to a diverse variety of
persons and groups that have a stake in the actions and results of the organisation.
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In addition, organisations have to hold their shareholders accountable. According
to the principle, businesses should consider the concerns and requirements of all
of their stakeholders and work hard to provide value for those individuals
(Flammer, 2013).

Donaldson and Preston (1995) showed that the input-output paradigm is
opposed to the stakeholder theory, which emphasises the significance of
stakeholders' perspectives. Stakeholder analysts argue that all individuals and
organisations with genuine interests participate in a business to receive benefits.
Consequently, communication occurs between the corporation and the numerous
constituencies considered stakeholders. All stakeholder connections are depicted
in the same size and shape and are evenly dispersed from the "black box"
representing the organisation in the centre of the diagram. As they continue their
investigation, the unique characteristics of this concept in comparison to more
conventional input-output theories will become apparent.

Investors Political
Groups
N &
el FIRM sl

YE AN
Trade
Associations Employees

Fig 2.2: The Stakeholder theory
Source: Donaldson and Preston (1995)

Instrumental stakeholder theory is an extension of stakeholder theory that
considers corporate social responsibility (CSR) initiatives as a method to gain
required resources or stakeholder support. This theory views CSR efforts as
achieving essential resources or stakeholder support. According to Flammer
(2013), introducing a new recycling programme may boost a company's brand
and bring in consumers and stakeholders who are environmentally sensitive. The
genuine entity theory is an alternative interpretation of stakeholder theory. This
interpretation views the corporation as an independent and distinct entity whose
function is predetermined by the organisation that seeks to incorporate it.
According to Claassen (2023), it is vital to thoroughly comprehend the goals and
functions that corporations serve within our society. The notion of stakeholders
has developed over time, and there have been further attempts to integrate it with
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the academic study of strategic management. The "new stakeholder theory" (NST)
strongly emphasises the ethical and financial dimensions involved in
organisations' value creation and value appropriation. This reconvergence of
stakeholder theory may lead to a greater understanding of the organisation of
stakeholders and their role in working together to create value (Bridoux and
Stoelhorst, 2022).

A number of different theories and conceptual frameworks, such as corporate
social disclosure and corporate social responsibility (often abbreviated as CSR),
have been connected to stakeholder theory. Arguments and discussions have
concerned the connection between stakeholder theory and corporate social
responsibility (CSR). While some academics consider them to be alternative
conceptual frameworks, others consider them to be almost interchangeable. On
the other hand, a thorough understanding of the connection between stakeholder
theory and CSR has not yet been thoroughly investigated (Dmytriyev etal., 2021).
According to Franco et al. (2020), the stakeholder theory puts social responsibility
into practice, which would result in considerable financial advantages while also
optimising the overall interests of stakeholders. Examples of stakeholders include
customers, suppliers, shareholders, employers, lawmakers, environmental
defenders, and social responses. Others are more concerned with organisational
rivalry and financial success, while other stakeholders are more concerned with
social responsibility.

In conclusion, the stakeholder theory is a valuable framework that emphasises
how important it is to take into account the interests and requirements of all
stakeholders in making decisions inside an organisation. It has been expanded
upon and combined with some different conceptual frameworks and theoretical
frameworks, such as the instrumental stakeholder theory, the fundamental entity
theory, and strategic management research. Stakeholder theory has seen an
increase in popularity, but at the same time, it has been subjected to criticism and
requests for additional clarity.

2.1.3 Natural Resource-based View (NRBR) theory

Hart (1995) established the natural-resource-based concept of the firm, which
embraces the natural environment, to address firms' mounting ecological issues.
Future strategy and competitive advantage will likely be based on characteristics
that enable ecologically friendly economic activities (Hart, 1995). The author
created a three-part NRBV framework: pollution control, product stewardship,
and sustainable development.

The NRBV paradigm of competitive advantage focuses on a company's natural
resources, according to Barney (2001). The resource-based view (RBV)
hypothesis underlines how firms generate economic rents from scarce, valuable,
and expensive resources and skills (Barney, 2001). The NRBV theory includes
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the natural environment to meet firms' growing ecological challenges because the
RBV hypothesis ignores environmental limits (Markley and Davis, 2007). NRBV
theory states that strategy and competitive advantage will be built on abilities that
enable eco-friendly economic activities. It advises NRBV on pollution avoidance,
product stewardship, and sustainable development (Markley and Davis, 2007).
Environmental management integration in strategic planning improves financial
and environmental performance and gives firms a competitive edge (Judge and
Douglas, 1998). The NRBV theory also values resource orchestration managers'
efforts to organise, bundle, and use company resources (Sirmon et al., 2011).
Resource orchestration illustrates RBV theory by emphasising managers' resource
use for competitive advantage. It can be employed across the firm, maturity, and
organisational levels (Sirmon et al., 2011). The NRBYV theory also values natural
resources for sustained competitive advantage (Pan et al., 2020). The NRBV
hypothesis states that environmentally responsible economic behaviour can give
companies a long-term competitive advantage by promoting nature-environment
harmony (Pan et al., 2020). The Natural Resource-Based View theory
incorporates nature. It supports strategic planning that includes environmental
issues and uses natural resources for business. According to the hypothesis,
resource orchestration and eco-friendly economic behaviour can create lasting
competitive advantage. By managing their natural resources, firms can increase
performance and sustainability.

Table 2.1: Conceptual Framework of Natural Resource-based View

Strategic Pollution Prevention | Product Sustainable Development

Capability Stewardship

Key Resource | Continuous Stakeholder Shared vision

improvement integration

Environmental | Minimise emissions, | Minimise  life- | Reduce the ecological impact

Driving Force | effluents, and waste | cycle cost of | of the expansion and progress
products of the company

Competitive Lower costs Preempt Future position

Advantage competitors

Source: Hart (1995)

The theory of Natural Resource-Based View (NRBYV) finds application in
various fields, including quality management. The importance of natural
resources to sustainable competitive advantage is emphasised by the NRBV
theory. (Agyabeng-Mensah et al., 2021). In quality management, the NRBV
theory advocates using natural resources to improve products and services
(Vasudevan, 2021). NRBV theory can be used for quality management by
incorporating environmental considerations into strategic planning. Research
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shows that including environmental management concerns in strategic planning
improves financial and environmental performance (Judge and Douglas, 1998).
Businesses can improve performance by considering natural resource impacts on
quality and incorporating environmental concerns into quality management.
Resource orchestration and efficient resource management are also stressed in the
NRBV theory. Businesses can use resource orchestration to improve quality
management by optimising resource allocation. This may involve using
sustainable procurement or eco-friendly production methods to improve quality.
NRBV theory can also help build sustainable quality management and supply
chain practises. Businesses can improve product quality and sustainability by
considering environmental supply chain and social factors (Agyabeng-Mensah et
al.,, 2020). This may entail green supply chain practises, including waste
reduction, energy conservation, and ethical sourcing, which can improve quality.
In conclusion, the NRBV paradigm helps increase organisational performance
through quality management. Businesses can improve product quality by
incorporating environmental issues into strategic planning, maximising resource
allocation, and using sustainable supply chains. The NRBV theory helps firms
gain a sustainable competitive advantage through quality management by
explaining the link between natural resources and quality results.

2.2 Industry 4.0 definition

The Fourth Industrial Revolution, commonly referred to as Industry 4.0, is
characterised by the adoption of intelligent digitalisation and the integration of
information technology in order to establish a smart factory. It is possible for
humans, machines, and goods to communicate with one another in this factory
through both physical and virtual channels. The implementation of this innovation
has the potential to improve sustainability (Zhou et al., 2020; Neumann et al.,
2021). Four industrial revolutions underwent a lengthy development process, as
depicted in Figure 2.3.

The First Industrial Revolution took place between 1760 and 1820, during
which individuals recognised the potential of utilising water and steam power to
transition from manual production to mechanised processes, thus called
“mechanisation”. The term "Second Industrial Revolution" refers to the period of
rapid industrialisation from the late 1800s to the 1900s. During that period, our
society began utilising electric power for large-scale manufacturing and assembly
lines powered by electricity, a process commonly referred to as “electrification”.
The Third Industrial Revolution commenced in the 1950s and was subsequently
succeeded by the phenomenon known as "digitisation” until the 1970s.
Individuals began using artificial digital logic circuits, computers, cellular phones,
and the internet to generate output independently. The most recent advancements
in the Fourth Industrial Revolution involve the utilisation of cyber-physical
systems, big data analytics, cybersecurity, simulation, autonomous robots,
vertical and horizontal system integration, additive manufacturing, the cloud, the
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internet of things, artificial intelligence, machine learning, and augmented reality.
(Chiarini, 2020; Zhou et al., 2020).
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Fig 2.3: The four “Industrial Revolutions”
Source: Speringer (2019)

2.3 Total Quality Management (TQM) development

Total Quality Management (TQM) is a popular strategy applied in doing
business in the industry sector (Miller, 1996; Goetsch and Davis, 2013; Zhang et
al., 2020). TQM comprises a collection of principles, tools, and methodologies
that facilitate stakeholder satisfaction for both executives and staff. Additionally,
TQM encompasses all organisational components rather than concentrating
merely on the systems involved in the design, production, and deployment of the
organization's products and services. This system encompasses all auxiliary
systems, such as finance, human resources, and marketing. TQM is an
organization-wide concept that incorporates every function and level, from the
highest to the lowest (Goetsch and Davis, 2013).

While certain academics characterise TQM as aligned with quality
management standards like 1SO 9001 and ISO 9004, alternative perspectives
integrate TQM into business excellence frameworks, including Baldrige, EFQM,
and Deming Prize. 1SO 9001 defines the criteria that govern quality management
systems. The fundamental principles of this standard are centred around quality
management, including the optimisation of customer satisfaction, active
participation and engagement of senior management, implementation of a
process-oriented methodology, and ongoing progress. The 1SO 9004 standard
offers recommendations for enhancing an organization's ability to attain sustained
prosperity. It also comprises a self-evaluation instrument that gauges the degree
to which the standard has been incorporated (1SO, 2021).
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Sader et al. (2019) stated that the quality management development process
consists of the following components: quality assurance, quality control, and total
quality management. Furthermore, as illustrated in Figure 2.4, the TQM was
integrated into Industry 4.0. In this process, quality control is an item-centric
procedure that utilises a variety of statistical control tools and inspection
techniques to detect any defective products. In addition to guaranteeing the output
of superior products, quality assurance enhances the manufacturing process's
stability. Quality Management (TQM) is an all-encompassing managerial
ideology that concerns itself with the quality of systems, processes, and products.
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Fig 2.4: The development of TQM
Source: Sader et al. (2019)

2.4 Quality Management implementation in Four Industrial
Revolutions

Throughout the history of four industrial revolutions, quality management
(QM) implementation in organisations has undergone significant transformations.
The inspection of the finished product throughout the First and Second Industrial
Revolutions gave rise to the QM methodology. Following that, the scope of the
inspection was expanded to include the evaluation of outputs (including semi-
finished and final products), processes, and inputs (including materials and
machinery). At this juncture, statistical process control (SPC) was implemented.
A variety of instruments are employed by engineers in their work, such as control
charts, scatter diagrams, checklists, flowcharts, fishbone diagrams, Pareto charts,
histograms, stratification charts, and run charts. These tools were employed with
the intention of resolving issues and improving procedures through the collection
and analysis of data that would form the basis for making decisions. Significant
advancements were made in the field of SPC techniques during the course of the
Third Industrial Revolution. These methodologies laid the groundwork for the
creation of numerous others, such as the Design of Experiments (DOE) and
Robust Design Methodology. Although SPC has the capability to regulate a
multitude of variables, which particular variable necessitates regulation? The

29



methodology of DOE is utilised in order to investigate this matter. An
unprecedented approach to improving a procedure through the identification of
cause-and-effect connections. In the 1980s, Genichi Taguchi made the significant
realisation that the design of a product or process could be deemed responsible
for the preponderance of issues. Taguchi successfully implemented the DOE in
order to construct the Robust Design methodology. Implementing the "do it right
the first time" principle, the method enhanced the product/process design in order
to achieve a superior outcome.

The Quality Management System (QMS) was firmly established in the 1990s.
It is acknowledged that the notion of QMS encompasses an extensive philosophy.
1987 marked the introduction of the initial ISO 9001 standard by the International
Organisation for Standardisation (ISO). This standard provides a structured
approach to establishing and overseeing a system that guarantees consistent
customer contentment by improving the quality of products and services. The ISO
14001 standard was implemented for environmental management systems in
1996. This criterion requires the implementation of practical tools in order to
manage their environmental responsibilities efficiently. However, QMS offers a
structural framework devoid of any tools or statistical methodologies. Introduced
in 1995, the Six Sigma method is a breakthrough improvement approach that
utilises advanced statistical techniques. The Six Sigma methodology offers a
range of technical tools to enhance the effectiveness of processes. Improving
performance and reducing process variation contribute to decreased defects and
increased profits, staff satisfaction, and product or service quality.

In the Fourth Industrial Revolution context, Total Quality Management (TQM)
incorporated Industry 4.0 technologies into a unified system known as "TQM
4.0". Industry 4.0 encompasses advanced technologies, including cyber-physical
systems, simulation, big data analytics, autonomous robots, the Internet of Things,
and Al. TQM 4.0 possesses distinct attributes that differentiate it from previous
QM models. TQM 4.0 employs advanced information technology (IT) and
efficient inspection tools to inspect the whole item rather than relying on sampling
carefully. In addition, businesses have the option to procure quality assurance,
guality control, and real-time inspections. Patrons possess the capacity to design
merchandise that can be modified to accommodate their particular inclinations.
As a result of the convergence of quality expertise and data science within the
context of Industry 4.0, the combined profession known as "data & quality
scientist” is formed.
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Fig 2.5: Quality management implementation in Four Industrial Revolutions
Source: own research

2.5TQM 4.0 and STS theory integration

In this study, supported by STS, we emphasise both social and technical
approaches in TQM 4.0.

2.5.1 Social factors

“Top management 4.0”: The engagement, dedication, and support of top
management are crucial components that must be present in order to execute
traditional TQM successfully (Goetsch and Davis, 2013; Jaca and Psomas, 2015).
Likewise, numerous researchers held the view that the effective execution of a
TQM 4.0 framework necessitated the active participation and unwavering
dedication of top-level management (Sony et al., 2020; Chiarini and Kumar,
2022). Chiarini and Kumar (2022) suggested that in order to implement TQM 4.0,
upper management should establish and disseminate explicit strategic goals,
objectives, and criteria to all employees. This will facilitate the effective execution
of these objectives through the provision of essential resources and the assessment
of results attained.

“Quality culture 4.0”: According to Goetsch and Davis (2013), “Quality
culture is an organisational value system that results in an environment that
promotes the establishment and maintenance of quality”. As Goetsch and Davis
(2013) demonstrate, comprehensive quality implementation in the absence of a
quality culture can result in catastrophic outcomes. Asif (2020) emphasises the
significance of encouraging mindfulness in Quality 4.0 while investigating
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QM models that are in line with Industry 4.0. This approach differs from
traditional quality management routines as it involves actively observing rather
than passively seeing, confirming rather than simply conforming, and taking
deliberate actions instead of relying on automaticity. Managers should encourage
employee empowerment in a quality culture 4.0 (Kupper et al., 2019). The Socio-
technical system theory (STS) emphasises the importance of focusing on
sustainability and flexibility in TQM. Besides, the STS encourages employee
empowerment by fostering increased levels of autonomy on both the individual
and individual team levels. TQM 4.0 should promote a collective understanding
among individuals throughout the organisation regarding their respective roles in
attaining quality objectives, which should be communicated to different kinds of
enterprises (Kupper et al., 2019).

“Digital skills for quality staff”: As stated by Kupper et al. (2019), the
objective of Industry 4.0 is not labour force reduction; instead, it requires the
development of novel skill sets. It is evident from this study that Quality 4.0 does
not diminish the significance of individuals in the process of ensuring quality. By
equipping employees with the requisite knowledge and skills to proficiently
employ digital tools and deliver data-driven narratives, future manufacturing
facilities can be ensured to be of the highest quality. As part of the TQM 4.0
framework, quality control employees ought to develop greater skills in cyber-
physical systems, analytics, and artificial intelligence (Chiarini and Kumar, 2022;
Kupper et al., 2019). In light of the TQM 4.0 framework, quality personnel will
devote a reduced amount of time to operational duties such as inspections and
increase their focus on problem-solving and preventive activities. Significant
contributions to QM have been made by quality experts with backgrounds in
statistical QC and industrial engineering; in the near future, data scientists and
quality experts will eventually get to form a single profession. In addition, Park
et al. (2017) emphasised that the ability to think creatively during team activities
Is the most crucial skill for achieving the overall achievement of TQM 4.0.

“Intellectual capital management”: TQM 4.0, which Asif (2020) introduced,
places particular emphasis on the growth and advancement of intellectual, human,
and social capital. While quality management models do place emphasis on
human resources, they do not overtly prioritise the growth and application of
human capital. In this thesis, the TQM 4.0 framework places emphasis on the
development of social capital, which refers to the interpersonal relationships and
partnerships among personnel, both internal and external in an organisation.
(Glogovac et al., 2020). The TQM 4.0 framework places an additional emphasis
on the management of intellectual capital, which encompasses a variety of
elements, including customer connections, reputation, business values, staff
loyalty, and brand image (Glogovac et al., 2020; Asif, 2020 ).

“Smart organisation”: According to Fundin et al. (2020), leaders are required
to create and oversee an intelligent organisation inside the TQM 4.0 framework.
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The senior leadership will endorse projects, cultivate organisational expertise, and
assist in the development of successful innovations. The TQM 4.0 paradigm
enables businesses to streamline their processes, making them more efficient and
responsive, allowing for rapid adaptation to a dynamic environment (Asif, 2020).
Furthermore, Sader et al. (2019) highlighted the manner in which the
implementation of TQM 4.0 technologies will improve collaboration and
communication by enabling connectivity and social networking. Furthermore,
these technologies will promote innovation and streamline the sharing of ideas
across manufacturing stakeholders and partners. Moreover, Asif (2020) supposed
that TQM 4.0 would facilitate the integration of enterprises throughout business
ecosystems. TQM 4.0 has the potential to successfully adapt to a quickly changing
environment by actively participating in both exploration (external innovation)
and exploitation (internal innovation) (Fundin et al., 2020).

“Integrating sustainable development”: An organisation that is sustainable
will prioritise serving society and the planet. It will establish a connection between
quality and sustainability and strive for excellence in promoting sustainability
(Isaksson, 2019; Fundin et al., 2020). Therefore, it is essential for quality
management systems (QMS) to include environment management systems
(Fundin et al., 2020). Then, the TQM 4.0 framework should have elements that
effectively integrate sustainable growth within a dynamic and unpredictable
context.

2.5.2 Technical factors

Besides focusing on the social approach, the TQM 4.0 framework also
emphasises technical aspects, including five factors below.

“Automated document control”: According to Chiarini and Kumar (2022),
there is a prevailing belief that a paperless approach is now expected for Quality
Management Systems (QMS). The TQM 4.0 model incorporates automated and
real-time document control, specifically for designs and work instructions. In this
thesis, TQM 4.0 will contain digital SOPs to ensure that employees are provided
with the latest instructions (Kupper et al., 2019).

“Automatic data collection”: Industry 4.0 tools facilitate data management
through the utilisation of ERP modules, such as product life cycle management
or the manufacturing execution system (Chiarini and Kumar, 2022). Under the
framework of TQM 4.0, various data types, including the statistic of defective or
discarded goods, the amount of time spent on reworking by both labour and
machines, and the number of customer complaints, product returns, will be
automatically collected. It is essential to have an automated system for gathering
data relating to customers, including product demands, complaints, and levels of
satisfaction (Chiarini and Kumar, 2022).

“Smart Quality Control”: In Industry 4.0, the use of smart sensors and
inspection technology in real-time will lead to a growing shift from sample
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inspection to total inspection (Park et al., 2017; Sader et al., 2019). In their study,
Chiarini and Kumar (2022) introduced a novel form of SPC that utilises artificial
intelligence to predict and identify various defects that may occur during
machining. This advanced system also offers real-time feedback to the machine,
enabling it to adjust parameters autonomously without requiring human
intervention. High-quality data are automatically collected from different
processes and managed within ERP modules (Chiarini and Kumar, 2022).

“Smart Quality Assurance”: The implementation of Industry 4.0, including
Internet of Things, artificial intelligence (Al) and machine learning (ML), would
empower the production system to take proactive measures by predicting and
preventing potential issues (Sader et al., 2019; Chiarini and Kumar, 2022). In
addition, Sader et al. (2019) demonstrate that 4" Industrial Revolution will
enhance processes, improve efficiency of resource allocation, and minimise the
effort needed for quality issues by utilising sensors at every production stage. The
process of big-data analysis involves gathering real-time data generated during
production and transforming it into meaningful and accessible information that
can be comprehended and utilised by various business departments (Sader et al.,
2019). Under the framework of TQM 4.0, organisations will implement smart
improvements by leveraging real-time data and maintaining digital
documentation (Asif, 2020).

“Smart product”: Sader et al. (2019) stated that the utilisation of big-data
analysis has the potential to predict market demand and consumption. According
to Asif (2020), the use of artificial intelligence enables accurate forecasting of
clients' preferences. Smart products utilise Al-based predictions to meet customer
demands and provide the ability to identify and track items. In their study, Chiarini
and Kumar (2022) demonstrated the significant potential of smart technology in
facilitating the identification and tracking of TQM 4.0’s tools and items. This was
achieved through the utilisation of sensors and RFID technology integrated into
products. The TQM 4.0 framework incorporates industry 4.0, enabling customers
to actively participate in the manufacturing process instead of being passive
recipients.

The detailed factors of the TQM 4.0 model are presented in Table 2.2.
Table 2.2 Explanation of key factors of TQM 4.0 model

1 Top management
1 | Top management | Top management needs to commit to | Chiarini and Kumar
commitment TQM 4.0 development in the TQM 4.0 | (2022);Glogovac et al.
model. (2020).
2 | Top management | Top management needs to be involved in | Chiarini and Kumar
involvement TQM 4.0 development in the TQM 4.0 | (2022);Glogovac et al.
model. (2020).
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Top management | Top management needs to provide | Chiarini and Kumar

provides resources. resources for TQM 4.0 development in | (2022);Glogovac et al.
the TQM 4.0 model. (2020).

Top management | Top management needs to establish | Chiarini and Kumar

establishes policy, | policy, strategic, and objectives for TQM | (2022);Glogovac et al.

objectives. 4.0 in the TQM 4.0 model. (2020).

Quality culture 4.0

Quality-driven TQM 4.0 should promote employee self- | Asif (2020)
mindfulness leadership and proactive problem-
solving rather than relying on standard
procedures.
Employee The TQM 4.0 model should foster the | Kupper et al. (2019);
empowerment empowerment of employees within the | Xu et al. (2020)
enterprise.
Individuals' TQM 4.0 should encourage a culture | Kupper et al. (2019)

comprehension of their
role in attaining quality
objectives

where individuals throughout the
organisation comprehend their
responsibilities in attaining quality
objectives.

Quality articulation

In TQM 4.0 model, organisations will
employ digital media to clearly
communicate  quality goals and
objectives to all levels of the
organisation.

Kupper et al. (2019)

Skill 4.0

Skills related to data
analytics, Al

In TQM 4.0 model, it is important for
quality control employees to improve
their skills in data analytics.

Chiarini  and Kumar
(2022); Kupper et al.
(2019)

Digital skills for quality
staff

In TQM 4.0 model, quality employees
will allocate less time to operational
duties like inspections and more time to
resolving issues and engaging in
proactive measures.

Chiarini  and Kumar
(2022); Kupper et al.
(2019)

Digital communication

skill

TQM 4.0 model requires employees to
apply digital tools and can tell data-
driven stories

Kupper et al. (2019)

Data scientists as quality
experts

Data scientists are regarded as quality
experts in the TQM 4.0 model.

Park et al. (2017)

Team creativity

In TQM 4.0 model, creative thinking
emphasizes team activities in the design
stage and QM activities.

Park et al. (2017)

Intellectual capital management

Human
management

capital

In addition to managing human
resources, the TQM 4.0 model should
prioritise cultivating and utilising human

Asif (2020); Glogovac et
al. (2020).
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capital, including the expertise and
competencies of employees.

Social
management

capital

The TQM 4.0 model should prioritise the
growth of social capital, which includes
the interpersonal connections among
individuals inside and outside an
enterprise.

Asif (2020); Glogovac et
al. (2020).

Intellectual
management

capital

TQM 4.0 should prioritise intellectual
capital management, encompassing
elements such as reputation, employee
allegiance, customer  connections,
corporate values, and brand perception.

Asif (2020)

Smart organisation

Top
supports
spreads
knowledge

management
initiatives,
organisational

Top  management  will  promote
initiatives, disseminate organisational
knowledge, and expand successful
innovations in TQM 4.0.

Fundin et al. (2020)

Lean
organisation

structure

TOM 40 will lead to the
implementation of  lean organisational
structures,  resulting in  improved
operational efficiencies and expedited
decision-making through the utilisation
of Al-based systems.

Asif (2020); Fundin et al.
(2020)

Collaboration
stakeholders

all

TOM 4.0 technologies will improve
communication and creativity by using
connectivity  and social media,
facilitating innovation and fostering the
exchange of ideas among various
production entities and stakeholders,
including suppliers, patterners,
customers, and investors.

Sader et al. (2019)

Networked
Mmanagement

firm
within

business ecosystems

Companies provide a digital platform for
buyers and sellers in TQM 4.0.
Companies and logistics providers utilise
the same platform to offer services
smoothly and uninterruptedly.

Asif (2020)

Adaptability in change

TOM 4.0 model will adapt to the
fluctuating environment with exploration
(external innovation) and exploitation
(internal innovation)

Fundin et al. (2020)

Integrating sustainable development

Link quality and | TQM 4.0 model requires a connection | Fundin et al. (2020);
sustainability between quality and sustainability. Ramanathan (2019)
Corporations  serving | TQM 4.0 model prioritises quality- | Fundin et al. (2020);

society

focused management to serve society.

Ramanathan (2019)
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Sustainable operations

TQM 4.0 model should focus on
enhancing operations to be more
sustainable.

Fundin et al. (2020)

Integration of
environmental
management systems

TQM 4.0 model requires the integration
of EMS.

Fundin et al. (2020)

Technical factors

Automated document control

Incorporation of | Organisations should incorporate quality | Chiarini and Kumar
documentation into ERP | management documents into ERP | (2022)
modules and automated | modules and implement automatic
revision revision when there are changes in

products or processes in TQM 4.0.
Electronic In TQM 4.0 model, utilising electronic | Chiarini  and Kumar
documentation documentation for QMS is necessary. (2022)
Real-time document | Work instructions are subjected to | Chiarini and Kumar
control automation and real-time control in TQM | (2022)

4.0.
Digital standard | SOPs are provided to ensure that workers | Kupper et al. (2019)
operating procedures | possess the latest instructions in TQM
(SOPs) 4.0.

Automatic data collection
Automatic data | Throughout the product lifecycle, data | Chiarini and Kumar
collection throughout the | will be collected autonomously in TQM | (2022)
lifecycle of the product. | 4.0 via CPSs, sensors, and the 1oT.
Automatic product- | In TQM 4.0 model, various forms of | Chiarini and Kumar
related data collection product-related data are gathered | (2022)

automatically, such as the quantity of

defective or discarded products, the

amount of time spent on reworks by both

labour and machines, and the quantity of

returned items and complaints.
Automatic  customer- | Customer-related data, including product | Chiarini  and Kumar
related data collection requirements, complaints, and | (2022)

satisfaction levels, is
collected in TQM 4.0.

automatically

Smart Quality Control

Real-time
inspection

quality

Real-time quality inspection is applied in
the TQM 4.0.

Sader et al. (2019);
Sader et al. (2021)

Total inspection

TQM 4.0 will permit total inspection as
an alternative to sample inspection.

Sader et al. (2019);
Park et al. (2017)

Machine learning-based
SPC

In TQM 4.0 model, a novel form of
statistical process control (SPC) that
utilises machine learning to forecast
various types of defects that may occur
during the machining process provides

Chiarini  and Kumar

(2022)
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feedback to the machine, enabling it to
autonomously adjust its parameters
without requiring human intervention.

Data integration in ERP

Automatic quality data collection from
various processes is incorporated into
enterprise resource planning (ERP)
modules in TQM 4.0.

Chiarini  and Kumar

(2022)

10

Smart Quality Assurance

Using artificial
intelligence software for
prediction and
prevention

Preventive intervention for avoiding
downtime or system failure and
predictive maintenance in advance will
be implemented via Al software in TQM
4.0.

Chiarini
(2022);
(2019)

and Kumar
Sader et al.

Using sensors at each
production stage

TOM 4.0 model will facilitate the
optimisation of processes, enhance
resource allocation and efficiency
through the use of sensors at every stage
of production, and offer mechanisms to
support quality activities to reduce
rework and scrap.

Sader et al. (2019)

Big-data analysis

Big-data analysis will gather and
transform all real-time data generated
during manufacturing into  useful,
actionable information in the TQM 4.0.

Sader et al. (2019)

Making
adjustments

intelligent

TQM 4.0  will make informed
modifications using real-time data and
uphold digital files.

Asif (2020)

11

Smart product

Predict market demand
and consumption trends

TOM 4.0 tools will facilitate early

prediction of market demand and
changes in  consumption  trends
accurately.

Asif (2020); Sader et al.
(2019).

Smart identification and
traceability technologies

Smart technologies can substantially aid
organisations in the identification and
monitoring of products in TQM 4.0.

RFID technologies and
smart sensors

The TQM 4.0 model identifies and traces
products through the use of RFID
technologies and intelligent sensors on
packaging and products.

Chiarini  and Kumar
(2022)
Chiarini  and Kumar
(2022)

Customers' involvement
in the production process

The connectivity features of Industry 4.0
will enable customers to participate in the
manufacturing process instead of only
receiving goods in TQM 4.0.

Sader et al. (2019)
Fundin et al. (2020)

2.6 Sustainable Excellence

The quality community has witnessed the conception and development of
excellence since the early 1980s; at this point, it has come to dominate the
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landscape of quality models and awards. According to Talwar (2011), excellence
is implemented through a variety of frameworks and activities, spanning from less
structured approaches to models, programmes, and awards that are meticulously
structured. Excellence is a legitimate approach to improving performance and
quality, involving organisations on a global scale, and producing unquestionably
stable results (Edgeman, 2018). Larger quality-based excellence awards seem to
have well-established, strong brands and networks (Carvalho et al., 2021). For
example, the European Foundation for QM renamed its honour the “European
Quality Award” to the “European Excellence Award” (EFQM, 2017), while the
Malcolm Baldrige Quality Award shifted its focus to the acknowledgement of
“performance excellence” (ASQ, 2017).

Globally, the concept of business excellence has emerged as a new trend that
elevates TQM implementation frameworks and quality award programs.
However, the corporate excellence trend has largely ignored the environmental
and societal components (Edgeman and Eskildsen, 2014).

Sustainable excellence is achieved when key stakeholder segments' competing
and complementary interests, including social and environmental impacts, are
harmonised to enhance the potential of enduring enterprise success and
sustainable competitive forces (Edgeman and Eskildsen, 2014). According to
Carvalho et al. (2021), businesses seeking sustainable excellence should
encourage an innovative and effective management structure, be backed by
similarly effective management tools, and establish a comprehensive knowledge
of the driving principles underlying QM and operational excellence. Sustainable
excellence is attained by utilising an integrated organisational design and function
strategy that prioritises exceptional performance across domains, including
customer-focused, financial, operational, supply chain, human resources,
marketplace, environmental, and business intelligence and analytics (Edgeman
and Eskildsen, 2014).

The relationship between TQM and excellence has been validated in empirical
research and practical cases. The majority of studies demonstrate that TQM and
Excellence operate collaboratively. According to Goetsch and Davis (2013),
to attain organisational excellence, which is essential for sustained success in a
global context, it is imperative to deliver exceptional value to customers
consistently. Total quality is a comprehensive approach encompassing all three
exceptional value components. Total quality refers to enhancing the quality of
products, processes, services, and costs. The organisations that successfully
implement the TQM approach will most likely attain organisational excellence.
Eriksson et al. (2016) analyse and examine significant quality-related obstacles
organisations encounter and investigate integrating these challenges into existing
excellence models. According to the study, QM is still in the process of adopting
and adjusting to a dynamic business environment. The study highlights the need
for further research in several significant domains, including how TQM can
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develop in various contexts, with varying demands for exploratory and adaptive
capabilities, the intersections of QM and sustainability, and how customers and
stakeholders can actively advance excellence. A case study by Srinivasan,
Sarulkar and Yadav (2023) employed the widely recognised quality methodology
known as Lean Six Sigma (LLS) to achieve operational excellence in the steel
sector. This research demonstrated the efficacy of using Lean Six Sigma (LSS) in
the steel manufacturing industry to remove inefficiencies, improve process
performance, and attain operational excellence. Overall, case studies and
empirical research demonstrate the implementation of TQM principles and tools
that produce advantageous performances which exemplify business excellence
(Goetsch and Davis, 2013; Carvalho et al., 2021; Srinivasan et al., 2023).

2.7 The research framework and hypothesis development

TQM and Excellence are two concepts that usually co-exist in enterprises.
While some scholars believe them to be the same conception (Wade, 2000), others
contend that they are distinct concepts that might and should coexist (Dale et al.,
2000). Thus, the argument around the relationship between excellence and TQM
may be extrapolated to other quality initiatives and utilized to predict the future
of excellence (Carvalho et al., 2021). In this study, the author mentions the TQM
4.0 model that integrates TQM principles, tools of industry 4.0, and social
components, which is expected to be a complete model for sustainable excellence.
According to Carvalho et al. (2021), sustainable excellence requires a new age in
business and manufacturing and solves the many difficulties that corporate
environments and societies are now confronting. This approach must be adaptable
to rapidly changing markets and environments while re-centring the notion of
excellence on its quality fundamentals. With the deployment of industry 4.0
technologies, TQM 4.0 should adapt to rapidly changing markets and
surroundings, enabling enterprises to achieve sustainable excellence.

This research uses stakeholders, natural resource-based view (NRBR), and STS
theory to explore direct and indirect relationships among TQM 4.0, digital
transformation, digital leadership, and sustainable excellence. According to
Franco et al. (2020), based on the stakeholder theory, implementing social
responsibility would achieve significant financial gains and optimize
stakeholders' overall interests. Customers, suppliers, shareholders, employers,
policymakers, environmental defenders, and social respondents are examples of
stakeholders. Some stakeholders are primarily concerned with social
responsibility, while others are focused on organizational competition and
financial performance. For achieving SE, a strategy such as TQM 4.0 must gain a
balance and satisfy all stakeholders.
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Sustainable
Excellence

Natural
Resource
Based View
Theory

Stakeholder
theory Total Quality Management 4.0

Industry 4.0 Social factors

Socio-technical system theory

Fig 2.6: Conceptual framework
Source: own research

When researching sustainability, one of the most common ideas employed is
the theory of natural resource-based views (social, environmental, and economic
aspects). This theory was created from the resource-based concept, which has
emerged as a key theory in strategic management (Barney et al., 2001). The
traditional resource-based view, which fails to acknowledge the competitive
capacities that result from environmental preservation, energy conservation, a
decrease in resource utilization and waste, and an increase in quality, led to the
development of the natural resource-based theory (Agyabeng-mensah et al.,
2020). According to Hart et al. (2008), the natural resource-based approach
indicates that a firm's three main strategic capability goals are product
stewardship, sustainable development, and pollution prevention. Pollution
prevention's primary goal is to reduce emissions, while product stewardship
directs the choice of raw materials and design disciplines to reduce the
environmental impact of product systems. Additionally, the definition of
sustainability broadens its focus to include social, economic, and environmental
issues. Companies use strategies for continuous improvements, such as TQM, to
reduce emissions. Natural resource-based views theory argues that companies
with TQM proficiency will be able to amass the resources required for pollution
avoidance more quickly than companies without prior capability (Hart et al.,
2008). Therefore, NRBR supports the positive effect of TQM 4.0 on SE.

In addition, the STS theory is utilised in the construction of the TQM 4.0 model,
which incorporates not only technological tools but also social connections that
will motivate social enterprise (Nguyen et al., 2023). These social connections
include a link between quality and sustainability, corporations serving society,
and the integration of environmental management systems. As a result, one
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approach advocated for companies that are interested in achieving SE is to
implement a TQM 4.0 framework that is based on STS theory. As a result, the
author hypothesises that TQM 4.0 practices have a constructive and immediate
impact on SE.

Hi: TQM 4.0 practises positively and directly impact sustainable excellence.

In addition, the use of TQM 4.0 will stimulate the digital transformation (DT)
of organisations. DT is a deliberate process of implementing strategic
changes based on modern technology (Bresciani et al., 2021). DT is also defined
as a means of adapting business processes, cultures, and organisational aspects to
align with evolving market demands resulting from advancements in digital
technologies (Nasiri et al., 2020). DT has multiple ramifications that alter business
models, influence employment for executives, staff, and knowledge workers, and
affect organisational cultures (AINuaimi et al., 2022; Abbu et al., 2022).

TQM 4.0 is a system that emphasises installing tools related to Industry 4.0, so
DT will be made faster when organisations apply TQM 4.0. Individuals are stated
to play an essential part in the accomplishment of DT in Industry 4.0, as stated by
Neumann et al. (2021). In the TQM 4.0 system, human-related variables are
brought to the forefront through the promotion of employee empowerment,
guality-driven mindfulness, and enhanced skill 4.0, which includes abilities
relating to analytics, artificial intelligence, customer relationship management
(CRM), digital communication, and the creative capacity of teams. According to
Rajput and Singh (2020), individuals participating in TQM 4.0 will make a
substantial contribution to the overall success of DT. The author of this study put
forth the hypothesis that TQM 4.0 practices have a positive and direct effect on
DT.

H,: TQM 4.0 practices positively and directly affect digital transformation
(DT).

The manufacturing industries are undergoing digital transformation, paving the
way for data-driven, intelligent, networked, and resilient production systems.
Rajput and Singh (2020) created a model to reduce the overall cost and energy
consumption of equipment in order to promote a circular economy and sustainable
production through the use of DT. Thus, DT is more likely to influence sustainable
excellence directly and positively. Through DT, TQM 4.0 practises include not
only the automatic collection of data via the use of Al software for prediction and
prevention but also the development of smart products by predicting market
demand and consumption trends. Customisation of the product is one of the
companies' primary emphases for differentiating themselves from the competition
and generating sustainable competitive advantages Piyathanavong et al. (2022).
In order to accomplish SE, businesses practise the TQM 4.0 paradigm via DT.
Thus, the author argues that DT directly affects sustainable excellence and plays
a mediating role in the relationship between TQM 4.0 practices and SE.
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Hs: Digital transformation directly and positively impacts sustainable
excellence.

H,4: Digital transformation mediates the relationship between TQM 4.0 and
sustainable excellence.

The role of the leader in assuring and driving the transition to TQM 4.0 has
been highlighted in the literature (Sony et al., 2020; Nguyen et al., 2023). For DT
to be successful, organisations require digital leaders who build collaborative
networked enterprises and define digital competencies. Digital leadership is a
complex concept encompassing multiple dimensions, including authentic
leadership, transactional leadership, and transformational leadership (Prince,
2018). According to Alnuaimi et al. (2022), digital leadership is a combination of
transformative leadership and digital technologies. Several studies show that
digital leadership positively influences DT (Abbu et al., 2022; Alnuaimi et al.,
2022). Abbu et al. (2022) found that digital transformational leadership and
organisational agility have a positive effect on DT in the public sector. According
to Alnuaimi et al. (2022), digital leaders are essential to the success of DT because
they can instil organisational and employee confidence in these disruptive and
often hazardous endeavours. Considering the importance of digital leadership in
both the digital age and the TQM 4.0 paradigm, the author proposes that digital
leadership moderates the following relationships between TQM 4.0 and SE.
Therefore, the following hypothesis is developed from a review of the relevant
literature:

Hs: Digital leadership moderates the relationship between TQM 4.0 and
sustainable excellence.

Hy
Digital
transformation
H, H,
v
Total Quality H, Sustainable
management 4.0 % Excellence

o
Digital leadership

Fig 2.7: Proposed research model.
Source: own research
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3 RESEARCH METHODOLOGY
3.1 Research process

Figure 3.1 shows the proposed process for exploring the indicators and key
factors of the TQM 4.0 practices and testing the hypotheses around the
relationship between TQM 4.0 practices and Sustainable Excellence. The process
starts with the identification of factors based on the existing literature and
suggestions from business and academic experts. Then, the confirmation of the
indicators and factors are analysed using the Delphi and AHP techniques. The
guestionnaire is provided to experienced practitioners and academic experts in the
field. The questionnaires were circulated until group consensus was high. In this
study, the final factors and indicators are found after two rounds. Achieving
objective three, the author determines the important weight among factors and
indicators of TQM 4.0 practices by deploying the AHP method. Finally, the study
focuses on exploring the relationship between TQM 4.0 and sustainable
excellence. The research employed two forms of non-random sampling:
purposive and snowball. Purposive sampling focuses on experts with experience
In manufacturing companies that have applied TQM practice and Industry 4.0
tools into TQM practice (from above supervisor positions, such as supervisors,
managers, and directors). The study also used the snowball sampling technique.
Because respondents have unique characteristics, they involve some niche
communities, so the study expands the respondents by introducing them from
original experts.

In study 2, the author also used two types of non-random sampling: purposive
and snowball. Purposive sampling targets individuals who possess expertise in the
field of manufacturing and have practical experience in implementing TQM
practises, specifically in companies that have also utilised Industry 4.0 tools in
conjunction with TQM. In addition, the study employed the snowball sampling
technique. Due to the distinct attributes of the respondents, who are part of
specific niche communities, the study broadens its participant pool by adding
more experts. Finally, the author has a list of employees working in the Vietnam
manufacturing sector. We sent them questionnaires in Google form and directly
printed questionnaires. Two hundred fifty-eight respondents in Vietnam that are
valuable for analysis have been collected.
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Fig 3.1: Research process
Source: own research
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3.2 Research Methods

3.2.1 Delphi and AHP method

The original Delphi method was established by Dalkey and Helmer (1963). It
operates as a strategy that methodically gathers the viewpoints of a number of
experts regarding a specific problem. According to Dalkey and Helmer (1963),
the original Delphi is a broad approach to organising group communication and
making it successful enough to allow a group of persons working as a whole to
cope with complicated problems. This strategy maximises the benefits of having
an expert panel through anonymity while minimising the potential downsides of
collaborative decision-making. However, the traditional Delphi is time-
consuming and costly because of the need for repetitive surveys to gain converge
values. Therefore, Murry and Hammons (1995) introduced the modified Delphi
method to overcome the drawbacks. Utilising a structured questionnaire in the
modified Delphi method not only aids experts in concentrating on the matter at
hand but also results in time and cost savings (Min, 2015). Hence, this research
employs a modified Delphi approach to identify the important factors and
fulfilment indicators of TQM 4.0 practices.

The Analytic Hierarchy Process (AHP) is frequently combined with the Delphi
method to investigate indicators. The AHP, developed by Saaty (1990), is a highly
effective methodology for resolving complex problems. Subsequently, many
studies employed the AHP combined with the Delphi method, thereby adopting a
blended approach for exploratory purposes to examine managerial perspectives
on crucial factors (Min, 2015; Delbari et al., 2016; Wong et al., 2020). This
research employs the Delphi method to investigate the key factors and fulfilment
indicators of the TQM 4.0 application. The AHP technique is utilised to calculate
the relative importance of factors and indicators in implementing TQM 4.0
practices.

Step 1: Develop an the first questionnaire.

The first questionnaire was dispatched to the panel of experts. The
guestionnaire includes a set of questions derived from the researchers' expertise
and insights gathered from the synthesised literature. The respondents comprise
consultants, academics, and experts (See Table 3.1). Academics were lecturers
who taught or did research in TQM. Practitioners, such as production or quality
managers and supervisors, were required to possess a minimum of five years of
experience in management, along with fundamental proficiency in Industry 4.0
technologies. They are the most knowledgeable individuals regarding TQM and
integrating Industry 4.0 tools into TQM to deliver the most accurate and valuable
information.
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An assessment group reviewed and made corrections to the pilot version of the
questionnaire. Following the revision process guided by expert feedback, the
author developed the first questionnaire describing the TQM 4.0 model, which

comprises eleven factors and forty-four observed indicators.

Table 3.1: Profile of panellists in the Delphi rounds.

No. | Tasks Academics | Consultants | Supervisors/ Total
Managers numbers
1. | Literature  review 03 02 02 05
and deep interview
2. | Round-1 03 04 39 46
3. | Round-2 02 03 28 33
4. | Round-3 (AHP) 02 01 08 11

Step 2: The first round of Delphi analysis

The author divided questionnaire into 4 parts (See Appendix 1). Part 1 includes
questions about TQM 4.0 and expert’s understanding of TQM 4.0. If experts have
knowledge about TQM and Industry 4.0, they will continue to part 2. In the second
section, the factors and indicators are outlined on a Likert scale ranging from 1
(indicating low importance) to 5 (indicating extremely high importance). In the
third section, participants will respond to open-ended questions regarding the
author's statements on the TQM 4.0 model and provide more information
regarding the TQM 4.0 framework. In conclusion, the fourth section gathers
general data, including the organization's sector, expert personnel's experience,
and position. For the purpose of facilitating the subsequent round of the survey,
the author gathered the email addresses of the participants in this round.

For the first analysis round, 46 observations were utilised. Mean and content
validity ratio (CVR) are computed by the author; values of CRV < 0.29 or Mean
< 3.5 points are rejected. As Lawshe (1975) stated, the minimum acceptable score
for CVR with a panel of forty experts is 0.29. The CVR for every indicator is

computed as follows:

(e —3)

N/2
In this formula, ne is the panellists’ number indicating “essential”, and N
represents the number of panellists in total (Lawshe, 1975).

(CVR) Content Validity Ratio =
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The three opinions established by Lawshe (1975) for every item were essential,
not essential but useful, and not necessary. This study has to match two scales, as
it employs a Likert scale. Correspondingly, we consider extremely important and
very important to be equivalent to essential. In contrast, we consider moderately
Important to be equivalent to not essential but useful, slightly important and not
Important and not necessary to be equivalent to equal to not necessary,
respectively.

Step 3: The second Delphi round analysis

All 46 experts analysed in the first Delphi round were emailed by the author.
Thirty-three experts have provided their responses (See Table 3.1). The author
also computes the Mean and CRYV in this phase. Mean values below 3.5 points or
CRV below 0.33 are rejected due to the fact that the minimum acceptable score
for CVR, as determined by a panel of 30 experts (Lawshe, 1975), is 0.33.
Appendix 2 represents the second questionnaire.

Step 4: The third Delphi round analysis (AHP approach)

This step aims to ascertain the importance of every factor and indicator by using
comparative judgements in pairwise. Saaty (1990) stated that in this process,
panellists are required to make comparisons between two factors or indicators.
The participants were able to indicate their preference between each pair of factors
and convert these preferences into numbers from 1 to 9, with intermediate values
of 2,4, 6, and 8.

The participants will compare the relative importance of factor A and factor B
in the TQM 4.0 framework to determine factors holding greater importance.
Suppose factor A has the same importance as factor B; select 1 value. If factor A
holds greater importance than factor B, select a numerical value ranging from 2
to 9 points on the left side. Otherwise, select option B on the right side. Grade 9
holds the greatest importance.

= =
2 z z 2
> o > % % > o >
El 12| |®» |5 || |5 |= |&] |[E
v > 5 o © o 5 > v
= 5 o o 2 0 o 5 5 B
A S| > (&l (=] (@] =] |8 |3 |&
Options olo[Nlo|ln|t (M| n|d|a|d|t|(n|o|N|o|a Options
Top management |U |00 0 g ojojojgjo|olojo|d| 0l O0|Quality Culture 4.0

Such an example means that in the TQM 4.0, the “Quality Culture 4.0 is less
important than “Top management” factor. The fulfilled questionnaire answer
example is presented in Appendix 3,4.
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According to Saaty (1987), a Consistency ratio (CR) value from 0.1 to 0.2 is
accepted, whereas those below 0.1 represent a good consistency of the results.
The CR value was analysed to integrate the weights of indicators and factors,
resulting in the development of a final weighted score for measuring the
implementation of the TQM 4.0 framework in production companies.

The author checks the reliability and consistency of collected data by
calculating consistency ratio (CR). The consistency ratio is calculated as:

CI (consistency index)

CR (consistency ratio) = RI (random index)

RI is presented in detail in Table 3.2.
CI( Consistency index) is defined as:

A —-n
CI — max
n—1
Table 3.2: Random index values
n Random | n Random | n Random
Index Index Index
02 0.00 05 1.11 08 1.40
03 0.52 06 1.15 09 1.45
04 0.89 07 1.35 10 1.49

Note: n is number of criteria
Source: Saaty (1987)

According to the existing literature on AHP applications in construction
management, there is no minimum sample size requirement for AHP analysis
(Darko et al., 2019). Some studies employed sample sizes spanning from four to
nine participants. As a result, the research collected data from eleven experts (who
responded to the two previous rounds) to analyse in the AHP approach is
acceptable (See Table 3.1). The author calculates the average criteria weights and
CR of eleven experts for final results.

3.2.2 Structural Equation Model (SEM) and ANN approach

This study evaluates the proposed model by employing an analytical
methodology that integrates PLS-SEM and ANN (Artificial Neural Networks)
approaches. The author chose PLS-SEM over CB-SEM because this study was
exploratory rather than confirmatory (Hair et al., 2017). The initial model
complexity and large number of indicators required the PLS-SEM method (Hair
etal., 2017). Nevertheless, it should be noted that PLS-SEM is limited in its ability
to investigate non-linear interactions between constructs. Raut et al. (2018) and
Al-Sharafi et al. (2022) employ ANN and PLS-SEM to assess the relative
importance of independent variables after normalisation. When employed, the
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SEM-ANN approach provides both non-linear and linear relationships among
variables and enhances the understanding of the Sustainable Excellence (SE) of
manufacturing firms.

Sample size estimation

To ensure that the PLS_SEM analysis yields statistically significant results, it
IS necessary to calculate the sample size. In doing research, there are numerous
methods for determining the sample size; this thesis will examine a few of them
in order to calculate the appropriate sample size for the study.

According to Hair et al. (2022), analysis results will be questionable if the basic
sampling theory guidelines are disregarded. Ensuring compliance with the
recommended minimum sample size instructions makes sure that the outcomes of
a statistical technique, such as PLS-SEM, possess sufficient statistical power.
Insufficient sample size can lead to a type Il error, as it may fail to identify an
existing effect in the overall population. Furthermore, conducting statistical
analyses in accordance with the recommended instructions of minimum sample
size will guarantee the reliability of the statistical process's outcomes and the
generalizability of the model to another sample drawn from the population.
Following is a discussion of the PLS-SEM and its minimum sample size
requirements.

Several early investigations conducted a systematic evaluation of the efficacy
of PLS-SEM using small sample size, and the results indicate that this method
works well. Furthermore, Hair et al. (2017) indicated that PLS-SEM is the
preferred method when the sample size is not large. Nonetheless, PLS-SEM also
performs exceptionally well with the large amount of observations (Hair et al.,
2022).

The 10-minute rule is a common method for calculating sample size. This
concept suggests that the sample size for the regression in the PLS path model
should be ten times the number of independent variables (Barclay et al., 1995).
Using this method, the minimum sample size required in this study is 110.
However, according to Hair (2022), the 10-times rule is an unreliable approach
for determining sample size requirements in PLS analysis. According to Hair
(2022), statistical power analysis provides a more accurate estimate of the sample
size, while the inverse square root methodology is a more conservative method
for determining the minimum sample size. To evaluate statistical power, scholars
may use power tables (Cohen, 1992) or power analyses with software like
G*Power (Faul et al., 2009). In this study, the author use G*Power software
version 3.1.9.7 to calculate the minimum sample size requirement. The author
chose “F tests™; statistical test is “linear multiple regression: fixed model, R?
deviation from zero”; and type of power analysis is “ A priori: Compute require
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sample size given o, power and effect size”. The detailed input and output
parameters are presented in Figure 3.2. The result shows that the minimum sample
size requirement of 123.

o G*Power 3.1.9.7 - X
File Edit View Tests Calculator Help

| Central and noncentral distributions Protocol of power analyses

critical F = 1.87593

0.8 1

0.6

0.4 4

0.2 4

0

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Test family Statistical test
F tests » Linear multiple regression: Fixed model, R? deviation from zero ™
Type of power analysis
A priari: Compute required sample size - given &, power, and effect size b
Input Parameters Qutput Parameters
Determine => Effect size f2 0.15 Noncentrality parameter A 18.4500000
o err prob 0.05 Critical F 1.8759266
Power (1-B err prob) 0.8 Numerator df 11
Number of predictors 11 Denominator df 111
Total sample size 123
Actual power 0.8036318

X-¥Y plot for a range of values Calculate

Fig 3.2: Calculating sample size from G*Power
Source: own research

The minimum sample size obtained from these estimations might still be
insufficient despite the fact that power analysis employs the most complex
regression and researchers typically aim to achieve 80% of power level (Kock and
Hadaya, 2018). For example, the minimum sample size requirement in this study
is only 123. In addressing these issues, Kock and Hadaya (2018) presented the
inverse square root technique, which examines the likelihood that a route
coefficient's ratio and standard error would exceed a test statistic's critical value
for a certain significance level. Hair et al. (2017) supposed that a significance of
5 per cent is usually used in management. So, in this study, the author chooses a
significance of 5 per cent in testing the hypothesis. Determined a typical power
level of 80 per cent and significance level of 5 per cent; the minimum sample size
(Nmin) Is calculated by the following formula:

2
2.486
|Pmin

Significance level =5%: 7, >
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Where pmin represents the path coefficient with the minimum magnitude in the
PLS path model, table 3.3 illustrates the minimum number of sample size
requirements for various significance levels and pmin ranges. For instance,
assuming the minimum expected path coefficient is significant between 11 per
cent and 20 per cent, one would require approximately 155 respondents to detect
a significance at a 5% significance level.

Table 3.3: Minimum sample size according to inverse square root technique

Pmin Significance levels
1% 5% 10%
0.05-0.1 1,004 619 451
0.11-0.2 251 155 113
0.21-0.3 112 69 51
0.31-0.4 63 39 29
0.41-0.5 41 25 19

Source: Hair et al. (2022)

In this study, the author collected data from 258 respondents to achieve the
requirement of minimum sample size. The questionnaire is presented in Appendix
5.

Structural model and Measurement model evaluation

According to the results of Hair et al. (2022), the estimation process produces
empirical estimates of the connections between the indicators and the constructs,
which are called measurement models. It also determines the relationships
between the constructs, which are known as structural models. The estimates
allow for the evaluation of the measures' quality and the assessment of whether
the model yields adequate outcomes in terms of explaining and predicting the
target constructs. The method of model evaluation consists of two steps, as shown
in Table 3.4. This table shows key criteria and threshold values for evaluating
measurement models (step 1) and the structural model (step 2).

Table 3.4: Key criteria for evaluating measurement and structural model.

Step 1: Measurement model evaluation
Criteria Threshold value
Indicator reliability Indicator’s outer loadings >0.7: Accept
0.4 —0.7: Consider
<0.4: Delete
Internal consistency Cronbach’s alpha >0.7: Accept
0.6 — 0.7: Consider

52



Convergent validity analysis | AVE: Average variance | >0.5: Accept
extracted
Discriminant validity | HTMT: Heterotrait- | <0.9:  Accept  for
analysis monotrait ratio similar constructs
<0.85:  Accept for

different constructs

Step 2: Structural model evaluation

Collinearity

VIF

<5 : Acceptable
< 3 : Preferable

Significant and relevance of
structural model relationship

The Path coefficients

Nearly to +1: strong
positive relationships

Nearly to 0: no

relationships

Nearly to -1: strong
negative relationships

P value p=1%—10%: depend
on study
The model’s explanatory | R?: Coefficient of [R?> = 0 —1: higher
power Determination number indicating
higher ~ power  of
explanatory
f2: effect size >= 0.02 means small
size value
>=0.15 means medium
size value
>= 0.35 means large
effect sizes
The model’s predictive | Q% Predictive relevance 0—0.25 means small
power relevance value
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0.25—0.50 means
medium relevance
value

>=0.50 means large
relevance value

Source: Hair et al. (2022)

Stage 2: ANN method

This study uses ANN because it detects both non-linear and linear relationships
better than multivariate linear regression, logistic regression, and SEM. ANN
results for Vietnamese data (90% randomly selected samples for training, 10% for
testing). ANN algorithm performs ten models in this stage.

A neural network comprises an input layer, numbers of hidden layers and an
output layer. In this study, the author used sigmoid function as a stimulating
function for the hidden and output layers. The output and input neuron values
were constrained to a range from zero to one to enhance the performance of ANN
model (Kalini¢ et al., 2021; Sharma et al., 2021). In order to minimise the issue
of overfitting problem, researchers usually used a technique of ten-fold cross-
validation. This procedure uses 90 per cent of the collected data for the training
process and allocates the rest of 10 per cent for testing process (Kalini¢ et al.,
2021). The research model contains one endogenous construct (SE) and eleven
exogenous constructs in one ANN model. Figure 3.3 depicts that the ANN model
has eleven factors of input layers representing exogenous constructs, namely, top
management, quality culture 4.0, skill 4.0, smart organisation, integrating
sustainable development, automated document control, automatic data collection,
smart quality control, smart quality assurance, smart product, digital
transformation and one output layer (sustainable excellence).
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Fig 3.3: ANN model (SE as Dependent Variable)
Source: own research

After calculating the parameters, Artificial Neural Network (ANN) was
validated by computing the RMSE (Root Mean Square Error). This parameter is
widely used to check the accuracy of constructing the model (Raut et al., 2018;
Al-Sharafi et al., 2022). The value of RMSE can represent the errors in the testing
and training process.

4 STUDY 1: DEVELOPING TQM 4.0 INDICATORS IN
THE MANUFACTURING SECTOR.

This study utilised Delphi and AHP methods to determine key factors and
fulfilment indicators for implementing the TQM 4.0 practices in
the manufacturing industry. The study used the Delphi method, consisting of two
rounds, to gather input from a group of experts from consultants, academics, and
top management (supervisors or managers) in production and quality department.
The study successfully identified ten factors and totally 41 indicators. This
research also evaluated the important factors and indicators using the AHP
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method. Based on the findings, social factors are considered to be of greater
significance compared to technical factors. The study identified three most
Important factors of the TQM 4.0 framework: “top management”, “quality culture
4.0, and the “integration of sustainable development”. Moreover, the research
discovered that the TQM 4.0 model's highest importance indicators were “top
management commitment, quality-driven mindfulness, and employee
empowerment”. The results of this study may provide valuable insights for
scholars and professionals in evaluating the application of TQM 4.0 in the
industry.

4.1 Research process
Step 1: Construct the first questionnaire

In this step, a first questionnaire was dispatched to the panel of experts. The
survey comprises a set of open-ended questions derived from the researchers'
expertise and insights gathered from the synthesised literature. The experts
comprise consultants, academics, and mid-level leaders (See Table 3.1).
Academics are lecturers who have research in TQM or teach TQM. Mid-level
leaders are managers or supervisors in production or quality departments. The
respondents were required to possess at least five years of practical experience in
quality management or production management, along with fundamental
proficiency in Industry 4.0 technologies. They are the most knowledgeable
individuals regarding TQM and integrating Industry 4.0 tools into TQM to deliver
the most accurate and valuable information.

An assessment group reviewed and made corrections to the pilot questionnaire.
Following the revision process guided by the feedback from the group of experts,
the author has developed a first questionnaire that describes the TQM 4.0, which
comprises eleven factors and forty-four observed indicators.

Step 2: The first round of Delphi:

In this study, the questionnaire is divided into 4 parts (See Appendix 1). Part 1
introduces TQM 4.0 and asks about the expert’s understanding of TQM 4.0. If
experts have knowledge about TQM and Industry 4.0, they will continue to part
2. In the second section, the factors and indicators are outlined on a Likert scale
ranging from one (indicating low importance) to five (indicating extremely high
importance). In the third section, participants will respond to open-ended
questions regarding the author's statements on the TQM 4.0 model and provide
more information regarding the TQM 4.0 framework. In conclusion, the fourth
section gathers general data, including the organization's sector, expert
personnel's experience, and position. For the purpose of facilitating the
subsequent round of the survey, the author gathered the email addresses of the
participants in this round. For the first analysis round, 46 observations were
utilised. Mean and content validity ratio (CVR) are computed by the author;
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values of CRV < 0.29 or Mean < 3.5 points are rejected. As Lawshe (1975) stated,
the minimum acceptable score for CVR with a panel of forty experts is 0.29. The
CVR is calculated for each indicator utilising the below formula:
ne,—N/2

N/2

In this formula, ne is the amount of panellists representing "essential”, and the
value N represents the total amount of panellists (Lawshe, 1975).

CVR (Content Validity Ratio) =

The three opinions established by Lawshe (1975) were essential, useful but not
essential, and not necessary. This work has to match two scales, as it employs a
five-point Likert scale. Correspondingly, we consider extremely important and
very important to be equivalent to essential. In contrast, we consider moderately
important to be equivalent to useful but not essential, slightly important and not
important and not necessary to be equivalent to equal to not necessary,
respectively.

Table 4.1: Minimum Values of CVR

No. of Min No. of Min No. of Min
experts value experts value experts value
05 0.99 09 0.78 25 0.37
06 0.99 10 0.62 30 0.33
07 0.99 15 0.49 35 0.31
08 0.75 20 0.42 40 0.29

Source: Lawshe (1975)
Step 3: The second Delphi round

All 46 experts analysed in the first Delphi round were emailed by the author.
Thirty-three experts have provided their responses (See Table 3.1). The author
also computes the Mean and CRV in this phase. Mean values below 3.5 points or
CRV below 0.33 are rejected due to the fact that the minimum acceptable score
for CVR, as determined by a panel of 30 experts (Lawshe, 1975), is 0.33. The 2™
questionnaire example is provided in Appendix 2.

Step 4: The third round of Delphi (AHP analysis)

This study aims to ascertain the relative importance of every indicator and
factor by using pairwise comparative judgements. Saaty (1990) stated that in this
process, panellists are required to make comparisons between two factors or
indicators. The participants were able to indicate their preference between each
pair of factors and convert these answers into numbers from 1 to 9.

According to Saaty (1987), responses with consistency ratios (CR) between 0.1
and 0.2 are considered acceptable, while those falling below 0.1 indicate a high
degree of response consistency. Once the CR value had been analysed, the final
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weighted score for evaluating the implementation of the TQM 4.0 framework in
production firms was calculated by integrating the relative weights of indicators

and factors.
Statistical analysis process:

Step 1: Establish matrix of Pair-wise comparison

The author establishes matrix of Pair-wise comparison from the answer sheet
of respondents. The fulfilled questionnaire answer example is presented in

Appendix 3,4.
Table 4.2: Example of the answer sheet of Respondent A
=) )
2 = = 2
= 2 > 2 2 > = 2
E @ =) £ = £ =) @ E
7 o - o T
g o 5 E: 3 E: 5 o g
A & = 7 p= = = 7 = & B
Options | | = w| v | b | = | el | | e | | o Options
Top management O |0 |0 |o|o |8 O |0 |8 |8 |0|0 |0 |0 |0 |0 |Quality Culture 4.0
Top management 0|lo|@|o|jojo|o|jo|o|o|o|o|o|o |0 |0 |0 |smatomsnsation
Top management oo oge o oo d oo oo o0 0|0 (mtegrating sustainable development
Top management o oo |j@ e |\ oo | g oo g8 |0 0 |Automated document control
Top management 4 o |0jo o |b(bjo o |0 j0jo|o|0|d (0|0 |Automatic data collection
Top management Ojo|jojo|0)0j0oj0 |00/ 0|0|0|0]|0|0 |SmartQuality Control
Top management M o|jgjojo|jojojgojoo) oo o) a0/ 0 smart Quality Assurance
Top management 0| |o|o|o|o|o|lo|o|o|o|o|o|o|0|0|0 smartproduct

Source: own research

The importance of factor i compared to factor j can be defined as S;;. The author
completes Pair-wise comparison matrix by using the formula below:

1
S.. = —

J Sij

Table 4.3: Pair-wise comparison matrix.
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Infegrating  |Aufomated  |Aufomafic

Top Quality Smart sustainable  |document  |data Smart Qualify | Smart Qualify | Smart

management (Culture 4.0 |Skill4.0  |orzanisation |development |confrol collection  |Control Assurance  |product
Top management 1 3 6 7 6 9 9 9 9 8
Quality Culture 4.0 13 1 6 5 7 8 7 7 6 9
Skill 4.0 1/6 1/6 1 1 12 5 5 4 4 4
Smart organi safi on 17 /5 1 1 12 4 4 2 2 3
Integrating sustainable devel opment 1/6 17 2 2 1 5 6 4 3 5
Automated document control 1/9 1/8 1/3 14 /5 1 1 13 1/4 1/6
Automatic data collection 1/9 17 1/3 14 1/6 1 1 1/4 15 12
Smart Quality Control 1/9 17 1/4 12 1/4 3 4 1 /5 1
Smart Quality Assurance 1/9 1/6 1/4 12 13 4 5 5 1 2
Smart product 1/8 19 1/4 113 /5 6 2 1 12 1
Sum of columns 2.3790 | 5.1980 | 17.1500 | 17.8333 | 16.1500 | 46.0000 | 44.0000 | 33.5833 | 26.1500 | 33.6667

Source: own research

Step 2: Calculate matrix of Normalised Pair-wise comparison and weights of
criteria

In the next step, the author finds criteria weight of each factor in the Normalised
matrix of Pair-wise comparison and divides them by the total criteria to obtain the
mean value. The mean values of the weights assigned to the first-order criteria
(factors) assessed by expert A are presented in Table 4.4.

w;; is criteria weights of factor i compared with sum of column j in the

Normalised Pair-wise comparison matrix. And w; is criteria weights of factor i in

the whole factors in the matrix of Normalised Pair-wise comparison.
Wi = ——H
Y i=1 Z;’l=1sij

n
2j=1Wij
w; = ——
n

For example:

S11

= = 0.4204
sy 2379

Wi =

Z7=1 Wij

n
_0.4204 + 0.5771 + 0.3499 + 0.3925 + 0.3715 + 0.1957 + 0.2045 + 0.268 + 0.3442 + 0.2376

10

wq =

= 0.3361

Table 4.4: Normalised Pair-wise comparison matrix and criteria weights for
factors
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Quality Integrating  |Automated |Automatic |Smart  |Smart

Top Culture Smart sustamable  |document |data Quality |Quality |Smart  |Criteria

minagement | 4.0 Skil 4.0 |organisation |development |control  |collection |Confrol |Assurance [product |weights
Top management 04204 05771) 03499 03925 03715 0.1957| 0.2045| 0.2680] 0.3442) 02376 0.3361
Quality Culfure 4.0 0.1401| 0.1924 03499  0.2804] 04334] 0.1739] 01591 0.2084| 0.2294) 0.2673| 0.2434
Skill 4.0 0.0701 0.0321) 0.0583) 0.0561]  0.0310] 0.1087| 0.1136| 0.1191] 0.1530] 0.1188] 0.0861
Smert organi sation 0.0601| 0.0385| 0.0583| 0.0561|  0.0310, 0.0870{ 0.0909) 0.039| 0.0765 0.0891] 0.0647
Tntegrating sustainable development | 0.0701) 0.0275| 0.1166]  0.1121)  0.0619 0.1087) 0.1364) 0.1191) 0.1147) 0.1485 0.1016
Automated document control 0.0467| 0.0240) 0.0117)  0.0140]  0.0124] 0.0217] 00227} 0.0099| 0.0096| 0.0050| 0.0178
Automatic data collecion 0.0467| 0.0275| 0.0117)  0.0140,  0.0103] 0.0217] 00227} 0.0074| 0.0076| 0.0149| 0.0185
Smart Quality Corrol 0.0467| 0.0275| 0.0146)  0.0280]  0.0155] 0.0652| 0.0909] 0.0298| 0.0076| 0.0297| 0.0356
Smart Quality Assurance 0.0467) 0.0321) 0.0146]  0.0280f  0.0206) 0.0870{ 0.1136] 0.1489 0.0382) 0.0594] 0.0589
Smart product 0.0525| 0.0214) 0.0146)  0.0187]  0.0124] 0.1304] 00455 0.0298| 0.0191) 0.0297| 0.0374

Source: own research

The author calculates an average of criteria weights of eleven experts in AHP
round to give the result in Table 4.8.

Likewise, the author calculates the criteria weight for each indicator within a
factor. Table 4.5 shows calculating results of the criteria weight for each indicator
within a factor “Top management” of expert A. The final weights of TQM 4.0
indicators in each factor results are presented in Table 4.9.

Table 4.5: Normalised Pair-wise comparison matrix and criteria weights for

indicators.
Criteria
™1 | TM2 T™M3 TM4 | weights
Top management commitment (TM1) | 0.5966 | 0.5385 | 0.5263 | 0.6429 | 0.5761
Top management involvement (TM2) | 0.0852 | 0.0769 | 0.0526 | 0.0714 | 0.0716
Top management provides resources
(TM3) 0.1193 | 0.1538 | 0.1053| 0.0714 | 0.1125
Top management establishes policy,
objectives and indicators (TM4) 0.1989 | 0.2308 | 0.3158 | 0.2143 | 0.2399

Source: own research

The author calculates global weight to rank the importance of an indicator in
the whole indicators. The global weights are computed using the following

formula:

Global weight of indicator r = w; * w;,

In which, w; is criteria weight of factor i in the whole factors; wy, is criteria
weight of indicator r within factor i.
The results are presented in Table 4.10.
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Step 3: Calculate Consistency Index

The author investigate the reliability and consistency of collected data by
calculating consistency ratio (CR). The consistency ratio is calculated as
following formula:

RI numbers are shown in Table 3.2.

Cl is defined as:

CR (consistency ratio) =

CI (consistency index)

_ Amax

Cl =

—-n

n—1

RI (random index)

According to Saaty (1987), Responses with consistency ratios (CR) between
0.1 and 0.2 are considered acceptable, while those falling below 0.1 indicate a
high degree of response consistency. After calculating the CR value, the final
weighted score was derived by calculating the relative weights of indicators and
factors. This score was utilised to assess the implementation of the TQM 4.0
framework in production companies.

The C.I. can be utilised to ascertain the AHP model's tolerance for
inconsistency and the judgment's dependability. The matrix weights (MW) are
computed utilising the weights of the criteria (W) and the comparison matrix (M)

and so as to validate the judgment's dependability.
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0.0467
0.0467
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0.5771
0.1924
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In next phase, the author calculate A,,,,,, which represents total of MW divided
by the weight of each criterion.
1 (4.1206 31167 1.0068 0.7443 11995 0.1905 0.1980 0.3633

=— + + + + + + +
™A T 10\0.3361 ' 0.2434 ' 0.0861 = 0.0647 ' 0.1016 ' 0.0178 ' 0.0185 ' 0.0356
0.6405 0.3487

00589 T 0.0374
Then, A4,,,., 1S used to calculate the CI value in the in next step (where n is

number of all criteria):

)= 11.273

Amax —n _ 11273 10
n—1 =~ 10-1
In this case, Rl (Random index) = 1.49 with n=10 (See Table 3.2). Therefore,
the Consistency ratio (CR) value is estimated as follows:
0.1414
149

According to Lin et al. (2009), a suitable number of surveyed experts to
complete AHP questionnaires is between five and fifteen, as the number should
not be excessive. Consequently, the research compiled the opinions of eleven
experts who responded to the initial two surveys to analyse by AHP technique.
The author calculates the average criteria weights and CR of eleven experts for
final results.

4.2 Results
4.2.1 First Delphi round analysis

Cl = = 0.1414

= 0.095

In this step, five indicators with a CVR less than 0.29 were removed from the
original questionnaire. These items are "Data scientists as quality experts”,
“Human capital management”, “Social capital management”, “Intellectual capital
management”, and “Managing networked firms in business ecosystems” (as
displayed in Table 4.6). Furthermore, two recommendations presented by experts
will be incorporated, namely “Application online tools in training, meetings, and
work management” and “Machine Learning enhancement”. The revised
questionnaire comprises 10 factors, consisting of a total of 41 indicators, which
will be assessed in the second round.

Table 4.6: The first Delphi round result

Factors/ Indicators Average CVR Result

“Top management”

Top management commitment 4.70 0.96  Accepted
Top management provides resources 452 0.87  Accepted
Top management establishing policy, objectives 461 0.91  Accepted
Top management involvement 4.39 0.70  Accepted

“Quality Culture 4.0”
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Quality-driven mindfulness 4.43 0.83  Accepted
Employee empowerment 4.24 0.61  Accepted
Individuals' comprehension of their role in attaining quality objectives  4.48 0.78  Accepted
Quality articulation 4.22 0.65  Accepted
“Skill 4.0”

Skills related to analytics, Al and CPS 441 0.78  Accepted
Digital skills for quality staff 4.30 0.74  Accepted
Digital communication skill 4.24 0.74  Accepted
Data scientists as quality experts 3.65 0.26  Rejected

Team creativity skill 4.35 0.87  Accepted
“Intellectual capital management”

Human capital management 3.87 0.22  Rejected

Intellectual capital management 3.83 0.26  Rejected

Social capital management 3.67 0.17 Rejected

“Smart organisation”

Top management supports initiatives, spread organisational knowledge 4.37 0.87  Accepted
Lean structure organisation 4.39 0.83  Accepted
Collaboration all stakeholders 4.33 0.74  Accepted
Networked firm management within business ecosystems 3.63 0.17  Rejected

Adaptability in change 4.33 0.83  Accepted
“Integrating sustainable development”

Link quality and sustainability 4.57 0.91  Accepted
Corporations serving society 4.24 0.83  Accepted
Sustainable operations 4.46 0.78  Accepted
Integration of environmental management systems 4.33 0.65  Accepted
“Automated document control”

Incorporation of documents into ERP and automated revision 4.31 0.57  Accepted
Electronic documentation 4.43 0.78  Accepted
Real-time document control 4.30 0.74  Accepted
Standard operating procedures (SOPs) 441 0.87  Accepted
“Automatic collection of data”

Automatic data collection through the lifecycle of product 4.50 0.83  Accepted
Automatic product-related data collection 4.37 0.74  Accepted
Automatic customer-related data collection 4.35 0.83  Accepted
“Smart Quality Control”

Real-time quality inspection 4.35 0.83  Accepted
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Total inspection 4.24 0.74  Accepted
Machine learning-based SPC 4.17 0.61  Accepted
Data integration in ERP 4.43 0.78  Accepted
“Smart Quality Assurance”

Using artificial intelligence for prediction and prevention 4.35 0.74  Accepted
Using smart sensors in each production process 4.39 0.83  Accepted
Big-data analysis 4.35 0.74  Accepted
Making intelligent adjustments 4.26 0.65 Accepted
“Smart product”

Forecast market demands, consumption trends 4.22 0.74  Accepted
Smart identification and traceability technologies 4.35 0.74  Accepted
RFID technologies and smart sensors 4.37 0.70  Accepted
Involvement of customers in the production 4.11 0.61  Accepted

4.2.2 Second Delphi round analysis

Source: own research

In this step, the results from round 2 indicate that every indicator has a mean
value greater than 3.5 and a CVR greater than 0.33, indicating that the
indicators have achieved a high level of concentration. Then, the final TQM 4.0
framework includes ten factors, which are represented by 41 indicators, as
illustrated in Table 4.7. Ten factors are Top management (4 indicators), Quality
Culture 4.0 (4 indicators), Skill 4.0 (4 indicators), Smart organisation (5
indicators), Integrating sustainable development (4 indicators), Automated
document control (4 indicators), Automated data collection (3 indicators), Smart
Quality Control (4 indicators), Smart Quality Assurance (5 indicators), and Smart

product (4 indicators).
Table 4.7: The results of the second Delphi round

2" Round
Factors or Indicators Average CVR Results
“Top management”
Top management commitment 441 0.94  Accepted
Top management involvement 4.38 0.81  Accepted
Top management provides resources 4.59 0.94  Accepted
Top management establishing policy, objectives and indicators 4.16 0.81  Accepted
“Quality Culture 4.0”
Quality-driven mindfulness 4.25 0.88  Accepted
Employee empowerment 4.34 0.75  Accepted
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Individuals' comprehension of their role in attaining quality

objectives 4.09 0.69  Accepted
Quality articulation 4.09 0.63  Accepted
“skill 4.0”

Skills related to analytics, Al and CPS 4.06 0.69  Accepted
Digital skills for quality staff 4.19 0.69  Accepted
Digital communication skill 4.09 0.75  Accepted
Team creativity skill 4.19 0.69  Accepted

“Smart organisation”

Top managements support initiatives, spread organisational

knowledge 4.16 0.63  Accepted
Lean structure organisation 4.38 0.94  Accepted
Collaboration all stakeholders 4.03 0.63  Accepted
Adaptability in change 4.34 0.75  Accepted
Application of online tools 4.28 0.81  Accepted
“Integrating sustainable development”

Link quality and sustainability 4.41 0.94  Accepted
Corporations serving society 3.88 0.56  Accepted
Sustainable operations 4.25 0.75  Accepted
Integration of environmental management systems 431 0.94  Accepted

“Automated document control”

Incorporation of document into ERP and automated revision 4.25 0.75  Accepted
Electronic documentation 4.44 0.94  Accepted
Real-time document control 4.31 0.88  Accepted
Standard operating procedures (SOPs) 4.47 0.88  Accepted
“Automatic data collection”

Automatic data collection through the lifecycle of the product 4.34 0.94  Accepted
Automatic product-related data collection 4.38 0.81  Accepted
Automatic customer-related data collection 4.34 0.94  Accepted

“Smart Quality Control”

Real-time quality inspection 4.16 0.75  Accepted
Total inspection 4.13 0.63  Accepted
Machine learning-based SPC 4.28 0.81  Accepted
Data integration in ERP 4.06 0.63  Accepted

“Smart Quality Assurance”

Using artificial intelligence software for prediction and
prevention 4.16 0.75  Accepted
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Using smart sensors at each production stage 4.31 0.75  Accepted
Big-data analysis 4.25 0.69  Accepted
Making intelligent adjustments 4.34 0.88  Accepted
Improving machine performance by ML 4.13 0.63  Accepted
“Smart product”

Predict market demand and consumption trends 4.22 0.69  Accepted
Smart identification and traceability technologies 4.03 0.63  Accepted
RFID technologies and smart sensors 4.25 0.75  Accepted
Involvement of Customers in the production 4.13 0.63  Accepted

4.2.3 Third Delphi round analysis (AHP technique)

The author employs the AHP approach to calculate the important levels of
factors and indicators in implementing the TQM 4.0 framework. Table 4.8
provides a comprehensive overview of the relative important levels of the factors
and their ranking in the TQM 4.0 model. The analysis indicates that the "Top
management” is the most important factor. The 2" factor is "Quality culture 4.0",
while the less important factor is "Automatic data collection”. The CR of 0.092

Source: own research

(shown in Table 4.8) indicates a satisfactory level of consistency.

Table 4.8: Ranking of the key TQM 4.0 factors

Factors in TQM 4.0 Weights of factors Ranking
Top management 0.2545 1
Quality Culture 4.0 0.2052 2
Integrating sustainable development 0.0886 3
Skill 4.0 0.0719 4
Smart organisation 0.1323 5
Smart Quality Control 0.0376 6
Smart Quality Assurance 0.0631 7
Smart product 0.0567 8
Automated document control 0.0476 9
Automatic data collection 0.0424 10
CR (Consistency Ratio) 0.092

The author also computes the important levels of the indicators in every factor
and their corresponding ranks. The findings are displayed in Table 4.9. The
responses exhibited consistency, with CR values that ranged from 0.02 to 0.84 in

each factor.
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Table 4.9: The importance of TQM 4.0 indicators within each factor

Factors Indicators Weights Rank in CR
factors
“Top management 4.0”  Top management commitment 0.6167 1 0.062
Top management provides resources 0.1592 2
Top management establishes policy, 0.1591 3
objectives and indicators
Top management involvement 0.0650 4
“Quality Culture 4.0”  Quality-driven mindfulness 0.4212 1 0.060
Employee empowerment 0.2388 2
Quality articulation 0.2372 3
Individuals' comprehension of their role in  0.1028 4
attaining quality objectives
“Skill 4.0~ Skills related to analytics, Al and CPS 0.5175 1 0.077
Digital skills for quality staff 0.2801 2
Digital communication skill 0.1411 3
Team creativity skill 0.0614 4
“Smart organisation”  Lean structure organisation 0.3632 1 0.072
Adaptability in change 0.3289 2
Application of online tools 0.1480 3
Top management support initiatives, the 0.0883 4
spread of organisational knowledge
Collaboration of all stakeholders 0.0715 5
“Integrating 0.3817 1 0.084
sustainable Integration of environmental management
development” systems
Corporations serving society 0.3258 2
Sustainable operations 0.2005 3
Link quality and sustainability 0.0920 4
“Automated document Digital standard operating procedures 0.4077 1 0.041
control” (SOPs)
Electronic documentation 0.2373 2
Real-time document control 0.2303 3
Incorporation of documentation into ERP  0.1247 4

modules and automated revision
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“Automatic data 0.5612 1 0.020
collection” Automatic product-related data collection

Automatic customer-related data 0.3147 2

collection

Automatic data collection throughout the 0.1241 3

lifecycle of the product
“Smart Quality 0.6181 1 0.077
Control” Real-time quality inspection

Machine learning-based SPC 0.2115 2

Total inspection 0.1145 3

Data integration in ERP 0.0559 4
“Smart Quality Using artificial intelligence software for 0.5156 1 0.056
Assurance” prediction and prevention

Big-data analysis 0.2352 2

Improving machine performance by ML 0.0993 3

Using smart sensors at each production 0.0969 4

stage

Making intelligent adjustments 0.0530 5

Smart identification and traceability 0.5606 1 0.072
“Smart product” technologies

RFID technologies and smart sensors 0.2700 2

Forecast market demand and consumption 0.0847 3

trends

Customers' involvement in the production 0.0847 4

process

Source: own research

The global weight of the presented indicators was determined by multiplying
the factors’ weight with those of the indicators within a factor. Table 4.10 displays
global weight and ranking of the 41 indicators. The results show that “Top

management commitment”,  “Quality-driven  mindfulness”,

“Employee

empowerment”, “Quality articulation”, and “Lean structure organisation” are five
highest importance indicators of the TQM 4.0 model.

Table 4.10: Ranking of the indicators in TQM 4.0

Rank Indicators Global
weights

1 Top management commitment 0.157

2 Quality-driven mindfulness 0.086
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12
13
14
15
16

17
18
19
20
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22
23
24
25

26
27
28
29
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31
32

Employee empowerment

Quiality articulation

Lean structure organisation

Adaptability in the change

Top management provides resources

Top management establishes policy, objectives and indicators
Skills related to analytics, Al and CPS

Integration of environmental management systems

Using artificial intelligence software for prediction and prevention
Smart identification and traceability technologies
Corporations serving society

Automatic product-related data collection

Real-time quality inspection

Individuals' comprehension of their role in attaining quality
objectives

Digital skills for quality staff

Application of online tools

Digital standard operating procedures (SOPS)
Sustainable operations

Top management involvement

RFID technologies and smart sensors
Big-data analysis

Automatic customer-related data collection

Top management supports initiatives, spread organisational
knowledge

Electronic documentation
Real-time document control
Digital communication skill
Collaboration of all stakeholders
Link quality and sustainability
Machine learning-based SPC

Improving machine performance by ML

0.049
0.048
0.047
0.044
0.042
0.041
0.037
0.034
0.033
0.032
0.029
0.024
0.023
0.021

0.020
0.020
0.019
0.017
0.016
0.015
0.015
0.013
0.012

0.011
0.011
0.010
0.009
0.008
0.008
0.006
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33 Using sensors at each production stage 0.006

34 Incorporation of documentation into ERP modules and automated 0.006
revision

35 Automatic data collection throughout the lifecycle of the product 0.005

36 Customers' involvement in the production process 0.005
37 Predict market demand and consumption trends 0.005
38 Team creativity skill 0.004
39 Total inspection 0.004
40 Making intelligent adjustments 0.003
41 Data integration in ERP 0.002

Source: own research

5 STUDY 2: THE RELATIONSHIP BETWEEN TQM 4.0
PRACTICES AND SUSTAINABLE EXCELLENCE.

In the Industry 4.0 context, it is very important for enterprises to apply a
comprehensive and sustainable business model to grow steadily and quickly adapt
to the fast-changing environment. Although the existing literature has explored
the TQM 4.0 framework (or Quality 4.0), which integrates Industry 4.0 tools into
the TQM system, the question of how TQM 4.0 drives sustainable excellence (SE)
remains unexplored. Therefore, to fill the gap, this investigates the relationship
between TQM 4.0 practices and SE as well as the role of digital transformation
(DT) and digital leadership in this connection, anchoring on the stakeholder
theory, the NRBR (natural resource-based view) theory, and the STS (socio-
technical system) theory. Moreover, this study ranks the importance of TQM 4.0
factors to enhance sustainable excellence. The research employs the quantitative
hybrid SEM-ANN (Structural Equation Model combined with Artificial Neural
Network) method to analyse empirical data in the manufacturing industry in
Vietnam. The findings demonstrate that TQM 4.0 practices positively affect both
digital transformation and SE. The mediating role of digital transformation and
the moderating role of digital leadership in the relationship between TQM 4.0
practices and SE were confirmed in this study. This investigation provides the
initial endeavour to rank the importance of TQM 4.0 practices to enhance SE
using the ANN method. Future applications of TQM 4.0 practices and digital
transformation to improve SE in the manufacturing sector would be aided by the
findings of this study.
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5.1 Research process
5.1.1 Data collection

Before doing the real survey, the pretesting step was implemented. Face and
content-related validities are important and can be confirmed by academic and
industrial professionals. A panel of five experts, consisting of both academic and
industry experts, was invited to assess and confirm the validity of the indicators
for each factor. In order to develop a questionnaire for use in Vietnamese, we
utilised a back-translation technique. A proficient linguist, fluent in both English
and Vietnamese, translated the original survey. Subsequently, to guarantee the
comprehensibility of the questionnaire, a focus group consisting of four TQM
experts employed in the manufacturing industry deliberated upon the Vietnamese
rendition. The author, proficient in both Vietnamese and English, thoroughly
examined and fixed any inconsistencies and mistakes. Ultimately, a proficient
English-speaking specialist with a high level of fluency in Vietnamese rendered
the translation back into English. Subsequently, we dispatched invitations via
email and sent hard copies to prospective participants, utilising our established
connections.

The study employed two forms of non-random sampling: purposive and
snowball. Purposive sampling targets individuals who possess expertise in the
field of manufacturing and have practical experience in implementing TQM
practices and Industry 4.0 tools within manufacturing companies. These
individuals typically hold supervisory positions, such as supervisors, managers,
and directors. In addition, the study employed the snowball sampling technique.
Due to the distinct characteristics of the respondents, who are part of specific
specialised communities, the study broadens its participant pool by introducing
other experts. At last, we obtained a database of individuals employed in
Vietnam's manufacturing industry. We sent them questionnaires in Google form
and directly printed questionnaires. Two hundred fifty-eight respondents in
Vietnam that are valuable for analysis have been collected (see the profile of the
respondents in Table 5.1). This sample size is acceptable for structural equation
models by calculating formulas from Cohen (1988) and Westland (2010).

The sample questionnaire is presented in Appendix 5.

The survey was conducted in Vietnam for some causes. Firstly, one notable
development in Vietnam is the widespread adoption of TQM 4.0 by organisations,
particularly multinational corporations, for example, Mercedes-Benz, Intel,
Samsung, Coca-Cola, Hyundai, Fujitsu, etc. They originate from developed
nations and introduce Industry 4.0 technological advancements and quality
management systems to Vietnam. As a result, gathering data from manufacturing
companies that applied TQM 4.0 in Vietnam will provide this research with the
data necessary to analyse the model reliably and accurately. Secondly, the
objective of the Vietnamese government is to implement a strategy for sustainable
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development. Specifically, Resolution No. 136/NQ-CP, which was issued by the
Vietnamese government, establishes seventeen national sustainable development
goals to be accomplished by 2030. This mandate encourages organisations to
emphasise strategic planning and pursue sustainable development. While
challenging for the nation, these sustainable development objectives are crucial
for compelling governments to act and inspiring companies to prioritise
sustainable development strategies. Hence, it is imperative for enterprises
operating in Vietnam to adopt operational policies that align with the nation's
overarching sustainable development strategy. Therefore, researching the TQM
4.0 model (a model of TQM towards sustainability) and sustainable excellence (a
concept that includes environmental, operational, social performance, and
innovation performance) in Vietnam is appropriate and provides an accurate
assessment in the research context.

Table 5.1 Profile of the respondents in Study 2

Item Frequency Perc(:(()e/: )t age
Work experience (years)

Below 5 105 40.7%
[5 >10] 102 39.5%
[11 > 15] 25 9.7%
[16 >20] 14 5.4%
Above 20 12 4.7%
Position

Company Director/ Vice-Director 20 7.8%
Quality/Production Managers 66 25.6%
Supply Chain/ Purchasing/Maintenance Managers 48 18.6%
Quality/Production Supervisors 124 48.1%
Industry type

Beverages and tobacco 10 3.9%
Paper and paper products 11 4.3%
Medicinal and pharmaceutical products 12 4.7%
Food and foodstuff 43 16.7%
Rubber and plastic products 12 4.7%
Textile and leather products 43 16.7%
Wood products 13 5.0%
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Metal products, basic metals, and fabricated metal

products 19 7.4%
Computer, electronic and optical products,

electrical equipment 66 25.6%
Motor vehicles, trailers and semi-trailers, and

other transport equipment 11 4.3%
Others 18 7.0%

Source: own research
5.1.2 Measures

The questionnaire is comprised of three sections. Section 1 consists of two
questions to screen interviewees: the first asks whether the respondent's
organisation utilises TQM, and the second inquires about the incorporation of
Industry 4.0 tools into TQM. The survey will end if respondents indicate that their
organisation does not implement TQM or Industry 4.0 tools into TQM practice.
In contrast, If their organisations employ TQM practices and integrate Industry
4.0 tools into TQM practices, they will continue to answer section 2.

The second section comprised a total of 67 items, each of which was assessed
using a Likert scale ranging from (1 = "strongly disagree™ to 5 = "strongly agree").
The scale for TQM 4.0 practices (41 items) is used. The scale used for measuring
SE concludes environmental, operational, social performance, and innovation
performance. Environmental performance (EP1-EP5), operational performance
(OP1-0OP3), and social performance (SOP1-SOP4) were adapted from Chavez et
al. (2022). Innovation performance (IP1-1P4) was adapted from Gok and Peker
(2017). The scales of Digital leadership (DL1-DL5) and Digital Transformation
(DT1-DT5) constructs were adapted from Abbu et al. (2022).

Table 5.2: Constructs explanation

Constructs Number References
of items
TQM 4.0 Top management 4.0 4 Chiarini and Kumar (2022); Glogovac et al.
) (2020); Nguyen et al. (2023).
(41 items) Quality Culture 4.0 4 Asif (2020); Kupper et al. (2019); Nguyen et al.
Y ' (2023).
Skill 4.0 4 Chiarini and Kumar (2022); Kupper et al.

(2019); Park et al. (2017); Nguyen et al. (2023).

5 Asif (2020); Fundin et al. (2020); Sader et al.

Smart organisation
(2019); Nguyen et al. (2023).

4 Fundin et al. (2020); Ramanathan (2019);

Integratin
g J Nguyen et al. (2023).

sustainable
development
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Automated document 3 Chiarini and Kumar (2022); Nguyen et al.

control (2023).

Automatic data 3 Chiarini and Kumar (2022); Nguyen et al.
. 2023).

collection (2023)

4 Chiarini and Kumar (2022); Sader et al. (2019);

Smart Quality Control
Nguyen et al. (2023).

5 Chiarini and Kumar (2022); Sader et al. (2019);

Smart ualit
Q y Nguyen et al. (2023).

Assurance

4 Chiarini and Kumar (2022); Sader et al. (2019);

Smart product
Nguyen et al. (2023).

sustainable | Environmental 5 Chavez et al. (2022); Zhu and Sarkis (2004)

Excellence | performance

(16 items) | Operational 3 Chavez et al. (2022); Chavez et al. (2015)

performance

Social performance 4 Chavez et al. (2022); Nikolaou, et al. (2013)

Innovation 4 Gok and Peker (2017); Prajogo (2006)

performance

Digital Transformation (5 items) 5 Li (2022); Abbu et al. (2022).

Source: own research

The third section captured the demographic information, including the field of
the company, working position, and years of work experience in manufacturing
enterprises.

5.1.3 Data analysis

In this section, the author utilises a two-stage analytical process that integrates
the partial least squares-structural equation modelling (PLS-SEM) with ANN to
evaluate the proposed model. Given the nature of this study, which is more
focused on exploration than confirmation, the PLS-SEM method was selected
instead of the Covariance-based Structural Equation Modelling (CB-SEM)
method (Hsu et al., 2006; Hair et al., 2017). In the first stage, the PLS-SEM
method was necessary because of the complex model development and the large
number of indicators (Hair et al., 2017). However, PLS-SEM is incapable of
analysing non-linear relationships between constructs. Raut et al. (2018) and Al-
Sharafi et al. (2022) address this issue by integrating the ANN method with PLS-
SEM to rank the normalised importance of the significant variables. The SEM-
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ANN method permits the use of both non-linear and linear correlations between
variables to explain of the SE of manufacturing enterprises.

Stage 1: PLS-SEM

In this stage, the author conducts an assessment of both measurement model
and structural model. According to Hair et al. (2011), The measuring model was
established to assess the precision and reliability of constructs and indicators. The
assessment involved evaluating the dependability of internal consistency, as well
as the validity of convergence and discrimination. The internal consistency
reliability of the constructs is assessed by computing composite reliability and
Cronbach's alpha. Because this study has second-order constructs, the assessment
measurement model includes two steps by applying the process from Riel et al.
(2017).

In step 1, the author employs a PLS path model that exclusively includes first-
order constructs. The primary goal of the initial phase is to calculate the latent
variables' scores and reliable correlations of first-order constructs. For the
construction of composited factors to be significant, it is necessary to ensure the
validity and reliability of the first-order construct.

In step 2, second-order constructs are used to evaluate the measurement model.
The objective of the second step is to obtain estimates that are consistent with the
structural model. We use the approximated composite scores from step 1 as
indicators for the second-order constructs.

In both steps, CA and CR values have to reach the criterion threshold of 0.70
(Hair et al., 2017). The convergent validity of the reflective latent variable was
measured by the average variance extracted (AVE) and must be greater than 0.5.
(Henseler, Ringle, and Sarstedt, 2015). We relied on the Heterotrait-Monotrait
ratio of correlations (HTMT) between all reflective constructs to evaluate
discriminant validity.

Stage 2: ANN technique

This study utilises the ANN method because of its superior efficacy in
identifying both non-linear and linear relationships, as compared to other
statistical techniques such as multiple linear regression, binary logistic regression,
and SEM. ANN results for Vietnamese data (90 % of randomly selected samples
were used as training data and the remaining 10 % as testing data). In this step,
ten models are performed by the ANN algorithm.

5.2 Results
5.2.1 Measurement model assessment

To ensure the reliability and validity of constructs and indicators, the author
applied the following steps to the assessment measurement model:
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In step 1, we determine first-order constructs' scores and consistent correlations
by estimating a PLS path model with only first-order constructs. According to
Table 5.3, the range of CA values is from 0.791 to 0.969, while the range of CR
values is from 0.864 to 0.971. All CA and CR values reached the criterion
threshold of 0.70 (Hair et al., 2016), showing that the reliability of the measures
Is very high. Using indicators’ outer loadings and Average Variance Extracted
(AVE), convergent validity was evaluated. Table 5.3 shows that convergent
validity is accepted in this research, as the factor loadings and AVE values exceed
0.622 and 0.534, respectively. The outcomes of step 1 are composite scores of
second-order construct indicator variables. We export the results of step 1 and
import them into a different data file in preparation for step 2 analysis.

Table 5.3: Reliability and convergent validity results of first-order constructs

Factors Indicators Loadings Cronbach's CR  AVE
Alpha
Total Quality Management 4.0 (TQM 4.0)
“Top management” TM1 0.909 0.919 0.943 0.805
T™M2 0.894
T™M3 0.893
TM4 0.893
“Quality Culture 4.0” QC1 0.747 0.795 0.866 0.619
QC2 0.799
QC3 0.825
QC4 0.774
“Skill 4.0” SK1 0.839 0.799 0.864 0.615
SK2 0.859
SK3 0.713
SK4 0.713
“Smart organisation” SO1 0.742 0.842 0.888 0.617
S02 0.773
SO3 0.857
SO4 0.868
SO5 0.668
“Integrating sustainable 'SP1 0.842 0.885 0.921 0.745
development” ISD2 0.899
ISD3 0.893
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IDS4 0.815
“Automated document 0.717 0.875 0.901 0.534
control” ADC1
ADC?2 0.728
ADC3 0.673
ADC4 0.704
“Automatic data collection” ADACI1 0.844 0.811 0.888 0.726
ADAC2 0.872
ADAC3 0.840
“Smart Quality Control” SQC1 0.867 0.854 0.901 0.694
SQC2 0.776
SQC3 0.850
SQC4 0.836
“Smart Quality Assurance”  SQAL 0.871 0.882 0.913 0.678
SQA2 0.804
SQA3 0.826
SQA4 0.805
SQA5 0.811
“Smart product” SP1 0.873 0.845 0.896 0.683
SP2 0.832
SP3 0.796
SP4 0.802
Sustainable Excellence
Environmental performance EP1 0.870 0.924 0.942 0.766
EP2 0.908
EP3 0.858
EP4 0.859
EP5 0.881
Operational performance OP1 0.845 0.817 0.891 0.732
OP2 0.864
OP3 0.858
Social performance SOP1 0.829 0.791 0.866 0.621
SOP2 0.622
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SOP3 0.857

SOP4 0.821
Innovation performance IP1 0.898 0.890 0.924 0.753
IP2 0.870
IP3 0.843
IP4 0.858
Digital leadership DT1 0.796 0.891 0.920 0.696
DT2 0.800
DT3 0.861
DT4 0.856
DT5 0.857
Digital Transformation DL1 0.774 0.868 0.905 0.656
DL2 0.778
DL3 0.779
DL4 0.882
DL5 0.832

Source: own research

In step 2, the author evaluates the measurement model of second-order
constructs. Table 5.4 shows that CA values range from 0.868 to 0.947, while CR
values range from 0.905 to 0.954. The fact that both the CA and CR values
reached the criteria limit of 0.70 (Hair et al., 2017) indicates that the measures are
extremely dependable. Convergent validity is assessed by calculating the
indicators’ outer loadings and the AVE. Table 5.4 illustrates that convergent
validity is satisfied in this investigation, as the factor loadings were larger than
0.757 and the AVE values were greater than 0.656.

Table 5.4: Reliability and convergent validity results of second-order constructs

Factors Indicators Loadings Cronbach's CR AVE
Alpha
Digital leadership DT1 0.795 0.891 0.893 0.696
DT2 0.799
DT3 0.861
DT4 0.855
DT5 0.858
Digital Transformation  DL1 0.775 0.868 0.870 0.656
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DL2 0.778

DL3 0.779
DL4 0.882
DL5 0.832
Sustainable Excellence  EP 0.848 0.899 0.903 0.767
OP 0.84
SOP 0.928
IP 0.886
TOM 4.0 ™ 0.757 0.949 0.952 0.689
QC 0.761
SK 0.858
SO 0.889
ISD 0.820
ADC 0.823
ADAC 0.852
SQC 0.816
SQA 0.817
SP 0.818

Source: own research

The discriminant validity represents the extent to which two constructs are
separate and distinguishable. The author assessed this value by employing the
HTMT ratio (Henseler et al., 2015). Following Table 5.5, the HTMT values were
accepted because all values were less than the 0.885 threshold.

Table 5.5: HTMT results

DL DT SE TOM 4.0
DL
DT 0.375
SE 0.354 0.885
TQM 4.0 0.328 0.847 0.774

Source: own research

5.2.2 Structural model assessment
Before evaluating the structural model, the collinearity between the variables
is evaluated to make sure that there are no lateral collinearity problems (Hair et

79



al., 2011). Collinearity issues could frequently be deceptive, even though the outer
model's discriminant validity was confirmed. Thus, an additional inquiry is
necessary. According to Table 5.6, there was no collinearity among the predictor
components in the structural model (VIF < 2.533).

The proposed model's coefficients, standard errors, t-test, effect sizes, p-value
will be determined using the 5000-re-test bootstrap approach. The causal linkages
among the understudy constructs are evaluated and determined at this analysis
stage. The results demonstrate the direct and indirect effects of TQM 4.0 on SE
in production companies.

As shown in Table 5.6, all of the proposed hypotheses were accepted. TQM 4.0
practices predicted digital transformation (H;: B = 0.771, t = 29.101), whereas
sustainable excellence is explained by TQM 4.0 practices (Hz: B = 0.717, t =
17.495) and digital transformation (Hs: p = 0.555, t = 7.969). Digital
transformation has a mediation role on the relationship between TQM 4.0
practices and SE (Has: B = 0.428, t = 8.376). Additionally, digital leadership
moderates the connection between TQM 4.0 practices and SE (Hs: p =0.093, t =
2.809)

The data presented in Table 5.6 demonstrates that the proposed model is
statistically significant. This is indicated by the coefficients of determination (R?)
for the two endogenous constructs, which explain a substantial amount of the total
variance (R? = 0.595 for digital transformation and R? = 0.665 for sustainable
excellence). In addition, the effect sizes (f?) were computed, as shown in Table
5.6; TQM 4.0 practices have a large effect size on DT (f2 =1.468), while DT has
a large effect size on SE (f>=0.364). In addition, the findings indicate a medium
effect size of TQM 4.0 practices on SE (f>= 0.100). Otherwise, digital leadership
has a small effect size on the relationship between TQM 4.0 practices and SE,
with a value of 0.029.

The structural model achieved predictive relevance (Q?) through the
blindfolding technique, with an omission distance of 7. According to Table 5.6,
all Q? values were more than 0.25 (Digital Transformation: Q? = 0.384 and SE:
Q2 = 0.498), so the models have medium predictive power.

Table 5.6: Hypothesis testing results

. Path p-
Hypothesis o t-value
coefficient value

2 | R | @ | VIF

TOM 40 -

Transformation

H: | Digital 0.771 29.101 | 0.000 | 1.468 | 0.595 | 0.384 | 1.000

80



H>

TQM 4.0
Sustainable
Excellence

9

0.717

17.495

0.000

0.100 | 0.665 | 0.498 | 2.487

Hs

Digital

Transformation
-> Sustainable

Excellence

0.555

7.969

0.000

0.364 2.533

Ha

TQM 4.0
Digital

Transformation
- Sustainable

Excellence

9

0.428

8.376

0.000

Hs

TQM 4.0*Digital
9

Leadership
Sustainable
Excellence

0.093

2.809

0.005

0.029 1.031

5.2.3 ANN analysis

In the first stage of this research, PLS-SEM was utilised to test the hypothesised
relationships and identify the factors that influence SE. In the second phase, ANN
analysis ranks the importance of factors impacting SE.

Source: own research

From the data in Table 5.7, the average RMSE of the neural network models
was relatively small: 0.259 for the training data and 0.271 for the testing data.
These results indicate that the model's ability to predict endogenous construct, SE,
is highly accurate. Consequently, it is widely accepted that ANN model created
in this research yielded reliable and accurate findings.

Table 5.7: RMSE values (SE as Dependent Variable)

RMSE Values (SE as Dependent Variable)
Training Testing Total
Model| N |RMSE| N RMSE | sample

1 228 | 0.203 | 30 0.225 258
2 229 | 0.220 | 29 0.205 258
3 227 | 0.205 | 31 0.209 258
4 237 | 0.273 21 0.337 258
5 232 | 0.265 | 26 0.281 258
6 226 | 0.360 | 32 0.245 258
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7 234 | 0.256 | 24 0.365 258
236 | 0.269 | 22 0.395 258
9 235 | 0.235 | 23 0.205 258
10 226 | 0.305 | 32 0.244 258
Mean 0.259 0.271

Source: own research

The sensitivity analysis calculates the variations in the endogenous construct
by considering the modifications in the exogenous constructs linked to the model.
Using this analysis, the contribution of each predictor to SE was determined in
this study. The author calculated the important levels of the factors and their
normalised importance (NI). Table 5.8 shows sensitivity analysis results where
digital transformation (NI = 100%) is the most affecting exogenous construct in
predicting SE, followed by integrating sustainable development (NI = 84.3%), top
management (NI = 81%), automatic data collection (78.1%), smart organisation
(N1 =76.2%), quality culture 4.0 (NI =75.5%), smart product (NI = 72,4%), smart
quality control (NI = 70.9%), smart quality assurance (NI = 70.9%), automated
document control (NI = 70%), and skill 4.0 (NI = 65.1%).

Table 5.8: Sensitivity analysis

HZ;JV(/ZIrks T™ | Qc | sk | so | I1sb | ADC | ADAC | sQC | SQA | sp DT
Model 1 0.842 | 1.000 | 0.730 | 0.688 | 0.820 | 0.741 | 0.871 | 0.793 | 0.557 | 0.611 | 0.879
Model 2 0.676 | 0.709 | 0.643 | 0.632 | 1.000 | 0.764 | 0.289 | 0.378 | 0.640 | 0.651 | 0.810
Model 3 0.414 | 0.497 | 0.355 | 0.637 | 0.545 | 0.580 | 0.554 | 0.569 | 0.396 | 0.656 | 1.000
Model 4 0.827 | 0.847 | 0507 | 0.515 | 0.744 | 0.717 | 1.000 | 0.675 | 0.351 | 0.816 | 0.699
Model 5 0.709 | 0.804 | 0.882 | 0.673 | 0.984 | 0.676 | 0.731 | 0.605 | 1.000 | 0.800 | 0.917
Model 6 0.713 | 0.947 | 0.699 | 0.831 | 0.819 | 1.000 | 0.716 | 0.690 | 0.772 | 0.730 | 0.955
Model 7 0.195 | 0.284 | 0.601 | 0.916 | 0.495 | 0.187 | 0.849 | 1.000 | 0.598 | 0.395 | 0.680
Model 8 1.000 | 0.310 | 0.275 | 0.414 | 0.604 | 0.388 | 0.348 | 0.171 | 0.446 | 0.389 | 0.534
Model 9 1.000 | 0.851 | 0513 | 0548 | 0.711 | 0.587 | 0.777 | 0.674 | 0517 | 0.657 | 0.896
Model 10 0.637 | 0.765 | 0.564 | 0.685 | 0.568 | 0.646 | 0.475 | 0.522 | 0.664 | 0.560 | 1.000
Mean 0.096 | 0.089 | 0.077 | 0.090 | 0.100 | 0.083 | 0.092 | 0.084 | 0.084 | 0.086 | 0.118
Importance

Normalised | g1 40, | 75506 | 65.1% | 76.29% | 84.3% | 70.0% | 78.1% | 70.9% | 70.9% | 72.4% | 100.0%
Importance

Rank 3 6 11 5 2 10 4 8 9 7 1

Source: own research
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6 DISCUSSIONS

My thesis investigates two main studies: the first focuses on exploring TQM
4.0’s indicators and factors of the practices in manufacturing companies, and the
second focuses on investigating the relationship between TQM 4.0 practices and
Sustainable Excellence.

6.1 Discussions in Study 1

The first study uses the STS theory as a framework to investigate the ten factors
of TQM 4.0 practices and their indicators by employing three survey rounds. The
research has identified forty-one indicators corresponding to ten factors (five
social factors and five technical factors). The ten factors include Top management
(consisting of 4 indicators), Quality Culture 4.0 (consisting of 4 indicators), Skill
4.0 (consisting of 4 indicators), Smart organisation (consisting of 5 indicators),
Integrating sustainable development (consisting of 4 indicators), Automated
document control (consisting of 4 indicators), Automated data collection
(consisting of 3 indicators), Smart Quality Control (consisting of 4 indicators),
Smart Quality Assurance (consisting of 5 indicators), and Smart product
(consisting of 4 indicators). Several factors, including top management, smart
organization, skills 4.0, sustainable development integration, Smart Quality
Control, Automated document control, and Automatic data collection, have
similarities in previous studies (Sader et al., 2019; Fundin, 2020; Chiarini and
Kumar, 2022). However, prior research only mentioned the central theme and
failed to develop the indicators to the same extent as my investigation.
Furthermore, this study gives insight into social factors that have escaped the
attention of previous research. In previous studies, quality culture 4.0, for
instance, was disregarded. Conversely, organisations must prioritise developing
and disseminating the quality culture 4.0 in TQM 4.0. It facilitates employees'
readiness to adopt new technologies and readily accept new tools in Industry 4.0.

The author used the AHP technique to rank the importance of TQM 4.0’s
indicators and factors. The findings reveal three distinct rankings, which consist
of (1) ranking of factors in the TQM 4.0 framework based on their importance,
(2) ranking of the indicators within each factor, and (3) ranking of the indicators
in the whole indicators in the TQM 4.0.

In particular, “top management” factor was most important among the ten
factors assessed when investigating the TQM 4.0 implementation. Therefore,
when evaluating the implementation of TQM 4.0, the scale should incorporate
indicators that belong to top management involvement. This result is marginally
consistent with the findings of Chiarini and Kumar (2022), who suggest that top
management is a crucial component of the Quality 4.0 model in Italian
manufacturing firms. “Quality Culture 4.0 is the second most important factor,
while "Integrating sustainable development™ is positioned as the third largest
factor out of ten. Additionally, in the "Quality 2030: quality management for the
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future” study, Fundin (2020) emphasised the importance of incorporating
sustainable development. Society must be the focus of TQM 4.0, which connects
quality and sustainability (Ramanathan, 2019; Fundin, 2020). Smart Organisation
and Skill 4.0, the two factors that comprise the social approach, are positioned 4"
and 5", respectively, among the ten factors. Chiarini and Kumar (2022) and
Kupper et al. (2019) corroborate this result, which demonstrates that “Skill 4.0”
Is required for TQM 4.0 implementation. The TQM 4.0 framework also specifies
"smart organisation" as a social factor, with "lean structure organisation" and
"adaptability in a fast-changing environment" being the two indicators that carry
the most significant weight.

Furthermore, experts consider five technical factors less important but essential
components of a TQM 4.0 system. This research validates the aspects that have
been underscored by numerous authors in prior investigations. Nevertheless, this
study provides additional contribution by ranking the comparative importance of
every factor and indicator. Smart Quality Control is the most significant technical
factor, with "Real-time quality inspection™ and "A new kind of SPC based on
machine learning" carrying the highest weightings as indicators. The TQM 4.0
model enables quality department to inspect the quality of products or services in
real-time (Sader et al., 2019) and introduces a new type of statistical process
control (SPC) that utilises artificial intelligence to anticipate various machining
defects and provide feedback to the machine. This feedback automatically adjusts
the machine's parameters in real-time without requiring human involvement
(Chiarini and Kumar, 2022). The following factor is “Smart Quality Assurance”,
where the two most important weighted indicators are “Using Al software for
prediction and prevention” and “Big-data analysis”. The TQM 4.0 framework will
incorporate machine learning to conduct maintenance proactively and implement
preventive measures to prevent downtime or system failure (Chiarini and Kumar,
2022). The TQM 4.0 framework incorporates big-data analysis to gather data
produced from production processes and convert it into user-friendly interface to
support decision making (Sader et al., 2019; Sader et al., 2021). Next, the factor
of "Smart product" is ranked 8" among the factors investigated. It explains the
way smart technologies can help enterprises identify and track products. In TQM
4.0 framework, smart sensors in products, packaging and RFID technologies can
be utilised for monitoring and identifying product conditions (Chiarini and
Kumar, 2022). The factors of "Automated document control™ and " Automatic data
collection” are the least significant. The TQM 4.0 framework automates the
collection of various forms of product-related data. The findings of this thesis are
corroborated by Chiarini and Kumar (2022), who assert the utilisation of
automatic documentation for the Quality Management System. Finally, TQM 4.0
will additionally offer SOPs to guarantee that the employees in enterprises follow
the most current instructions and procedures (Kupper et al., 2019).
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6.2 Discussions in Study 2

The second study investigates the correlation between TQM 4.0 practices and
SE as well as the influence of DT as a mediator and digital leadership as a
moderator on this relationship in the manufacturing industry based on the
stakeholder, NRBR, and STS theories. The results indicated that the
implementation of TQM 4.0 practices has a positive impact on both DT (Digital
Transformation) and SE (Sustainable Excellence). TQM 4.0 practices additionally
impact SE indirectly through DT, in addition to their direct effects. In this study,
the mediating function of DT between TQM 4.0 practices and SE was validated.
The significance of the discovery within the framework of Industry 4.0 is to equip
the organisation with a comprehensive and sustainable model. TQM 4.0
implementation has facilitated the DT of organisations and enhanced SE
outcomes. Industry 4.0 technologies are suitable for businesses that want to
achieve sustainable growth and quickly adapt to an unstable environment. This
study's findings are consistent with previous research (Sanders et al., 2016;
Sordan et al., 2022; Piyathanavong et al., 2022). Moreover, the findings indicate
the importance of digital leadership by demonstrating that when TQM 4.0 is
implemented in an organisation with more digital leaders, the achievement of SE
IS enhanced.

Using the ANN method, the second study ranks the importance of TQM 4.0
practice factors that enhance SE. The most influential exogenous constructs for
predicting SE, according to the key results, are digital transformation, integrating
sustainable development, smart organisation, and top management 4.0. As a
result, future research examining methods to improve SE in manufacturing
companies should not assume that each factor contributes equally but rather assess
the relative significance of the components. It is surprising that, according to ANN
results, the most significant elements of TQM 4.0 practices to improve SE are
social aspects rather than technical aspects, which have received the most
scholarly attention, despite the fact that TQM 4.0 is an integration of TQM and
numerous tools of Industry 4.0. There are sustainable development, intelligent
organisation, and top management 4.0. The findings of this study are consistent
with those of previous research on TQM 4.0/ Quality 4.0 practises. In the study
titled "Quality 2030: quality management for the future,” Fundin et al. (2020)
emphasised combining sustainable development. While serving society, TQM 4.0
must integrate quality and sustainability (Fundin et al., 2020). Moreover, Nguyen
et al. (2023) proposed that a smart organisation is distinguished by its lean
structure and its ability to adapt to a swiftly changing environment. There, upper
management supports initiatives, disseminates organisational knowledge, and
scales up effective innovations. To accomplish SE, the concept must include not
only operational performance but also environmental, social, and innovative
performance; ISD and SO are essential predictors of a consistent outcome. Expert
evaluation of the TQM 4.0 application ranked top management as the most
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essential of the ten domains (Nguyen et al., 2023). Top management 4.0 is also
an important factor in achieving SE. Chiarini and Kumar's (2022) research also
revealed that top management is a crucial aspect of the Quality 4.0 paradigm in
Italian manufacturing companies.

7 CONTRIBUTIONS
7.1 Theoretical contributions

My thesis makes valuable contributions to the existing body of knowledge on
quality management in general, as well as the specific research on the movement
of TQM 4.0 framework in several ways. Firstly, the thesis is an initial attempt to
identify TQM 4.0’s indicators and factors in manufacturing organisations through
the utilisation of the Delphi technique in three rounds. Forty-one indicators have
been identified for ten key factors in the study, which concludes with five social
and five technical factors. Furthermore, this brings light on social factors that have
failed the attention of previous research. In prior research, quality culture 4.0, for
instance, was disregarded. Therefore, organisations must prioritise the
development and dissemination of the new quality culture 4.0 outlined in TQM
4.0. It facilitates the acceptance of new tools by employees and prepares them to
adapt to emerging technologies in the 4" Industrial Revolution.

Secondly, this thesis is the initial endeavour to rank the weighted significance
of factors and indicators within the TQM 4.0 framework. The results of the AHP
analysis reveal three rankings: (1) the importance of factors, (2) the importance
of the indicators in each factor, and (3) the importance of the indicators in total
indicators in the TQM 4.0 model. This significant finding demonstrates that
crucial indicators or factors should carry greater weight, while less significant
indicators or factors should carry lesser weight. Hence, it is imperative for
forthcoming researchers to carefully evaluate the varying significance of TQM
4.0 factors and avoid making the assumption that every factor is equally important
when investigating the TQM 4.0 framework in production companies.
Surprisingly, the most important features of TQM 4.0 are the social aspects rather
than the technological aspects, which have received a lot of attention from many
different academics. This is despite the fact that TQM 4.0 is an integration of
TQM and a variety of tools that are part of Industry 4.0.

Thirdly, this thesis examines the TQM 4.0 model by integrating the concepts
of the STS theory and attaining an ideal equilibrium between social and
technological elements. The STS theory tackles the constraints of conventional
TQOM and Industry 4.0 by presenting a TQM 4.0 framework that provides
improved adaptation, flexibility, and sustainability. This discovery partially aligns
with an earlier study conducted by Sony and Naik (2020), which suggested
incorporating STS theory into the design of Industry 4.0 implementation.
However, this thesis represents the initial effort to improve the current QM
literature by including STS theory into the TQM 4.0 framework. Traditional TQM
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generally focuses on external management, whereas Industry 4.0 lays a stronger
emphasis on technological instruments. On the other hand, the STS theory
promotes the idea that businesses should give more importance to internal
management by increasing employee empowerment, promoting productivity, and
nurturing creativity and innovation. By incorporating the STS theory into TQM
4.0, a framework is established that successfully harmonises internal and external
management, leading to the attainment of a lasting competitive advantage.

Fourthly, this thesis is an initial effort to provide a comprehensive and
empirical analysis of TQM 4.0 practices and SE in the manufacturing sector by
anchoring on the stakeholder, NRBR, and STS theory. This study not only
analyses the connection between TQM 4.0 practices and SE but also explores the
mediating role of DT and the moderating role of digital leadership in the
relationship between TQM 4.0 practices and SE. TQM 4.0 practices, including
ten factors and 41 indicators, were incorporated into the model in order to examine
their effect on SE. The results indicated that implementing TQM 4.0 practices has
a positive impact on both digital transformation and sustainable excellence. In
addition, TQM 4.0 practices not only directly impact SE but also indirectly
influence it through DT. The mediated role of DT in the relationship between
TQM 4.0 practices and SE was confirmed in this study. In the context of Industry
4.0, the discovery's significance is creating a comprehensive and sustainable
model for the company. The implementation of TQM 4.0 has promoted the DT of
businesses and improved SE outcomes.

Finally, this is the first attempt to rank the significance of TQM 4.0 practises
factors to improve SE using the ANN technique. According to the significant
findings, the most influential exogenous constructs for predicting SE are digital
transformation, integrating sustainable development, smart organisation, and top
management 4.0. Therefore, future research examining methods to improve SE in
manufacturing companies should evaluate the relative significance of the
components and not assume that each factor contributes equally. Despite the fact
that TQM 4.0 model is a combination of TQM and many Industry 4.0’s tools, it
IS surprising that, according to ANN results, the most significant elements of
TQM 4.0 practises to improve SE are social factors rather than technical factors,
which received the most attention from researchers.

7.2 Managerial contributions

My research indicates that production companies implementing the TQM 4.0
framework should utilise social and technical factors. The computation of
indicator weight has facilitated the prioritisation of forty-one indicators, revealing
that indicators related to social factors hold greater significance compared to those
associated with technical factors. This outcome is noteworthy for business
practitioners who want to implement TQM 4.0 in their companies. This thesis
suggests that the key factors for success are “Top management commitment,
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Quality-driven mindfulness, and Employee empowerment”. Hence, it is
imperative for top executives in manufacturing organisations to demonstrate
unwavering dedication to the implementation of TQM 4.0 in order to achieve
success. In addition, managers should promote a culture of mindfulness focused
on quality and empower employees by fostering self-leadership. They should also
take proactive measures to address problems instead of relying solely on regular
processes, with the aim of achieving success on the first attempt, minimising
waste, and reducing costs associated with failures.

Moreover, the findings reveal that indicators or factors are different at
Important levels. Managers in the manufacturing industry should prioritise
specific factors or indicators when applying and evaluating TQM 4.0. It is
Important not to assume that all factors have an equal impact. This enhances the
precision and efficiency of implementing and evaluating TQM 4.0 in the
enterprise.

Furthermore, it is essential for managers to be aware that the TQM 4.0 model
not only fulfils the expectations of consumers, improves performance, and
satisfies shareholders, but it also works towards sustainable growth by addressing
the demands of society. Consequently, it is imperative for manufacturing
enterprises to adopt a more sustainable approach and incorporate environmental
management systems. In addition, the incorporation of various Industry 4.0 tools
necessitates that employees acquire new proficiencies, particularly in the domains
of analytics, artificial intelligence, machine learning, cyber-physical systems
(CPS), and digital skills for problem-solving and proactive measures are essential
for quality staff. Therefore, it is imperative for manufacturing organisations to
promote and facilitate employee skill development through training programmes.
Utilising online courses can particularly enhance their digital skills conveniently.

Moreover, this empirical investigation revealed that TQM 4.0 practices
significantly affect SE. Furthermore, there are different important TQM 4.0
activities in order to gain SE. In order to implement TQM 4.0 in the manufacturing
business, managers should prioritise factors that have the most role in enhancing
the accomplishment of SE, such as integrating sustainable development, smart
organisation, and top management 4.0. Managers should connect quality and
sustainability and develop more sustainable operations. Manufacturing businesses
need lean structures for operational efficiencies and quicker decision-making
facilitated by Al-based systems. This lean organisation will be capable of
adjusting to a rapidly changing environment. Managers should promote a culture
of quality-focused awareness and empowerment by fostering employee self-
leadership and proactively addressing issues rather than relying solely on routine
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procedures to minimise inefficiencies and decrease the costs associated with
failures.

Finally, the application of TQM 4.0 promotes DT in businesses, which leads to
the achievement of SE. This result is remarkable for manufacturing industry
practitioners. Applying TQM 4.0 practices in an environment where DT is being
aggressively promoted not only assists businesses in achieving SE but also
improves their digital performance. Therefore, the application of the TQM 4.0
model, which combines the social approach and tools of Industry 4.0, should be
considered a comprehensive and sustainable model for businesses. Managers
should inspire all employees with the DT plans of the organisation and encourage
all employees to consider DT ideas.

8 CONCLUSIONS

8.1 Conclusions of the thesis

This thesis contributes to exploring the TQM 4.0’s indicators and factors based
on STS theory. The study analysed data from three survey rounds and found
results that included ten factors and 41 indicators, as outlined below: Top
management (consisting of 4 indicators), Quality Culture 4.0 (consisting of 4
indicators), Skill 4.0 (consisting of 4 indicators), Smart organisation (consisting
of 5 indicators), Integrating sustainable development (consisting of 4 indicators),
Automated document control (consisting of 4 indicators), Automated data
collection (consisting of 3 indicators), Smart Quality Control (consisting of 4
indicators), Smart Quality Assurance (consisting of 5 indicators), and Smart
product (consisting of 4 indicators). The findings also indicate the importance of
indicators or factors, which consist of (1) ranking of factors in the TQM 4.0
practices based on their importance, (2) ranking of the indicators within each
factor, and (3) ranking of the indicators in the whole indicators in TQM 4.0
practices. This result provides valuable insights for researchers and professionals
who can utilise it to implement and evaluate TQM 4.0 in production companies.

This thesis also investigates the relationship between TQM 4.0 practices and
SE in the production sector. The results demonstrated that TQM 4.0 practices
positively influence both digital transformation and sustainable excellence. The
mediate role of digital transformation and the moderate role of digital leadership
in the relationship between TQM 4.0 practices and SE were authenticated. The
investigation also ranks the importance of TQM 4.0 practice factors for enhancing
SE. The most influential exogenous constructs for predicting SE, according to the
key results, are digital transformation, integrating sustainable development, smart
organisation, and top management 4.0.
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8.2 Limitations and future research

Despite the significant contributions that this thesis makes to the field of QM,
it acknowledges specific limitations. Firstly, there is low participation in Study 1
because of the practical challenge of requiring respondents to join in all Delphi-
AHP survey rounds. Secondly, it is important to mention that some TQM
4.0’s indicators have not been identified in the conceptual model of this study.
Despite the study's comprehensive approach, which includes a careful literature
review and three rounds of Delphi method, to thoroughly investigate all the
indicators of TQM 4.0, this limitation cannot be avoided. Therefore, it is
recommended that future researchers make an effort to identify any additional
indicators that may have been overlooked in this study. Thirdly, comprehending
the effects that TQM 4.0 practises have on SE is predominately dependent on the
information obtained from closed questionnaire surveys. That caused the research
to ignore profound opinions that the closed questionnaire could not collect.
Therefore, in-depth interviews with industry professionals might provide more in-
depth explanations of the correlations between the elements. Moreover, scholars
can research typical TQM 4.0 application case studies that are robust enough for
a significant amount of time to be used in upcoming research. Fourth, the results
of the survey provided by a single respondent do not accurately reflect the real
implementation. In the future, a questionnaire should be distributed to a large
number of appropriate individuals. For instance, managers will provide more
correct answers to problems connected to performance, whereas an engineer may
provide more accurate answers to questions linked to skills. Fifth, despite attempts
to examine the TQM 4.0 - SE framework, the research may still disregard
numerous factors associated with the model. Due to the recent development of
this field of study, the successful implementation of TQM 4.0 will necessitate
further empirical investigation to understand better the factors that determine SE.
Finally, it is important to acknowledge that the research was carried out in a
developing nation where awareness and understanding of TQM 4.0 are still in
their early stages. Therefore, it is necessary to obtain validation from other
regions. Future research should, therefore, aim to investigate TQM 4.0 in various
areas or countries, as this would enable a comparison of TQM 4.0 framework
based on perspectives of experts in variety of geographical areas.
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APPENDICES
Appendix 1: Questionnaire of the Delphi round 1.

QUESTIONNAIRE il );WUWJ@ 9 il Com
Bang cau hoi

My name is Nguyen Thi Anh Van, a lecturer at HCMC University of Technology and Education. | am also a PhD student at Tomas Bata
University in Zlin, Czech Public. I am investigating on Total Quality Management model in the industry 4.0 context (TQM 4.0) in
manufacturing sector? ”. I am looking forward to receiving your comments on the model. I promise that the information you provide will
be kept confidential and only used for the research process. I thank you very much for your answer.
T6i la Nguyén Thi Anh Van, hi¢n la giang vién mm'ng DH Su pham Ky thudt TP HCM. Hién t6i dang nghién ciru vé mé hinh quan tri
chat heong toan dién trong Cong nghiép 4.0 ( goi tit la TQM 4.0) tai cdc doanh nghiép san xudt. Ral mong s€ nhdn dwgc sy gop y cua
quy anh/ chi cho mé hinh ma t6i dang nghién ciru. Toi cam két nhitng thong tin quy ank/ chi cung cdp diegre bao mdt, chi phuc vu cho quda
trinh nghién cieu. Toi rdt cam om sy céng téc cvia ank/ chi.
I - Total Quality Management 4.0 model (TQM 4.0)
Ngi dung vé mé hinh quén tri chat leong toan dién 4.0 (TOM 4.0)
TQM 4.0 model is the integration of Industry 4.0 tools into Total Quality Management system. I developed the TQM 4.0 model based on
TQM principles and the huge application of new technologies of Industry 4.0 to the management system. The TQM 4.0 model consists
of 11 factors (44 observed variables) with two main aspects: social and technical aspects. Applications of Industry 4.0 tools include
Automated document control, Automated data collection using Cyber-Physical Systems, intelligence sensors, and loT; Smart Quality
Control by using RFID technology and smart sensors on products and packaging to identify and trace products; Smart Quality Assurance
by collecting and analysing big data to make accurate predictions to understand customer needs better and identify and eliminate the root
causes of production defects and will take immediate action to avoid defects and production failure, etc.
Mo hinh TOM 4.0 la su tich hop cde cong cu cua Cong nghiép 4.0 vao hé théng quan tri chat legng toan dién. Mo hinh TOM 4.0 dwoc
xdy dung duea trén cdc nguyen téc ciia TQM va sw dp dung manh mé cac cong nghé mdéi cua Cong nghiép 4.0 vao he thong quan ly. M6
hinh dege trinh bay gom 11 yeu 16 (44 bién quan sdt) vai hai khia canh chinh: khia canh vé xd hoi va khia canh vé cong nghé. Cdc dp
dung cua cdc cong cu Cong nghiép 4.0 bao gom: Kiém sodt tai liéu ti dong, Thu thdp dit liéu tw dong béang hé thong khong gian mang
thiec-Go, cde cam bién thong minh va Internet van vat; Kiém sodt chat lwgng thong minh béng cong nghé RFID va cam bién théng minh
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trén san phdm va bao bi dé nhén dién va truy xudt nguon goc cdc san pham; Dam béo chdt liwgng thong minh bang viéc thu thdp va phén
tich di liéu Iém dé diea ra die dodn chinh xdc @é hiéu ré hom nhu céu ciia khdch hang, ciing nhie xdc dinh va logi b6 cde nguyén nhdn goc
¥é ciia cdc 16i san xudt va sé thuee hién hanh dong sém ngay Igp tice dé trdnh cde khuyét tdt va l6i san xudt ,..

1. Please give some information about your understanding of TQM 4.0? Please tick (X) the box that is correct.

Anh/chi hdy cho biét mit vai thong tin vé su hiéu biét vé TOM 4.0 ciia anh/chi? Xin hay tich (X) vao 6 ma anh/chj thdy ding.

[C] Your company has applied new technologies in production and quality such as: RFID technology and smart sensors, automatic data
collection, real-time data collection,.... (Trong cong ty anh/chi c6 dp dung cde cong nghé méi trong san xudt, chdt lwong nhie: Cong nghé
RFID va cam bién thong minh, thu thdp dit liéu tw dong, thu thdp dir li¢u trong théi gian thue, ....)

(X You have knowledgeable of Total Quality Management (Cdc anh/chi c¢6 hiéu biét vé quan tri chdt legng toan dién)

[[] You have knowledgeable of the tools in Industry 4.0 (Cdc anh/chj c6 hiéu biét vé cdc cong cu trong cuge cach mang cong nghiép 4.0)

[X] You have been trained in TQM for the last 3 years (Cdc anh/chi duge dao tao vé kién thicc vé quan tri chdt heong trong thoi gian 3
ném gan ddy)
[] You have been trained in new technology in Industry 4.0 tools such as for the last 3 years (Cdc ank/chj diwgc dao tao vé cdc cong nghé
mdi trong Cong nghiép 4.0 trong thoi gian 3 ndam gdn day)
X You have studied and researched on the application of new technologies in production/quality management (Anh chj timg tim hiéu,
nghién ciru vé viéc dp dung cdc cong nghé méi trong quan tri san xuat/ chat heong)

If you do not have any understanding of the tools of industry 4.0 in production/quality management, the survey ends here. If you
choose any of the options above, please continue the survey. Thank you very much.
Néu anh/chi khéng cé bat ky sie hiéu biét gi vé cde cong cu ciia cong nghiép 4.0 trong quan tri san xudt/ chat lwomg thi cuge khdo sat dén
day két thiic. Néu anh/chi chon bat ky tiry chon nao ¢ trén thi xin moi tiép tuc cuée khao sat. Cam on anh/chi rét nhiéu.
2. The factors of TQM 4.0 model.
Please rate the importance of the factors in the TQM 4.0 model that I have given by ticking (X) in the appropriate boxes with the following
convention:
(1: not important; 2: slightly important; 3:moderately important; 4: very important; and 5: extremely important)
You rate the factors based on your knowledge and experiences to answer the question * What factors are important for the TQM 4.0
model?”. This question is NOT evaluate the TQM 4.0 implementation in your company.
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Anh/ chi hdy cho danh gia sir quan trong cua cdc Yéu 16 trong mé hinh TOM 4.0 ma 16i da dwea ra hing cach danh ddu (X) vao cic 6
thich hop vai qui wde san;

(1: Rit it quan trong; 2: It quan trong; 3:Quan trong; 4:Riit quan trong; 5:Hodn toan quan trong)
Anh/ chi hiy dénh gia cde yén 16 dica trén kién thite va kinh nghiém ciia minh dé tra loi can hoi *Yéu 16 néo lé quan trong ctia mo hinh
TOM 4.07 7. Cdu hoi nay KHONG phai lé danh gia vige trién khai TOM 4.0 trong cong ty ciia anh/chi.

Factors (Cic yéu t6r) 4 5
Top management (Su linh dao)

1| In TQM 4.0 model, top managements need to commit for TQM 4.0 development. 4 {
Trong mé hinh TOM 4.0, cde quan Iy cao nhat can phai cam két pht trién TOM 4.0

2 | In TQM 4.0 model, top managements need to involve for TOM 4.0 development. 4 K
Trong mo hinh TOM 4.0, cac quan Iy cao whdt cdn tham gia phé trién TOM 4.0

3 | In TOM 4.0 model, top managements need to provide resources for TQM 4.0 development. 4 )(
Trong mé hinh TOM 4.0, cdc quan Iy cao nhat can cung cdp cde nguon hee dé phat trién TOM 4.0

4 | In TOM 4.0 model, top managements need 1o establish policy, strategic, objectives and indicators for TQM 4.0 4 ?{
Trong mé hinh TOM 4.0, cac guan ly cao nhdt can thiét lap chinh sdch, chién hege, muc ticu va cdc chi tiéu cho TOM 4.0

Quality Culture 4.0 ( Viin hoa chiit lugng 4.0)

I | TOM 4.0 should encourage employees self-leaders and to actively solving problems instead of waiting for regular processes. )( 5
TOM 4.0 nén khuyén khich nhén vién te quan Iy va chi dong giai quyét van dé thay vi cher dei quy trinh thong thucmg.

2 | TQM 4.0 model should encourage employees empowerment in the organisation. x 3
M6 hinh TOM 4.0 nén khuyén khich trao quyén cho nhén vién trong 16 chire.

3 | TOM 4.0 should encourage individuals across the organization understand their roles in achieving quality goals 7( 5
TOM 4.0 nén klmyé'n khich cde cd nhan rong 16 chire hiéu ré vai ro ciia ho trong vige dat duge cae myc tiéu chit leomg

4 | In TOM 4.0 model, organisations will use digital media to articulate quality goals and objectives to all layers of the Y 5

organisation.
Trong mé hinh TOM 4.0, 16 chnee sir dyng pliremg tién k¥ thudt s6 dé truvén dat ede muc tiéu chat heong t@i tat ca cdc cdp va
b phan chire nang cua 16 chiie.
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Skill 4.0

I | In TQM 4.0 model, quality control staff should acquire more knowledge of skills related to data analytics 2 5
Trong ma hinh TOM 4.0, nhén vién kiém sodt chét luomg (OC) cdn ¢6 thém cie ki ndng lién quan dén phan tich div ligu,

2 | In TQM 4.0 model, quality stafT will spend less time in operative tasks such as inSpectim;;. and more time problem-solving 2 \A
and preventive activities.
Trong mé hinh TOM 4.0, nhan vién chit heong sé danh it thoi gian hom cho vige kiém tra chdt heomg sian phém méa dénh nhiéu
thai gian hem trong viée giai quyé} var dé va dia ra cdc hoat ding phong ngica.

3 | TQM 4.0 model requires employees apply digital tools and can tell data-driven stories 2 \ﬂ
M hinh TOM 4.0 yéu cdu nhén vién dp dune cde cong cu ky thugt 56 v €6 thé ké cin chuvén diea trén dir ligu,

4 | In TQM 4.0 model, data scientists as quality expents. 2 5
Trong mé hinh TOM 4.0, cde nha khoa hoe dit ligu (data scientists) duwge coi la ede cluyén gia chat tiegmg (quality experts).

5 | In'TOM 4.0 model, creative thinking emphasises team activities in the design stage and QM activities. 2 5
Trong mé hinh TOM 4.0, fw duy sang tao dupe chii trong trong cdc hoat ding nhom & giai doan thiét ké va cdc hoat ding
quan tri chat ligmg.

Intellectual capital management (Quan tri von tri tug)

1 | Besides managing human resources, TQM 4.0 model should also focus on current developing and leveraging human capital 2 3
such as experience and skills of employees
Bén canh viée quan Iy nguon nhén liee, mé hinh TOM 4.0 nén tdp trung vao vige phdt trién va tén dung von nhan tee (humean
capital) hién tqi nhie kinh nghi¢m va kv nang cuia nhédn vién.

2 | TQM 4.0 model should focus on developing social capital, such as the working relationships of people both within and outside 2 5
an organization,
Mo hinh TOM 4.0 nén tgp trung phar trién von xa@ hei( social capital), cu thé Ii cac moi quan hé lam vige ciia moi ngiedi ca
trong va ngodi 1o chire,

3 1 TOM 4.0 should focus on inteliectual capital management such as reputation, employee loyalty. customer relationships, 2 5

company values, brand image.
Mo hinh TOM 4.0 nén tap trung vao quan tri von 1ri tug (vi du nivr danh :ié):g. long trung thanh cua nhdn vién, moi g ¢
vai khach hang, gia tri cong ty, hinh anh thweong hiéu)
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Smart organisation ( T6 chirc thdng minh)

In TQM 4.0 model, top managements will support initiatives, spread organisational knowledge, and scale up successful
innovations.

Trong mé hinh TOM 4.0, cdc nha quén Iy cao nhdt sé hé trg cdc sang kién, truyén bd tri thire ciia t6 chizc va mo réng quy mé
cdc d6i méi thanh cong.

TQM 4.0 will rise to lean structures organisation which bring operational efficiencies and make decision making quicker by
Al-based systems.

TOM 4.0 sé tao ra cdu tric té chirc tinh gon (lean structures organisation) mang lai hi¢u qua hoat dgng va giiip viée ra quyét
dinh nhanh hom nhé cdc hé théng dwa trén tri tué nhan tgo.

TQM 4.0 tools will help improve communication from connectivity features and social networking, facilitating innovation and
sharing ideas between production parties and stakeholders (such as: suppliers, patterners, customers, investors)
Céc cong cu TOM 4.0 sé giip cai thign giao tiép tir céc tinh ning két néi va mang xa hi, tao diéu kién déi méi va chia sé y
twomg gifta san xudt va cdc bén lién quan (chdng han nhw nha cung cdp, nha thiét ké, khach hang, nha déu t)

In TQM 4.0 model, company will provide a virtual platform used by buyers and sellers; and credit card companies and logistics

providers also use the same platform to provide services seamlessly.

Trong TOM 4.0, céng ty s& cung cdp mét nén tang do diwge ngudi mua;ngwdi ban sic dung; va cde cong ty thé tin dung va nha
£ N - 2 Ry D Y d . - £ - - .2

cung cdp dich vu hdu can cimg sic dung ciing mot nén tang dé cung cap dich vu mét cdch lién mach.

TQM 4.0 model will adapt fast-changing environment with exploration (external innovation such as innovation of products)
and exploitation (innovation with an internal focus, for instance, on processes)

MG hinh TOM 4.0 sé thich img véi moi truimg thay d6i nhanh théng qua sw 46i méi cho bén ngodi (vi du déi méi san phém)
va sw d6i mdi cho bén trong (vi du d6i méi quy trinh)

Integrating sustainable development (Tich hgp phit trién bén vimg)

TQM 4.0 model needs to link quality and sustainability.
M@ hinh TOM 4.0 can gdn két giita chdt legng va tinh bén viing

TQM 4.0 model will focus on quality-based management for ready serving society
MG hinh TOM 4.0 sé tdp trung vao quan Iy dya trén chat lugng dé sin sang phuc vu xa héi

TQM 4.0 model need to develop operations in a more sustainable way M6 hinh TOM 4.0 can phdt trién hoat dong theo huémg
bén viing hom

TQM 4.0 model need to integrate of environmental management systems.
M6 hinh TOM 4.0 can tich hop cdc hé théng quan Iy méi truimg.

| K K| K
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Technical factors

Automated document control (Kiém sost ti liéu ty djng)

TQM 4.0 model need to integrate quality management documentation into ERP modules and automatic revision when
products/processes change

M6 hinh TOM 4.0 can tich hop tai liéu quan Iy chdt lwong vao cde mé-dun ERP va tie ding sica doi khi san pham / quy trinh
thay doi

In TQM 4.0 model, using electronic documentation for Quality Management System is necessary.
Trong mé hinh TOM 4.0, sir dung tai li¢u dién tir cho H¢ théng quan Iy chdt hegmg la can thiét.

In TQM 4.0 model, work instructions are automated and controlled in real-time.
Trong mé hinh TOM 4.0, hudmg dén cong vige duwge tw dpng héa va kiém sodt trong théi gian thye.

TQM 4.0 will provide digital standard operating procedures (SOPs) to ensure that workers have the most up-to-date
instructions

TOM 4.0 s& cung cdp cdc quy trinh van hanh tiéu chudn k§ thugt sé (digital SOP)dé dam bao ngudi lao déng c6 cdc huimg
da’n'cép nhdt nhat.

= K ¥

Automatic data collection (Thu thip dir li¢u tu djng)

In TQM 4.0 model, data will be collected automatically throughout the product lifecycle using Cyber-Physical Systems,
sensors, and loT.

Trong mé hinh TOM 4.0, dit li¢u s& dugc thu thép tw déng trong sudt vong doi san phim bing hé thing khong gian mang
thue-Go(CPS) va cdc cam bién duge két ndi véi Internet van vét (1oT).

In TQM 4.0 model, many types of product-related data to be automatically collected (for example: quantity of nonconforming
or scrap products, the number of labour and machine hours spent on reworks and the number of complaints and returned
products, and etc.)

Trong mé hinh TOM 4.0, nhiéu logi dit ligu lién quan dén san pha"m duge thu thdp twe dong (vi du nhue s6 luong san phzfm
khéng phit hop hodc phé pham, s6 lwgmg lao dgng va gic- méy danh cho viéc lam lai va sé lwgmg khiéu nai va tra lai san
pham,..)

In TQM 4.0 model, customer-related data such as product requirements, complaints and satisfaction levels to be collected
automatically
Trong mé hinh TOM 4.0, di# li¢u lién quan dén khéch hang dwgc thu thdp te déng (vi du: san phdm yéu cau, khiéu nai va mirc
d¢ hai long,..)
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Smart Quality Control (Kiém sost chit lugng théng minh)

TQM 4.0 model will allow real-time quality inspection.
TOM 4.0 sé cho phép kiém tra chat lugng theo théi gian thuc.

TQM 4.0 model will allow total inspection instead of sample inspection.
TOM 4.0 s& cho phép kiém tra chdt legng san pham téng thé thay vi kiém tra rit méu

In TQM 4.0 model, a new kind of SPC [statistical process control] based on machine learning predicts all kinds of defects
during machining and gives feedback to the machine itself, automatically correcting its parameters without human interaction.
Trong mé hink TOM 4.0, SPC (kiém sodt qud trinh béng théng ké)sé dywa trén hoc mdy (machine learning) @é diw dodn tdt ca
cde logi 16i trong qud trinh gia céng va dwa ra phan héi cho chinh mdy dé, tw déng sira cdc théng sé cia né ma khéng cén s
twong tdc cua con nguoi.

In TQM 4.0 model, quality data are collected automatically from different processes and integrated with ERP modules such
as the manufacturing execution system (MES) and the product life cycle management (PLM),...

Trong mé hinh TOM 4.0,diz li¢u chét hegmg dwoc thu thip te dong tie cdc quy trinh khdc nhau va dwge tich hgp trong cdc mo-
dun ERP nhu hé lhzfng thue thi san xudt (MES) va quan ly vong doi san phém (PLM),..

Smart Quality Assurance (Pam bio chat lwgng théng minh)

TQM 4.0 model will use Al software for predictive maintenance in advance and preventive intervention to avoid downtime or
system failure.

M6 hinh TOM 4.0 € sir dung phédn mém tri tué nhdn tao (Al) dé dw dodn trude va can thiép phong ngira nhdm tranh théi gian
chét hodc 16i hé thong

TQM 4.0 model will aid processes’ optimisation, improve efficiency and resources allocation by using sensors at each
production stage, and provide means to support quality activities that will minimise rework and scrape.

M6 hinh TOM 4.0 s& hé tr t6i wu héa quy trinh, cdi thign hiéu qua va phdn bé nguén lwc bing cdch sir dung cdc cam bién ¢
méi giai doan SX vé cung cdp cdc phuwong tién dé hé trg cde hoat dgng chét heong gitip giam thiéu viée lam lai va phé pham.

In the TQM 4.0 model, big-data analysis will collect real-time data generated during production and transform it into friendly
useful information.

Trong mé hinh TOM 4.0, viéc phén tich dit liéu lén (big-data analysis) s€ thu thdp dit li¢u thoi gian thue dwge tgo ra trong
qud trinh san xudt, chuyén né thanh thong tin hitu ich.

TQM 4.0 will be capable of making intelligent adjustments based on real-time data and maintain digital records.
TOM 4.0 sé cung cdp kha ndng thwc hién cdc diéu chinh thong minh dea trén dit liéu théi gian thue va duy tri hé so sé (digital
records).

107




Smart product (Sin phiim théng minh)

1 | TQM 4.0 model will support making accurate early predict market demand and consumption trends and changes. 1|2(3 )( 5
M& hinh TOM 4.0 sé hé trg dwa ra du dodn sém chinh xdc vé nhu cdu thi trucmg ciing nhw nhitmg xu hwémg va thay déi tiéu '
ding.

2 | In TQM 4.0 model, smart technologies can significantly assist compames in the identification and tracking of products. 12|34 75.
Trong mé hinh TOM 4.0,cdc céng nghé théng mmh 6 thé hoé trg ddng ke cdc eong ty trong viéc xac dinh va theo dai san
phdm.

3 | In TQM 4.0 model, RFID technologies and smart sensors on products and packaging be used to identify and trace products. | 1 |2 | 3 ‘; 5
Trong mé hinh TOM 4.0, céng nghé RFID va cam bién thong minh trén san phdm va bao bi duge sir dung dé nhan dién va
truy xudt nguon goc cdc san pham.

4 | In TQM 4.0 model, industry 4.0 connectivity features will allow customers involvement in the production process ratherthan | 1 |2 |3 | 4 ){

only being the recipient of it. /
Trong mé hinh TOM 4.0, cdc tinh nding két noi ciia nén céng nghiép 4.0 sé cho phép khdch hang tham gia vao qua trinh san
xudt thay vi chi la ngudi tiép nhan.

IL Phén ciu héi m&

1. Do you have any comments for the model TQM 4.0 above?

Cdc anh/ chi cé déng gop ¥ kién gi cho mé hinh TOM 4.0 & trén?

------ m&i..'.l.O...'.O.Q.....Q..........Q.I....0..'.‘.l.....l....l........l...-.-‘.lll.ll.l...l.lll.l'lll...Il-...lll.l.'....'l..-I....C....C.‘l.....l....‘....‘
........ ‘x EL Rl R e L R L L

2. In addition to the above factors, what factors belong to the TQM 4.0 model in manufacturing enterprises that I have not mentioned

(For example: your own way for application of TQM 4.0 in your company).

Ngodi cdc yéu té trén, lheo anh/ chi céc yéu 16 néao thuge mé hinh TOM 4.0 trong cde doanh nghiép san xudt ma t6i chua nhéc dén (Vi du

nhie viéc dp di g cu the vé TOM 4.0 trong doanh nghiép cua anh/ chz) /

......Cm;. Ao them.. chuda. k.. dep.dnde. o hgen,...q i g .ac.cwfycu_’g’é o .en........
Am..llv.gg.(.ltﬂm<0'.mkﬁﬂuh Vle” “4..'. 'Xx d‘ LA Al “:“..f&m m’..m. - c..... p....z#q’....af v. '(9 J} l‘"

..... Mo...{{” L) j../&(w. .Phnm "0- "}'e’h Hrm: ua <rnmL o e r}wm /?J P %

I11. General information section (Phdn théng tin tong quan)
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1. Please tell about the field of the company that you are working for:
Xin vui long cho biét vé linh viee hoat déng cua cong ty ma anh/ chi dang lam viéc:

[[] Computer, electronic and optical products, electrical equipment (San phdm mdy tinh, dién tic va quang hoc, cdc thiét bi dién)
[ Paper and paper products (Gidy va cdc san phdm tie gidy)
[[] Textile and leather products (San phdm dét da may mdc)
[[] Chemicals and chemical products (Hda chdt va san phdm héa chdt)

Wood products (San phdam go)

Metal products, basic metals and fabricated metal products (San pham kim logi, Kim logi cor ban va cdc san pham kim logi ché ta
[[] Food and foodstuff (Lirong thiec va thie phdam)
[] Beverages and tobacco (Pé uong va thuoc ld)
[] Motor vehicles, trailers and semi-trailers, other transport equipment (Xe co gidi, ro mode va so mi ro moée, cdc thiét bi vén tai khdc)
[C] Rubber and plastic products (San pham cao su va nhia)
[[] Medicinal and pharmaceutical products (Cdc san pham thuéc va duwgc pham)
[[] Coke and refined petroleum (Than coc va ddau mé tinh ché)
[C] Others (Khdc)

2. Please tell about your position:

Xin vui long cho biét vé vi tri anh/ chi dang lam viéc:
(X] Company/factory manager (Gidm déc cong ty/ nha mdy)
[] Quatity manager (7rwéng/ phé phong chit lwgng)
[C] QA or QC manager (Trweéng/ phé phong QA/ OC)
[C] QA or QC supervisor (Gidm sdt QA/ OC)
(] Quality staff/engineer (Nhdn vién chdt lugng)
[] Department manager (Trudng/ phé phong )
[] Production manager (Trwéng/ phé phong san xudf)
[C] Production suppervior (Gidm sdt san xudt)
["] Production staff/engineer (Nhdn vién san xudt)
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3. How many years do you work in the field of production/quality management?

Xin vui long cho biét sé nam kinh nghiém ciia anh/ chi trong linh viee quan tri san xudt/chat lhegng?

[J Under 5 years (Duwdi 5 nim) [[] 5-10 years (5-10 ndim)
R4 11-15 years (11-15 ndm) [] 16-20 years (16-20 nam)
[[] Above 20 years (Trén 20 néim)

Thank you very much for your cooperation!
Xin chdn thanh cam on sw cong tdc cia anh/chj!
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Appendix 2: Questionnaire of the Delphi round 2.

QUESTIONNAIRE
Bang cdu hoi

My name is Nguyen Thi Anh Van, a lecturer at HCMC University of Technology and Education. I am also a PhD student at Tomas Bata
University in Zlin, Czech Public. I invite you to join the survey because you answered the first round. Based on the first-round results, I
adjust TQM 4.0 model and I hope the factors in adjusted TQM 4.0 will be confirmed in this survey. I am looking forward to receiving
your comments on the model. I promise that the information you provide will be kept confidential and only used for the research process.
[ thank you very much for your answer.
Please rate the importance of the factors in the TQM 4.0 model that I have given by ticking (X) in the appropriate boxes with the following
convention:
(1: least important; 2: less important; 3:moderately important; 4:more important; and 5:most important)
You rate the factors based on your knowledge and experiences to answer the question “ What factors are important for the TQM 4.0
model?”. This question is NOT evaluate the TQM 4.0 implementation in your company.

Toi la Nguye’n Thi Anh Van, hién la giang vién truémg DH Su pham Ky thudt TP HCM. Anh/chi dwgc moi tham gia cuge khao sat nay vi
anh/chi da tham gia cugc khao sat lan 1 ctia t6i vé mé hinh T OM 4.0. Dya vao két qua cuge khao sat 1, mé hinh cua téi da co mot vai sw
thay déi cde yéu t6. Cuge khao sdt nay nham khdng dinh lai cdc yéu té trong mé hinh TOM 4.0. Rdt mong sé nhdn duoc si gép y cia quy
anh/ chi cho mé hinh ma téi dang nghién ciru. Toi cam két nhitng théng tin quy anh/ chi cung cdp dwge bao mdt, chi phuc vu cho qua
trinh nghién ciru. Toi rdt cam om s cong tdc ciia anh/ chi.

Mong anh/chj hay ddnh gia sw quan trong cua cdc yéu 16 trong mé hinh TQM 4.0 ma t6i da dea ra bing cach danh dau (X) vao cdc 6
thich hop véi qui wéc sau:

(1: Rét it quan trong; 2: It quan trong; 3:Quan trong; 4:Rit quan trong; 5:Hoan toan quan trong)

Anh/ chi hay danh gia cdc yéu 16 dya trén kién thirc va kinh nghiém ciia minh dé tra loi cau hoi “Yéu t6 nao la quan trong ctia mé hinh
TOM 4.0?". Céu héi nay KHONG phdi la danh gid viéc trién khai TOM 4.0 trong cong ty ciia anh/chj.

Factors (Céc yéu to) 1 I 2 I 3 l 4 [ 5

Top management (Sy linh dgo)
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In TQM 4.0 model, top managements need to commit for TQM 4.0 development.
Trong mé hinh TOM 4.0, cdc quan Iy cao nhdt can phai cam két phdt trién TOM 4.0

In TQM 4.0 model, top managements need to involve for TQM 4.0 development.
Trong mé hinh TOM 4.0, cdc quan 1y cao nhdt can tham gia phat trién TOM 4.0

In TQM 4.0 model, top managements need to provide resources for TQM 4.0 development.
Trong mé hinh TOM 4.0, cdc quan Iy cao nhét cén cung cdp cdc nguon lwc dé phdt trién TOM 4.0

In TQM 4.0 model, top managements need to establish policy, strategic, objectives and indicators for TQM 4.0
Trong mé hinh TOM 4.0, cdc quén Iy cao nhat can thiét Idp chinh sdch, chién lege, muc tiéu va cde chi tiéu cho TOM 4.0

Quality Culture 4.0 ( Vin héa chit lwgng 4.0)

TQM 4.0 should encourage employees self-leaders and to actively solving problems instead of waiting for regular
processes.
TOM 4.0 nén khuyén khich nhén vién tw quan Iy va chii dgng gidi quyét véin dé thay vi ché doi quy trinh théng thudng.

TQM 4.0 model should encourage employees empowerment in the organisation
MG hinh TOM 4.0 nén khuyén khich trao quyén cho nhdn vién trong t6 chie.

TQM 4.0 should encourage individuals across the orgamzauon understand their roles in achieving quahty goals
TOM 4.0 nén khuyén khich cdc cd nhdn trong t6 chirc hiéu ré vai tré ciia ho trong viée dat duge cdc muc tiéu chat leong

"3

In TQM 4.0 model, organisations will use digital media to articulate quality goals and objectives to all layers of the
organisation.

Trong mé hinh TOM 4.0, té chirc sir dung phwong tién ky thudt s6 dé truyén dat cdc muc tiéu chdt luong tai tdt ca cde cap
va bg phdn chiec nang cua 16 chie.

K

Skill 4.0

In TQM 4.0 model, quality control staff should acquire more knowledge of skills related to data analytics
Trong mé hinh TOM 4.0, nhdn vién kiém sodt chat heong (QC) cdn 6 thém cdc ky ndng lién quan dén phan tich diz li¢u.

In TQM 4.0 model, quality staff will spend less time in operative tasks such as inspections and more time problem-solving
and preventive activities.

Trong mé hinh TOM 4.0, nhdn vién chét heong sé danh it thoi gian hom cho vige kiém tra chét lugng san phiam ma danh
nhiéu théi gian hom trong viéc giai quyét van dé va dwa ra cde hoat dgng phong ngira.

TQM 4.0 model requires employees apply digital tools and can tell data-driven stories
M6 hinh TOM 4.0 yéu cdu nhdn vién dp dung cdc cong cu ki thudt s6 va c6 thé ké cdu chuyén dwa trén dit li¢u.

In TQM 4.0 model, creative thinking emphasises team activities in the design stage and QM activities.
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Trong mé hinh TQM 4.0, tw duy sdng tao dugce chii trong trong cdc hoat djng nhém ¢ giai doan thiét ké va cdc hoat déng
quan tri chdt heong.

Smart organisation ( T6 chirc théng minh)

In TQM 4.0 model, top managements will support initiatives, spread organisational knowledge, and scale up successful
innovations.

Trong mé hinh TOM 4.0, cdc nha quan Iy cao nhdt s& hé tro cdc sang kién, truyén ba tri thice ciia t6 chite va mé ring quy
mé cdc déi méi thanh céng.

TQM 4.0 will rise to lean structures organisation which bring operational efficiencies and make decision making quicker
by Al-based systems.

TQM 4.0 s€ tao ra cdu triic 16 chizc tinh gon (lean structures organisation) mang lai hi¢u qua hoat dgng va giup viéc ra
quyét dinh nhanh hon nhé cdc hé thong diwa trén tri tué nhdn tgo.

TQM 4.0 tools will help improve communication from connectivity features and social networking, facilitating innovation
and sharing ideas between production parties and stakeholders (such as: suppliers, patterners, customers, investors)

Cic cong cu TOM 4.0 sé giiip cai thign giao tiép ti cdc tinh ning két néi va mang xa héi, tao diéu kién déi méi va chia sé
¥ tlwomg giika san xudt va cdc bén lién quan (chdng han nhw nha cung cdp, nha thiét ké, khdch hang, nha déu te)

TQM 4.0 model will adapt fast-changing environment with exploration (external innovation such as innovation of products)
and exploitation (innovation with an internal focus, for instance, on processes)

M6 hinh TOM 4.0 sé thich img véi méi trweomg thay d6i nhanh théng qua sw déi mdi cho bén ngoai (vi du d6i méi san
phdm) va s déi méi cho bén trong (vi du déi méi quy trinh)

TQM 4.0 model should promote the use of online tools in training, meetings, and work management.
Mb hinh TOM 4.0 nén thiic ddy sic dung cdc cong cu triec tuyén trong déo tao, hop hanh, diéu hanh céng viéc.

Integrating sustainable development (Tich hgp phit trién bén virng)

TQM 4.0 model needs to link quality and sustainability.
M6 hinh TOM 4.0 cdn gdn két giiza chdt heomg va tinh bén vimg

TQM 4.0 model will focus on quality-based management for ready serving society
M6 hinh TOM 4.0 s tdp trung véo qudn Iy dwa trén chét legng dé sdn sang phuc vu xa hi

TQM 4.0 model need to develop operations in a more sustainable way M6 hinh TOM 4.0 can phdt trién hoat ding theo
hidng bén vimg hon

TQM 4.0 model need to integrate of environmental management systems.
M& hinh TOM 4.0 can tich hgp cdc hé théng quan 1y méi trucmg.
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Technical factors

Automated document control (Kiém sodt tai li¢u ty djng)

TOM 4.0 model need to integrate quality management documentation into ERP modules and automatic revision when
products/processes change

Mé hinh TOM 4.0 edn tich hop t4i lidu qudn I chdt lwomg véo cdc mé-dun ERP va ty ding sira doi khi san phdm / quy
trinh thay déi

In TOM 4.0 model, using electronic documentation for Quality Management System is necessary.
Trong mé hinh TOM 4.0, sir dung tai ligu dign tir cho HE thing quén ¥ chdt heomg la cdn thiét,

In TOQM 4.0 model, work instructions are automated and controlled in real-time.
Trong mi hink TOM 4.0, hedmg din céng vige dwge tw ding héa va kiém sodt trong thdt gian thir.

TOM 4.0 will provide digital standard operating procedures (SOPs) to ensure that workers have the most up-to-date
instructions

TQOM 4.0 5& cung cdp cde quy trinh vén hanh tiéu chudn kp thudt sé (d':gimf SOP)dé dém béo ngiuedi lao dpng cé cdc hiong
ddn cdp nht nhit.

Automatic data collection (Thu thip dir li¢u ty djng)

In TQM 4.0 model, data will be collected automatically throughout the product lifecycle using Cyber-Physical Systems,
sensors, and loT.

Trong mé hinh TOM 4.0, diF ligu s& depe thu thdp tw dgng trong suét vong dai san phdm béng hé théng khéng gian mang
thuc-gofCPS) va cde cam bién dwoc kit néi vai Internet van vit (ToT).

In TQM 4.0 model, many types of product-related data to be automatically collected (for example: quantity of
nonconforming or scrap products, the number of labour and machine hours spent on reworks and the number of complaints
and returned products, and etc.)

Trong mé hinh TOM 4.0, nhiéu loai di li¢u lién quan dén san phém dipe thu thap tw déng (vi dy nhur s6 heomg sdn pham
khéng phit hop hode phé pham, 56 luong lao dgng va gic mdy danh cho vige lam lai va s6 hegng khiéu nai va iré lgi sdn
pham,..)

Lad

In TOM 4.0 model, customer-related data such as product requirements, complaints and satisfaction levels to be collected
automatically

Trong mé hinh TOM 4.0, dit liéu lién quan dén khdch hing dwge thu thdp tw dging (vi du: san phim yéu cdu, khidu nai vé
mre dg hai long,_ )
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Smart Quality Control (Kiém sodt chit lugng thong minh)

TQM 4.0 model will allow real-time quality inspection.
TOM 4.0 s& cho phép kiém tra chdt lwgng theo théi gian thuc.

TQM 4.0 model will allow total inspection instead of sample inspection.
TOM 4.0 sé cho phép kiém tra chét lwong san phém téng thé thay vi kiém tra rit mau

In TQM 4.0 model, a new kind of SPC [statistical process control] based on machine learning predicts all kinds of defects
during machining and gives feedback to the machine itself, automatically correcting its parameters without human
interaction.

Trong mé hinh TOM 4.0, SPC (kiém sodt qud trinh béng thing ké)sé dwa trén hoc mdy (machine learning) dé diw dodn tdt
ca cdc logi 16i trong qud trinh gia céng va dwa ra phan héi cho chinh mdy do, tw dong sira cdc thong sé cia né ma khong
cdn su twong tdc clia con ngudi.

In TQM 4.0 model, quality data are collected automatically from different processes and integrated with ERP modules such
as the manufacturing execution system (MES) and the product life cycle management (PLM),...

Trong mé hinh TOM 4.0,diz li¢u chat heong dwgc thu thdp tw dong tir cdc quy trinh-khdc nhau va dwge tich hop trong cde
mé-dun ERP nhw hé thong thiee thi san xudt (MES) va quan ly vong ddi san phim (PLM),..

Smart Quality Assurance (Pam bio chit lwgng théng minh)

TQM 4.0 model will use Al software for predictive maintenance in advance and preventive intervention to avoid downtime
or system failure.

M6 hinh TOM 4.0 sé sir dung phdn mém tri tué nhén tao (Al) dé du dodn trude va can thi¢p phong ngira nhéam tranh thoi
gian chét hogc 16i hé théng

TQM 4.0 model will aid processes’ optimisation, improve efficiency and resources allocation by using sensors at each
production stage, and provide means to support quality activities that will minimise rework and scrape.

Mé hinh TOM 4.0 s& hé trg 161 wu hba quy trinh, cdi thién hi¢u qud va phén b3 nguén lc bing cdch si dung cdc cam bién
¢ mdi giai doan san xudt va cung cdp cdc phieong tién dé hé trg cdc hoat déng chdt lwomg gitip giam thiéu viéc lam lai va
phé phém.

In the TQM 4.0 model, big-data analysis will collect real-time data generated during production and transform it into
friendly useful information.

Trong mé hinh TOM 4.0, vigc phan tich dit liéu lém (big-data analysis) sé thu thép dit li¢u thoi gian thuc duge to ra trong
qud trinh san xudt, chuyén né thanh théng tin hiwu ich.

TQM 4.0 will be capable of making intelligent adjustments based on real-time data and maintain digital records.
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TQM 4.0 sé cung cap khd nang thic hién cdc diéu chinh théng minh dya trén dit liéu théi gian thwc va duy tri ho so s6
(digital records).

TQM 4.0 model will enhance machine learning (Machine Learning), machines will improve their performance using
collected and stored data.

M6 hinh TOM 4.0 sé tang cucmg hoc mdy (Machine Learning), mdy mdc sé cdi thién hiéu sudt cia ching béng cdch sir
dung dit liéu duge thu thdp va luu triz.

Smart product (Sin phim théng minh)

TQM 4.0 model will support making accurate early predict market demand and consumption trends and changes.
M6 hinh TOM 4.0 5& hé trg diwea ra die dodn sém chinh xdc vé nhu cdu thi truomg ciing nhu nhimg xu huimg va thay déi
tiéu ding.

In TQM 4.0 model, smart technologies can significantly assist companies in the identification and tracking of products.
Trong mé hinh TOM 4.0,cdc cong nghé théng minh c6 thé hé tro ddng ké cde cong ty trong viée xdc dinh va theo déi san
pham.

In TQM 4.0 model, RFID technologies and smart sensors on products and packaging be used to identify and trace products.
Trong mé hinh TQM 4.0, céng nghé RFID va cam bién théng minh trén san phdm va bao bi duoc sic dung dé nhan dién va
truy xudt nguon goc cdc san pham.

In TQM 4.0 model, industry 4.0 connectivity features will allow customers involvement in the production process rather
than only being the recipient of it.

Trong mé hinh TOM 4.0, cdc tinh ndng két ndi ciia nén cong nghiép 4.0 sé cho phép khdch hang tham gia vio qud trinh
san xudt thay vi chi la ngudi tiép nhén.

I1. General information section (Phan thong tin tong quan)

1. Please tell about your position:
Xin vui long cho biét vé vi tri anh/ chi dang lam viée:

EI Company/factory manager (Gidm déc cong ty/ nha may)
[[] Quatity manager (Truong/ phé phong chdt heong)
[[] QA or QC manager (Trwong/ phé phong QA/ OC)
I QA or QC supervisor (Gidm sat QA/ OC)

[] Quality staff/engineer (Nhdn vién cht lwong)
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[] Department manager (Trwéng/ phé phong )

[ Production manager (Trudmg/ phé phong san xudt)

[ Production suppervior (Gidm sdt san xudf)

[ Production staff/engineer (Nhdn vién san xudt)

[[] Academic specialists, researchers (Gidng vién, nghién ciru vién)
[[] Consultants (T vdn chdt lieong)

[ Assessors (Kiém dinh chat lugng)

2. How many years do you work in the field of production/quality management?

Xin vui long cho biét s6 ndm kinh nghiém cua anh/ chi trong linh viee quan tri san xuat/chat hegng?

[C] Under 5 years (Duwdi 5 ndm) [[]5-10 years (5-10 nim)
B4 11-15 years (11-15 nam) [[] 16-20 years (16-20 ném)
[] Above 20 years (Trén 20 ndm)

Thank you very much for your answer!
Xin chan thanh cam on si cong tde cia anh/chi!
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Appendix 3: Questionnaire of the AHP method (part 1).

Top management B S | 1 J‘ | | | Qualityulmre4.0

Top management \/ Skill 4.0

Top management \/ Smart organisation

Top management \/ :;;t:gx::‘r:gnstustainable

Top management v Automated document control
Top management Vv Automatic data collection
Top management \/ Smart Quality Control

Top management V Smart Quality Assurance
Top management v Smart product

Quality Culture 4.0 V Skill 4.0

Quality Culture 4.0 v Vv Smart organisation

Quality Culture 4.0 \/ :;;t:gr(;a:‘;g nstustainable
Quality Culture 4.0 V Automated document control
Quality Culture 4.0 \/ Automatic data collection
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Quality Culture 4.0 Smart Quality Control

Quality Culture 4.0 Smart Quality Assurance

Quality Culture 4.0 Smart product

Skill 4.0 \V4 Smart organisation

Skill 4.0 Integrating sustainable
development

Skill 4.0 Automated document control

Skill 4.0 Automatic data collection

Skill 4.0 \V4 Smart Quality Control

Skill 4.0 V4 Smart Quality Assurance

Skill 4.0 \V4 Smart product

Smart organisation Integrating sustainable
development

Smart organisation \V4 Automated document control

Smart organisation V4 Automatic data collection

Smart organisation Vv Smart Quality Control

Smart organisation v Smart Quality Assurance

Smart organisation Smart product
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Integrating sustainable

Automated document control

development

Integrating sustainable Automatic data collection
development

Integrating sustainable Smart Quality Control
development

Integrating sustainable Smart Quality Assurance
development

Integrating sustainable Smart product
development

Automated document control V4 Automatic data collection
Automated document control Smart Quality Control
Automated document control Smart Quality Assurance
Automated document control V4 Smart product

Automatic data collection $# Smart Quality Control
Automatic data collection 4 Smart Quality Assurance
Automatic data collection Smart product

Smart Quality Control Smart Quality Assurance
Smart Quality Control vV Smart product

Smart Quality Assurance Smart product
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Appendix 4: Questionnaire of the AHP method (part 2).

In 'omanagement'

Top managements v ${ Top managements involvement
commitment

Top managements \/ v Top managements provide
commitment resources

Top managements ; Y Top managements establish
commitment \/ policy, objectives and indicators
Top managements \/ Top managements provide
involvement resources

Top managements \/ Top managements establish
involvement policy, objectives and indicators

Top managements provide \/ Top managements establish
resources policy, objectives and indicators
In "Quality culture 4.0"

Quality-driven mindfulness \V/ Employees empowerment
Quality-driven mindfulness Individuals understanding of
\ their role in achieving quality
’ goals
Quality-driven mindfulness \/ Quality articulation
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Employees empowerment

| Individuals understanding of

their role in achieving quality
oals

Employees empowerment Quality articulation
Individuals understanding of Quality articulation
their role in achieving quality

| goals

In "Skil

14.0"

Skills related to analytics, Al,
CPS

Digital skills for quality staff

Skills related to analytics, Al, Digital communication skill
cPs V

Skills related to analytics, Al, Team creativity

CPS

Digital skills for quality staff \/ Digital communication skill
Digital skills for quality staff Team creativity

Digital communication skill Team creativity
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In "Smart organisation "

Top managements support \/ Lean structure organisation

initiatives

Top managements support \/ Collaboration all stakeholders

initiatives

Top managements support Adapitility in fast-changing

initiatives environment

Top managements support | Application online tools in

initiatives training, meetings, and work
management

Lean structure organisation v Collaboration all stakeholders

Lean structure organisation \/ Adapitility in fast-changing
environment

Lean structure organisation Application online tools in
training, meetings, and work
management

Collaboration all stakeholders

Adapitility in fast-changing
environment

Collaboration all stakeholders

Application online tools in
training, meetings, and work
management

Adapitility in fast-changing
environment

Application online tools in
training, meetings, and work
management
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In "lntg susulnnbledeveopment "

Link quality and sustainability \/ Corporations serving society

Link quality and sustainability Vv Operations in a more sustainable
way

Link quality and sustainability Integration of environmental
management systems

Corporations serving society Operations in a more sustainable
way

Corporations serving society \/ Integration of environmental
management systems

Operations in a more Integration of environmental

sustainable way \/ management systems

mated document control "

Integration of documentation Electronic documentation

into ERP modules

Integration of documentation \ A Real-time document control

into ERP modules

Integration of documentation Digital standard operating

into ERP modules procedures (SOPs)

Electronic documentation Real-time document control




Electronic documentation Digital standard operating
procedures (SOPs)

Real-time document control Digital standard operating
procedures (SOPs)

In "Automatic data collection "

Automatic collection of data Automatic collect many types of

throughout the product product-related data

lifecycle

Automatic collection of data Automatic collect many types of

throughout the product \/ customer-related data

lifecycle

Automatic collect many types \/ Automatic collect many types of

of product-related data customer-related data

In "Smart Quality Control "

Real-time quality inspection Total inspection

Real-time quality inspection V A new kind of SPC based on
machine learning

Real-time quality inspection Data integration with enterprise
resource planning

Total inspection \/ A new kind of SPC based on
machine learning
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Total inspection |

Data integration with enterprise _
resource planning
A new kind of SPC based on \/ Data integration with enterprise
machine learning resource planning
In "Smart Quality Assurance "
Using Al software for Using sensors at each
prediction and prevention production stage
Using Al software for Big-data analysis
prediction and prevention \/
Using Al software for S / Making intelligent adjustments
prediction and prevention
Using Al software for \/ Machine Learning enhancement
prediction and prevention
Using sensors at each / Big-data analysis
production stage \
Using sensors at each \/ Making intelligent adjustments
production stage
Using sensors at each Machine Learning enhancement
production stage
Big-data analysis Making intelligent adjustments
Big-data analysis \/ Machine Learning enhancement
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Making intelligent Machine Learning enhancement
adjustments

In" Smart product "
Predict market demand and Smart technologies for
consumption trends identification and traceability
Predict market demand and RFID technologies and smart
consumption trends sensors
Predict market demand and \/ Customers involvement in the
consumption trends production process
Smart technologies for vV RFID technologies and smart
identification and traceability Sensors
Smart technologies for Customers involvement in the
identification and traceability production process
RFID technologies and smart \// Customers involvement in the
Sensors production process
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Appendix 5: Questionnaire of the TQM 4.0 practices and Sustainable Excellence.

QUESTIONNAIRE

My name is Nguyen Thi Anh Van, a lecturer at HCMC University of Technology and Education. I am also a PhD student at Tomas Bata University
in Zlin, Czech Public. I am investigating on Total Quality Management model in the industry 4.0 context (TQM 4.0) and Sustainable Excellence
in manufacturing sector. I am looking forward to receiving your answer about TQM 4.0 practice in your organisation. I promise that the information
you provide will be kept confidential and only used for the research process. Thank you very much for your answer.
T6i la Nguyén Thi Anh Van, hién la gidng vién truong DH Su pham Ky thudt TP HCM. Hién t6i dang nghién cieu vé mé hinh quan tri chat leong
toan dién trong Cong nghiép 4.0 (goi tét la TOM 4.0) va sw xudt sdc bén vitng tai cac doanh nghiép san xudt. Rat mong s€ nhan dwgce sw tra loi
cua quy anh/ chj viéc thuee hi¢n TOM 4.0 trong doanh nghiép anh/chi. Téi cam két nhitng théng tin quy ank/ chi cung cap dwoc bao mdt, chi phuc
v cho qud trinh nghién civu. T6i rdt cam om si cong téc ciia anh/ chi.
1. Please provide some information about TQM practice in your organisation? Please tick (X) the box that is correct.
Hay cho biét mét sé thong tin vé ap dung TOM trong t6 chize ciia ban? Hay ddanh déu (X) vao 6 ding.
Your company has applied: (Cong ty cia ban da dp dung:)
[X] 1SO 9001 standard (Tiéu chudn ISO 9001)
(] 1SO 14001 standard (Tiéu chudn ISO 14001)
[[] Other quality management standards such as: ISO 22001, HACCP, GMP....
(Cdic tiéu chudn quén Iy chdt heong khde nhie: ISO 22001, HACCP, GMP,...)
IZQuality methods such as: Kaizen, or 6 sigma, or Benchmarking, or Lean,...
(Céc phuong phdp chat lwgng nhe: Kaizen, hodc 6 sigma, hodc Benchmarking, hodc Lean, ...)
<] Quality tools as: statistical process control (SPC), failure mode and effects analysis (FMEA),...
(Cdc cong cu cht hegng nhu: kiém sodt qud trinh théng ké (SPC), FMEA, ...)
] Quality control and assurance for productions
(Kiém sodt va dam bao chat lwgng trong qud trinh san xudt)

If your organisation does not apply any activities of total quality management, the survey ends here. If you choose any of the

options above, please continue the survey. Thank you very much.
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Néu cong ty anh/chi khéng dp dung bat ky hoat dong nao ciia quan Iy chat legng toén dién, cuge khdo sdt sé két thiic tai day.
Néu anh/chi chon bt kp tity chon nao & trén, vui long tiép tuc khdo sdt. Cam on anh/chj rdt nhiéu.

2. Please provide some information about application of Industry 4.0 tools into TQM practice in your organisation? Please tick
(X) the box that is correct. . ,

Anh/chi héy cho biét mét vai théong tin vé su dp dung cdc cong cu cua cong nghiép 4.0 vao hoat dpng TOM trong cong ty anh/chi? Xin
hay tich (X) vao 6 ma anh/chi thdy ding.

Your company has applied new technologies in production and quality management such as:
(Trong cong ty ank/chi ¢ dp dung cdc cong nghé mdi trong quén tri san xudt, chat lueong nhue: )
(] Cyber-Physical Systems (CPS), and Internet of Things (IoT)

fX] Automatic data collection (Thu thdp dit liéu t déng)
BX] Online tools in training, meetings, and work management (Cdc cong cu online trong dao tgo, hop, quan Iy cong viéc)

[[] Artificial Intelligence (AI) or Machine Learning (7ri tu¢ nhan tao hodic hoc may)
[[] Big-data analysis (Phdn tich dit liéu Iém)
BX] RFID technology and smart sensors (Céng nghé RFID va cim bién thing minh)
If your organisation does not apply any tools of industry 4.0 in production/quality management, the survey ends here. If you

choose any of the options above, please continue the survey. Thank you very much.

Néu cong ty ank/ chi khéng dp dung bat ky cong cu néo ciia cong nghiép 4.0 trong quan tri san xudt/ chdt lwgng thi cuge khao sdt dén
day két thiic. Néu anh/chi chon bat ky tity chon nao 6 trén thi xin mdi tiép tuc cuge khdo sdt. Cam om anh/chi rat nhiéu.

I- TQM 4.0 practices

The following statements relate to TQM 4.0 implementation of your company, please indicate your level of agreement (1= strongly disagree, 5=
strongly agree).
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fd‘:c Iéhat biéu sau day lién quan dén viéc dp dung TOM 4.0 ciia cong ty ban, vui long cho biét mirc d dong y ciia ban (1 = rdt khong dong y, 5 =
dong y).

Top management
In my organisation ... (Trong cong ty 16i)

1 | Top managements commit for TQM 4 0 development. 1(2(3|4
Cdec quan ly cdp cao cam két phdt trién TOM 4.0

2 | Top managements involve in TQM 4.0 development. 1(2|3|4
Cde quan Iy cdp cao tham gia phdt trién TOM 4.0

3 | Top managements prov:de resources for TQM 4.0 development. 1(2|3|4
Cdc quan Iy cdp cao cung cdp cdc nguédn lwc dé phat trién TOM 4.0

W Al |

4 | Top managements establish policy, strategic, objectives and indicators for | 1 |2 |3 | 4
TQM 4.0.

Cdc quan Iy cdp cao thiét Idp chinh sdch, chién luge, muc tiéu va cdc chi tiéu cho
TOM 4.0

Quality culture 4.0
In my organisation ... (trong céng ty t6i...)

1 | Employees are encouraged to be self-leaders and to actively solve problems | 1 [2 |3 |%] 5
instead of waiting for regular processes.

Nhdn vién dwge khuyén khich tw quan Iy va chi dong giGi quyét van d@é thay vi chér
dgi quy trinh thong thudng.

2 | Employees are empowered 1(2|13|4
Nhdén vién dwge trao quyén

3 | Employees understand their roles in achieving quahty goals 112(3 )(
Nhdn vién hiéu ré vai tré cia ho trong viée dat dwoe cdc muc tiéu chat luomg

4 | Quality goals and objectives are dehvered by using digital media 1(2|3|4
Cdc muc tiéu chat lwegmg duge truyén dat bing cdc phuwong tién ky thudt sé

Sé| o K

Skill 4.0
In my organisation .(Trong cong ty 16i...)

I | Quality staffs gain more knowledge and skills related to data analytics 1|2 'ﬁ 4|5
Nhdn vién chit hegng c6 thém cdc kién thicc va k ndng lién quan dén phan tich di
liéu.

2 | Quality staffs apply digital tools for telling data-driven stories. 1 [2[5[4]5
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Nhan vién chat lugmg dp dung cac cong cu ky thudt sé dé ké nhimg cdu chuyén dua
vao diz liéu.

Employees apply digital communication tools such as email, video calls, and
social networks.
Nhdan vién dp dung cdc céng cu giao tié'p ky thuat $6 nhie email, cugc goi video va
mang xd hoi.

Team creativity skill is emphasised in the design stage and QM activities.
Ky nang sang tao nhém dugc nhdn manh trong giai doan thiét ké va cde hoat
dong quan tri chdt heong

Smart organisation
In my organisation ...(Trong cong ty 16i...)

Top managements support initiatives and innovations.
Cédc nha quan Iy cdp cao hé tro cdc sdng kién cdc déi mdi.

Al-based systems are used to lean structures to bring operational efficiencies
and make decision making qu:ckcr

Cac hé thong duwa trén Al diege sie - dung dé tinh gon cdu tric nham mang lai
hiéu qua hoat dong va dwa ra quyét dinh nhanh hon.

TQM 4.0 tools improve the collaboration of all stakeholders
Cdc cong cu TOM 4.0 cai thién s hop tdc cua tat ca cdc bén lién quan

The ability for adaptmg into fast-changed environment is improved
Kha ndng thich ing véi méi trwomg thay doi nhanh dwoc cdi thién.

Online tools are promoted in training, meetings, and work management.
Cdc céng cu truc tuyén duge phat huy trong déo tao, hop va quan Iy cong viéc.

Integrating sustainable development
In my organisation ...(Trong cong ty t6i...)

TQM 4.0 and sustainability are linked.
TOM 4.0 va tinh bén vimg dwoe gén két véi nhau.

TQM 4.0 includes policies to serve society
TOM 4.0 bao gom cdc hoat déng nhiam phuc vu xd hoi

TQM 4.0 develops operatlons in a more sustainable way
TOM 4.0 phat trién cdc hoat déng theo hudmg bén vimg hom

TQM 4.0 integrates environmental management systems.
TOM 4.0 tich hop cdc hé thing quan Iy méi truéng.

RERE
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Technical factors

Automated document control
In my organisation ...(Trong céng ty 16i...)

1 | Quality management documentations are integrated into ERP modules and
automatic revision when products/processes change

Cdc tai li¢u quan ly chat hegng duge tich hop vao cdc mo-dun ERP va tw djng sira
déi khi san phdm / quy trinh thay doi

2 | Quality Management System uses electronic documentation
HE thong quan ly chdt leomg sir dung tai liéu dién tir

3 | Work mstrucztxons are automated and controlled in real-time.
Cdc hudmg dan cong vigc duoc tu dong héa va kiém sodt theo théi gian thue.

4 | Digital standard operating procedures (SOPs) are provided
Cdc quy trinh v@n hanh tiéu chudn ky thudt sé (sops s6) dugc cung cdp

W

Automatic data collection
In my organisation ...(Trong cong ty t6i...)

I | We collect data automatically throughout the product lifecycle using Cyber-
Physical Systems, sensors, and [oT.

Chung 16i thu thap dit li¢u te dong trong subt vong doi san pkam bdng Hé lh(fng thuc
té do, cam bién va IoT.

2 | We collect automatically many types of product-related data
Chiing 16i tw dpng thu thdp nhiéu loai dit li¢u lién quan dén san phdm

3 | We collect automatically customer-related data such as product requirements,
complaints and satisfaction levels

Chiing t6i tw dpng thu thap dit ligu lién quan dén khdch hang nhu yéu cdu san pham,
khiéu nai va mirc d6 hai long.

Smart quality control
In my organisation ... (trong cong ty 16i...)

1 | TQM 4.0 allows real-time quality inspection.
TOM 4.0 cho phép kiém tra chét luomg theo thoi gian thue

2 | TQM 4.0 allows total inspection instead of sample inspection.
TOM 4.0 cho phép kiém tra chdt hegmg san phim téng thé thay vi kiém tra rit mau

3 | A new kind of SPC [statistical process control] based on machine learning
predicts all kinds of defects during machining and gives feedback.
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SPC (kiém sodt qud trinh bang thong ké) diea trén hoc mdy (machine learning) dé di
dodn tat ca cde logi 16i trong qud trinh gia céng va dua ra phan hoi,

Quality data is automatically collected from different processes and integrated
with ERP modules

Diz liéu chat legmg dwge thu thdp te dgng tie cdc quy trinh khdc nhau va dwge tich
hop trong cdc mé-dun ERP.

Smart quality assurance
In my organisation ...(trong céng ty téi...)

TQM 4.0 model uses Al software for predictive maintenance in advance and
preventive intervention to avoid downtime or system failure.

TOM 4.0 sit dung phdn mém tri tué nhén tao (Al) dé di dodn truée va can thiép
phong ngira nhdam trénh théi gian chét hodc 16i hé thong

We use sensors at each production stage to aid process optimisation, improve
efficiency and resource allocation.

Chiing 16i sic dung cdc cam bién ¢ plgi giai dogn san xudt dé hé tro i wu héa quy
trinh, cdi thién hiéu qua va phdn bé nguon lyc.

We use big-data analysis to collect real-time production data and transform it
into useful information. )

Chiing t6i sir dung phan tich di li¢u lom dé thu thdp dit li¢u san xudt theo théi gian
thiee va chuyén né thanh théng tin hitu ich.

We can make intelligent adjustments based on real-time data and maintain
digital records.

Chiing t6i ¢6 kha nang thye hién cdc diéu chinh thong minh dwa trén di liéu thoi
gian thiee va duy tri ho so 56 (digital records).

We use Machine Learning to improve machine performance using collected
and stored data.

Chiing t6i sie dung hoc may (Machine Learning) dé cai thign hi¢u sudt mdy méc bing
cdch sir dung dir liéu dwoe thu thép va heu triv.

Smart product
In my organisation ...(Trong céng ty téi...)

We make accurate predictions of market demand and consumption trends and
changes.

Chiing t6i dwa ra du dodn sém chinh xdc vé nhu cdu thi trudmg ciing nhu nhimg xu
hwdng thay déi tiéu dimg.
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2 | We use smart technologies to assist in identifying and tracking products. 1 12|34 ‘{ﬁ
Chiing t6i sit dung cong nghé thong minh dé hé r trong viée xdc dinh v theo doi
sdn phdm.

3 | We use RFID technologies and smart sensors on products and packagingto | 1 [2 |3 | 4 "]
identify and trace products.

Chiing t6i sir dung céng nghé RFID va cam bién théng minh trén san phdam va bao
bi dé nhdn dién va truy xudt nguén gic cdc san phdm.

4 | We allow customers to be involved in the production process ratherthanonly | 1 |2 |3 | 4 ;ﬂ
recipients.

Chuing téi cho phép khdch hang tham gia vao qud trinh sdn xudt thay vi chi ngudi
nhdn.

IL. Digital Transformation (Chuyén ddi so)

The following statements relate to Digital Transformation of your company, please indicate your level of agreement. (1= strongly disagree, 5=
strongly agree) o .
Ciic phat biéu sau ddy lién quan dén Chuyén doi s6 ciia cong ty anh/chi, vui long cho biét mire di dong y ciia anh/chi (1 = hoan toan khong déng
¥, § = hoan todn dong ¥)

Digital Transformation
In my organisation ...(Trong cdng ty 16i...) )
1 | We aim to digitise anything that can be digitalised. 1[(2(3]45
Chiing 16i déit muc tiéu s6 héa bt cir thir gi ¢6 thé dwge 56 héa.
2 | We collect big quantities of data from many sources. 12345

Chiing t6i thu thdp mgt hegmg lém dit ligu tie nhiéu nguén

3 | We aim to establish more robust digital networking between the various | 1 |2 |3 4| 5
business processes.
Chiing 16 diit muc tiéu thiét Igp mang ki thugt s6 manh mé hom giita cdc quy trinh

kinh doanh,
4 | We aim to use digital technology to improve client interface efficiency. 12|34
Chiing t6i hucmg tdi vige sir dung cong nghé kv thudt s6 @é cai thign hiéu qua giao
dign khdch hang. )
5 | We aim to achieve information exchange through digitalisation. 1[2]3[4]5

Chiing 16i mong mudn dat dwpe s trao déi thing tin thing gua sé héa.
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I11. Digital Leadership

The following statements relate to Digital Leadership of your company, please indicate your level of agreement. (1= strongly disagree, 5=
strongly agree)

Cac phat biéu sau ddy lién quan dén K9 ndng lanh dao sé ctia cong ry anh/chi, vui long cho bxel miec d¢ dong y ciia anh/ch1 (1 = hoan toan khong
dong y, 5 = hoan toan dong y)

Digital Leadership
In my organisation ...(Trong cong ty 16i...)

1 | Our leaders motivate all members with the organisation's digital | 1 |2 |3 x 5
transformation plans.

Cdc nha ldnh dao ciia ching 16i thic ddy tdt ca cée thanh vién béng cde ké hoach

chuyén déi kj thugt sé cua t6 chike.

2 | Our leaders give a clear vision of digital transformation for employees to | 1 | 2 >§: 4|5
follow.

Cde nha lanh dao ciia chiing t6i dwa ra tam nhin rd rang vé chuyén déi ky thudt sé
dé nhan vién lam theo.

3 | Our leaders inspire team members to collaborate towards the same digital | 1 | 2 4|5
transformation objectives.

Cdc nha lanh dao ciia ching téi truyén cam himg cho cdc thanh vién trong nhém hop
tdc hedmg 16i ciing mot muc tiéu chuyén doi ky thudt sé.

4 | Our leaders consider the digital transformation beliefs of all members when | 1 |2 |3 | %] 5
making decisions.

Cdc nha lanh dao cia ching t6i xem xét niém tin chuyén d6i ky thugt sé cua tat ca
cdc thanh vién khi dwa ra quyé'l dinh.

5 | Our leaders encourage all members to consider ideas for digital | 1 |2 ‘5( 4|5
transformation.

Cdc nha lanh dao cuia ching t6i khuyén khich tat ca cdc thanh vién xem xét cde y
twomg dé chuyén déi ky thudt sé.
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1V. Sustainable Excellence

The following statements relate to Sustainable Excellence of your company, please indicate your level of agreement. (1= strongly disagree,

5= strongly agree)

Clc phdt biéu sau ddy lién quan dén Sie xudt sdc bén vitng ciia cong ty anh/chi, vui long cho biét mire dp d&ng ¥ cua anh/chi (1 = hodn toan khon
dong ¥, 5 = hodn toén déng ¥)

Environmental performance (EP)

For the last four years (excluding the period of Covid 19), in my
organisation....

Trong bon nim qua (khéng ké giai doan Covid 19), frong cong ty t6i....

1 | Air emissions has been reduced 1 (2(3]4
Luomg khi thai gicm

2 | Wastewater has been reduced 112134
Liegrng muedre thai gidam

3 | Solid waste has been reduced 1121314
Chdit thai rin giam
4 | Consumption of hazardous/harmful materials has been reduced 112(314
Sir tiéu thu cdc nguyén vt liéu nguy hiém, c¢é hai giam.
5 | Environmental issues have been improved 11234
Cde vdn dé méi trieomg duwoe cdi thién

| a] ] sh]

Operational performance (OF)

For the last four years (excluding the period of Covid 19), in my
organisation....

Trong bon ndm qua (khing ké giai doan Covid 19), trong cdng ty (6i....

|| Production cost has been reduced 1 [X[3]4(s
Chi phi san xudt gigm
2 | Labour productivity has been increased 1(2(3(4 :ir
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Ndng sudt lao dong tang

Product performance (sales volume /revenues) has been increased
Hiéu sudt san pham (khoi lugng bdn hang /doanh thu) téng.

Social performance (SP)

For the last four years (excluding the period of Covid 19), in my
organisation.... )

Trong bon ndm qua (khong ke giai doan Covid 19), trong céng ty 16i....

In general, our employees are satisfied with their job 3|4
Nhin chung, nhén vién cua ching t6i hai long véi cong viée ciia ho

The amount of stress at work has been decreased 3(4
Mikc dp cdng thing trong cong viéc giam

Health and safety incidents have been decreased | 4
Cadc su cé vé sicc khoe va an toan giam

Injuries and lost days related to injuries have been decreased 3 r)(

S6 ngay bi thiwcong va sé ngay mat vige lién quan dén chan thwong giam

Innovation performance (IP)

For the last four years (excluding the period of Covid 19), in my
organisation.... )

Trong bon ndm qua (khéng ké giai doan Covid 19), trong cong ty 16i....

New products/services have been added new features
San phédm / dich vu mdi da dwge bo sung cde tinh ndng méi

B4

Many new products/services have been introduced
Nhiéu san phtfm / dich vu mai da dwgc gidi thi¢u

pad

New technology has been adopted early
Cdng ty t6i dp dung cong nghé madi som.

Business model innovation has been applied for adapting into agile
environment

Doi mdi mé hinh kinh doanh da dwgc dp dung dé thich iing voi méi treomg
thay déi nhanh chéng.
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V- General information section (Phdn thing tin tong quan)

4. Please tell about the field of the company that you are working for:
Xin vui long cho biét vé linh viec hoat dong cia céng ty ma anh/ chi dang lam viée:

fX] Computer, electronic and optical products, electrical equipment (San phdm mdy tinh, dign tir va quang hoc, cdc thiét bj dién)

[] Paper and paper products (Gidy va cdc san phém tie gidy)

[[] Textile and leather products (Sdn phdm dét da may mdc)

[] Chemicals and chemical products (Hda chdt va sén phim héa chdr)

| Wood products (San phdm gé)

[_] Metal products, basic metals and fabricated metal products (San phdm kim logi, Kim logi co bén va ede san phdm kim loai ché tao)

[[] Food and foodstuff (Liromg thue va thuc phdm)

[[] Beverages and tobacco (D udng va thude 1)

[] Motor vehicles, trailers and semi-trailers, other transport equipment (Xe co gidi, ro mode va so mi ro modc, cdc thiét bi van tai khdc)
[[] Rubber and plastic products (San phdm cao su vé nhia
[[] Medicinal and pharmaceutical products (Céc sin phim thudc vé diege phdm)
[] Coke and refined petroleum (Than cde vé ddu mo tinh ché)

[[] Others (Khdc)

5. Please tell about your position:

Xin vui long cho biét vé vi tri anh/ chi dang lam vigc:
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[[] Company Director/ Vice-Director ] Company/factory manager
[[] Quality/Production manager [X] Quality/Production supervior
[] Purchasing/ procurement manager [] Logistics/Distribution manager

6. How many years do you work in manufacturing enterprises?

[C] Under 5 years X 5-10 years
[J 11-15 years [] 16-20 years
[] Above 20 years

Thank you very much for your answer!
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