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In the competitive market of manufacturing, quality is a criterion of primary importance in
order to win market share. Quality improvement must be coupled with performance point
of view. Lean Manufacturing, Six Sigma, Lean Six Sigma, Total Quality Management,
Theory of Constraints, and their combination are philosophies dedicated to this goal.
This study is a literature review on the implementation of these philosophies to improve
quality of processes and products in a system, and also covers the commonalities and
differences with Zero Defect Manufacturing (ZDM) philosophy. In this study, 45 articles
have been analyzed. These articles have been selected by a research on several scientific
libraries with specific keywords. The methodology is based on a list of information
extracted from each paper. The data searched are on the tool selections, critical factors of
implementations and the benefits obtained from them. Based on the review and analysis
of the literature and practices, we provide the top 10 main components of the tools
used for quality improvement, enabling factors, benefits, and barriers to implementation.
Moreover, we present and discuss categorization of quality improvement methods and
the way toward ZDM. The need of standardized toolkits for different levels of maturity
in quality management systems and a better education have been enlightened. Thanks
to technological improvement in information flow management, ZDM seems close to
be achieved even though some new risks and wastes have to be taken care of within
the implementation.
Keywords: quality improvement philosophies, zero defect manufacturing, lean, six sigma, theory of constraints,
total quality management, state of the art, review

INTRODUCTION
“If people were all the same we would not need to make so many kinds of printers, but
people are different” (Yamashina, 1995). In the context of this globalized, ultra-connected world,
benchmarking leads to a large number of competitive solutions to answer a need (Martins et al.,
2015; Gillen, 2017). For a company, increasing and even keeping its market share is tougher than
ever. One of the main factors that drives a product’s commercial success is its quality (Wilson et al.,
2016). The willingness to live of an organization then depends on strongly feeding research on
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quality in order to provide to the customers a product that
satisfies the most of their needs and even sublimates them.
Nevertheless, a need is not defined in a fixed manner. It
evolves and so does the manufacturing to produce the items.
This evolution has organizations permanently questioning the
quality of their products and processes, and binds them into
a continuous improvement (CI) initiative to stay competitive
(Singh and Singh, 2012; Kumar et al., 2018).
CI is done using Quality Management Systems (QMS)
which rely on philosophies such as Lean Manufacturing (LM),
Six Sigma (SS), Theory of Constraints (TOC), Total Quality
Management (TQM), and Lean Six Sigma (L6S) (Hutchins,
2016). These philosophies are implemented through a large
number of tools. The QMS efficiency may vary depending
on some factors which can lead to failure of implementation
(Nanda, 2005). It is important to understand these reasons in
order to learn from the past and evolve positively (Cannon and
Edmondson, 2005). Concerning quality improvement principles,
several literature reviews have already been done in the past.
Some new implementations are done every day and change
is permanent (Rothwell et al., 2015). Moreover, thanks to
technology improvement, Zero Defect Manufacturing (ZDM)
is a philosophy for which the implementation is closer than
ever (Eleftheriadis and Myklebust, 2016). This justifies a
literature review of LM, SS, L6S, TOC, and TQM. The purpose
of this review is to analyze the quality improvement tools
used in manufacturing, the critical factors and benefits of
implementation of these philosophies, and to investigate how
they are related to ZDM. In addition to that, critical success
and failure factors, and benefits of the five quality improvement
philosophies, have been identified and ranked in order to get a
better understanding of their impact.
The structure of the paper is as follows: section Research
Method describes the methodology of the research, and section
Previous Literature analyses the previous literature. Section 4
presents the results of the review by providing the Critical
Success Factors (CSF), Critical Failure Factors (CFF), benefits,
and analysis of quality improvement tools. Next, section
Review of Results highlights the need for standardization
and categorization of quality improvement tools, along with
discussions on CSF, CFF, and benefits illustrating the evolution
toward ZDM. Finally, section Discussion ends the paper by
highlighting the main findings and outcomes of the study. For
the ease of the reader a list with all the abbreviations used in the
paper are summarized in Table 1.

TABLE 1 | Abbreviation list.
Description

5S

Sort, Set In order, Shine, Standardize and Sustain

CFF

Critical Failure Factors

CI

Continuous Improvement

CSF

Critical Success Factors

DMAIC

Define, Measure, Analyse, Improve, and Control

FMEA

Failure Mode and Effects Analysis

JIT

Just in Time

L6S

Lean Six Sigma

LM

Lean Manufacturing

QMS

Quality Management Systems

SME

Small Medium Enterprises

SPC

Statistical Process Control

SS

Six Sigma

TOC

Theory of Constrains

TPM

Total Productive Maintenance

TQM

Total Quality Management

VSM

Value Stream Mapping

ZDM

Zero Defect Manufacturing

management)) OR (ToC OR (Theory of constrains))) AND
(review OR (State of the art) OR (literature review)) AND
(manufacturing OR production)).
This query was used in different scientific databases; more
specifically, the search was done in Engineering Village
(Compendex and Inspec), Scopus, Web of Science, and Science
Direct. In total, 383 articles were found, after removing the
duplicates. The next step was to filter them based on the relevance
and if the full article was available. After this filtering, 45 articles
have been selected to conduct the analysis.
The acronyms LM, SS, L6S, TOC and TQM stand for:
• LM: Lean Manufacturing is a philosophy oriented toward
waste reduction. Seven wastes have been identified:
overproduction or asynchrony (producing too much or
in an inadequate timing), inventory (store raw material, work
in process, and finished products), motion (unnecessary body
movement), defectiveness (non-conforming product),
transportation (unnecessary movement of product),
overprocessing (processing beyond customer expectations),
and waiting (time spent before next activity) (Chiarini, 2013).
• SS: Six Sigma is a statistical philosophy oriented to product
or process variability reduction. The desired result is
defined depending on the customer need and its vision
of defect in order to ensure the customer satisfaction
(Linderman et al., 2003).
• L6S: Lean Six Sigma is a combination of LM and SS. The idea
is that SS focuses well on quality while LM focuses on the
speeding process. Their combination helps to reach a state of
statistical control and operational improvements (Atmaca and
Girenes, 2011).

RESEARCH METHOD
The purpose of this paper is to do a systematic review of the
quality improvement tools used in the manufacturing domain.
In order to acquire a representing sample of papers, the
following steps have been followed. The first step was to create
a search query for conducting the search. The query used can be
seen below.
• TITLE(((Lean) OR (Six sigma OR 6S OR SS) OR ((Lean
six sigma) OR LSS OR L6S) OR (TQM OR (total quality
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• TOC: Theory of Constraints is a philosophy is based on
the idea that a manufacturing system is constrained. Its
quality can be measured by throughput, inventory, and
operational expenses. The goal is to maximize throughput
while decreasing the inventory and operational expenses.
This is done by identifying the constraints, deciding how
to exploit them, aligning the system on the exploitation
decision, elevating the system’s constraints, and by iterating,
if during the process, one of the constraints has been broken
(Goldratt, 2020).
• TQM: Total Quality Management is a philosophy focused on
the organization’s culture of quality. It is mainly a mindset
that everyone in an organization must be dedicated to give its
best in order to provide high standards quality on the result of
activities done. The goal is to reduce errors, improve customer
and employee experience (Martínez-Lorente et al., 1998).

and if it is studied combined with other philosophies. Only
one paper (Kedar et al., 2008) studied a combination of the
five philosophies. Seven papers (Arnheiter and Maleyeff,
2005; Bendell, 2006; Kasemset, 2011; Alhuraish et al., 2015;
Pacheco et al., 2015; Costa et al., 2018; Stankalla et al., 2018;
Makwana and Patange, 2019) have focused on a combination
of two philosophies and the rest has concentrated the effort
on one main one. Figure 1 illustrates the distribution by year
of the analyzed review articles. The results show that there is
an increasing trend after 2014 for review articles regarding
the five philosophies. Further to that, Figure 1 shows the
corresponding percentage of each philosophy; the highest
percentage corresponds to SS (30.19%), and then the LM and
L6S follow with 24.53 and 26.42%, respectively. The philosophy
with the least number of review papers is the TOC, mostly
because it has already been proved to be inefficient to solve
multi-constraints problems (Rahman, 1998; Ikeziri et al., 2019).
While Figure 1 shows that there is a higher interest for the
studying philosophies the past 6 years, the results does not
capture in detail the trends, because the articles used for Figure 1
were review papers. In this regard, the references of those 45
analyzed papers were considered and classified based on their
year. In total, the 45 analyzed papers had 4,125 references that
they were considering. The results from the year analysis of
those 4,125 articles are shown in Figure 2. The period that those
references were covering was from 1970 to 2019. From 1970 to
2004, all the philosophies show an increasing trend, with the

PREVIOUS LITERATURE
The selected articles are literature review articles. As
manufacturing and quality management evolve over time,
the findings and conclusions of literature reviews may differ
depending on when the review had been carried out. Therefore,
it is important to take the time to analyze this evolution by
reviewing these previous works. They have been categorized
depending on the quality philosophy they focus on. The
classification takes into account the main philosophy studied

FIGURE 1 | Distribution of the philosophy focus regarding the literature.
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FIGURE 2 | Distribution of the references mentioned in the reviewed papers through time.

philosophies. For these three categories, the top 10 are listed
in Tables 2–4. The ranking has been established depending on
the number of different articles citing the notion. The more a
notion is mentioned, the higher the ranking is. For example, in
Table 2 for the CSF “Trained workers on the philosophies of quality
improvement,” there are nine different articles mentioning it. Its
weight is then of 9. This is more than “A good identification
and prioritization of improvements to do” with a weight of 8
and less than “A visible Top Management commitment” with
11. Therefore, they are ranked in the order as second, third,
and fourth CSF. In this analysis, the three studied notions are
defined as:

most popular being the SS approach, followed by LM. After
2004 there is a decreasing trend, and also SS stops being the top
category; its place is taken by L6Sm followed by LM. TOC and
TQM have the smallest percentages, but they show similar trend
as the leading philosophes; they have an increasing trend until
1999, and afterwards, they decrease to a point that becoming
significantly less than the other three methods. Lately, the main
focus of the research done is to understand which tool can be
used for which purpose and how to standardize them. On one
hand, TQM is more a philosophy and a mindset to spread in the
organization than a toolbox, and hence, less studies investigate
this topic. On the other hand, the philosophies LM, SS, and their
more recent combination, L6S, have seen their toolbox being
more and more furnished thanks to technology, for example
(Gladysz and Buczacki, 2018).
Finally, the decreasing trend on the last year is also due to
some inertia. Indeed, the time data presented in Figure 2 presents
the range of publication years of the references of the 45 reviewed
papers analyzed. Therefore, inevitably there is a delay between
the publication year of an article and its use in other articles, but
it captures the current trend.

• CSF, as a strong cause that has helped in previous successful
implementations of quality improvement philosophy.
• CFF, as a strong cause that has hampered successful
implementations of quality improvement philosophy.
• Benefit, as a positive consequence from successful
implementations of quality improvement philosophy.

Enabling Factors and Benefits
Based on the review and analysis of the literature and practices,
the enabling factors for quality improvement in the form of Top
10 CSFs are presented below:

REVIEW OF RESULTS
This section deals with an analysis of the current philosophies
(LM, SS, L6S, TOC, and TQM) used for quality improvement
management. Of the 45 articles reviewed, CSF, CFF, and benefits
have been pulled out in order to get an understanding for some
causes in the success of an implementation of the different
Frontiers in Computer Science | www.frontiersin.org

• Use of proper communication to avoid misunderstanding:
As explained in the first point, strategies of quality
improvement are defined by the top management.
Afterwards, the message is carried by intermediates across the
4
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TABLE 2 | Top 10 of CSF identified in the articles reviewed.
1

2

3

4

5

6

7

8

9

10

CSF

Use of a proper communication to avoid misunderstanding

LM

(Gupta and Jain, 2013; Bhamu and Singh Sangwan, 2014; Sundar et al., 2014; Yusup et al., 2015)

SS

(Oke, 2007; Kumar and Antony, 2008; Gamal Aboelmaged, 2010; Stankalla et al., 2018)

L6S

(Lande et al., 2016; Antony et al., 2017; Muraliraj et al., 2018; Ruben et al., 2018; Stankalla et al., 2018)

CSF

Visible management commitment

LM

(Costa et al., 2018)

SS

(Oke, 2007; Kumar and Antony, 2008; Gamal Aboelmaged, 2010; Tjahjono et al., 2010; Costa et al., 2018; Stankalla et al., 2018)

L6S

(Lande et al., 2016; Antony et al., 2017; Muraliraj et al., 2018; Ruben et al., 2018; Stankalla et al., 2018)

TQM

(Al-Khalili and Subari, 2014)

CSF

Trained workers on the philosophies of quality improvement

LM

(Gupta and Jain, 2013; Bhamu and Singh Sangwan, 2014; Sundar et al., 2014; Costa et al., 2018)

SS

(Oke, 2007; Kumar and Antony, 2008; Gamal Aboelmaged, 2010; Costa et al., 2018; Stankalla et al., 2018)

L6S

(Lande et al., 2016; Muraliraj et al., 2018; Ruben et al., 2018; Stankalla et al., 2018)

CSF

Good identification and prioritization of improvements

LM

(Alhuraish et al., 2015)

SS

(Kumar and Antony, 2008; Gamal Aboelmaged, 2010; Alhuraish et al., 2015; Alcaide-Muñoz and Gutierrez-Gutierrez, 2017; Stankalla et al., 2018)

L6S

(Lande et al., 2016; Alsaffar and Ketan, 2018; Muraliraj et al., 2018; Stankalla et al., 2018)

TOC

(Kirche and Srivastava, 2005)

CSF

Strong link between philosophy, business strategy, and customer satisfaction

SS

(Kumar and Antony, 2008; Gamal Aboelmaged, 2010; Tjahjono et al., 2010; Stankalla et al., 2018)

L6S

(Lande et al., 2016; Antony et al., 2017; Muraliraj et al., 2018; Ruben et al., 2018; Stankalla et al., 2018)

CSF

Good understanding of tool choice depending on the goal

LM

(Gupta and Jain, 2013)

SS

(Tjahjono et al., 2010; Stankalla et al., 2018)

L6S

(Ruben et al., 2018; Stankalla et al., 2018)

TOC

(Kasemset, 2011)

TQM

(Al-Khalili and Subari, 2014)

CSF

Use of precise quantification tools

LM

(Bendell, 2006; Alhuraish et al., 2015; Pacheco et al., 2015)

SS

(Bendell, 2006; Gamal Aboelmaged, 2010; Alhuraish et al., 2015; Pacheco et al., 2015; Alcaide-Muñoz and Gutierrez-Gutierrez, 2017)

L6S

(Lande et al., 2016)

CSF

Linking QMS to the global supply chain

LM

(Bhamu and Singh Sangwan, 2014)

SS

(Kumar and Antony, 2008; Tjahjono et al., 2010; Stankalla et al., 2018)

L6S

(Lande et al., 2016; Muraliraj et al., 2018; Stankalla et al., 2018)

CSF

Systemic approach to improve by iterations

LM

(Bhamu and Singh Sangwan, 2014; Sundar et al., 2014)

TOC

(Rahman, 1998; Kasemset, 2011; Ikeziri et al., 2019)

CSF

Strong involvement of employees

LM

(Bhamu and Singh Sangwan, 2014; Sundar et al., 2014)

SS

(Kumar and Antony, 2008)

L6S

(Lande et al., 2016; Ruben et al., 2018)

organization. Proper communication helps to avoid distortion
of the message or even distortion of the need.
• Visible management commitment: Quality strategies are
determined by the top management of the organization.
These guidelines have to be broadcast across the whole
structure up to the shop floor. The more intermediates (like
managers) are used to carry the message—the more distant the
decision makers seem, the less concerned the employees may

Frontiers in Computer Science | www.frontiersin.org

be. Therefore, top management must shorten this distance
by being committed to these guidelines and showing the
employees they care about it.
• Trained actors on the philosophies of quality improvement:
Trained workers are used to implement new systems. They
understand well the causes and consequences of choices in
terms of impact on the system, the products, the employees,
and more, in order to do their best to succeed.
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TABLE 3 | Top 10 benefits (BFT) identified in the articles reviewed.
1

2

3

4

5

6

7

8

9

10

BFT

Cost reduction

LM

(Bendell, 2006; Gupta and Jain, 2013; Nithia et al., 2015; Pacheco et al., 2015; Costa et al., 2018; Ismail et al., 2019)

SS

(Bendell, 2006; Oke, 2007; Kumar and Antony, 2008; Gamal Aboelmaged, 2010; Pacheco et al., 2015; Costa et al., 2018; Patel and Desai, 2018)

L6S

(Alsmadi and Khan, 2010; Antony et al., 2017; Alexander et al., 2019; Siregar et al., 2019)

TOC

(Kasemset, 2011)

BFT

Lead-time reduction

LM

(Gupta and Jain, 2013; Bhamu and Singh Sangwan, 2014; Pinho and Mendes, 2017; Costa et al., 2018; Gladysz and Buczacki, 2018)

SS

(Oke, 2007; Kumar and Antony, 2008; Costa et al., 2018; Patel and Desai, 2018)

L6S

(Alsmadi and Khan, 2010; Antony et al., 2017; Alexander et al., 2019)

TOC

(Rahman, 1998; Ikeziri et al., 2019)

TQM

(Nandurkar et al., 2014)

BFT

Quality improvement

LM

(Gupta and Jain, 2013; Bhamu and Singh Sangwan, 2014; Yusup et al., 2015; Pinho and Mendes, 2017; Costa et al., 2018; Ismail et al., 2019)

SS

(Oke, 2007; Gamal Aboelmaged, 2010; Alcaide-Muñoz and Gutierrez-Gutierrez, 2017; Costa et al., 2018)

L6S

(Albliwi et al., 2015; Antony et al., 2017; Alexander et al., 2019; Siregar et al., 2019)

BFT

Inventory reduction

LM

(Gupta and Jain, 2013; Sundar et al., 2014; Pinho and Mendes, 2017; Gladysz and Buczacki, 2018)

SS

(Oke, 2007; Gamal Aboelmaged, 2010)

L6S

(Alsmadi and Khan, 2010; Albliwi et al., 2015; Antony et al., 2017; Siregar et al., 2019)

TOC

(Rahman, 1998; Ikeziri et al., 2019)

TQM

(Nandurkar et al., 2014)

BFT

Cycle time reduction

LM

(Gupta and Jain, 2013; Bhamu and Singh Sangwan, 2014; Nithia et al., 2015; Yusup et al., 2015)

SS

(Oke, 2007; Kumar and Antony, 2008; Gamal Aboelmaged, 2010)

L6S

(Albliwi et al., 2015; Antony et al., 2017; Alsaffar and Ketan, 2018; Siregar et al., 2019)

BFT

Increased production

LM

(Gupta and Jain, 2013; Bhamu and Singh Sangwan, 2014; Costa et al., 2018)

SS

(Oke, 2007; Kumar and Antony, 2008; Gamal Aboelmaged, 2010; Costa et al., 2018)

L6S

(Alsmadi and Khan, 2010; Albliwi et al., 2015; Alsaffar and Ketan, 2018; Alexander et al., 2019; Siregar et al., 2019)

TQM

(Nandurkar et al., 2014)

BFT

Increased customer satisfaction

LM

(Bendell, 2006; Kedar et al., 2008; Bhamu and Singh Sangwan, 2014)

SS

(Bendell, 2006; Kedar et al., 2008; Gamal Aboelmaged, 2010; Patel and Desai, 2018)

L6S

(Albliwi et al., 2015; Antony et al., 2017; Siregar et al., 2019)

TQM

(Al-Khalili and Subari, 2014)

BFT

Reduction of variability in quality

LM

(Kedar et al., 2008; Bhamu and Singh Sangwan, 2014; Sundar et al., 2014; Alhuraish et al., 2015)

SS

(Kedar et al., 2008; Gamal Aboelmaged, 2010; Alhuraish et al., 2015; Alcaide-Muñoz and Gutierrez-Gutierrez, 2017)

L6S

(Kedar et al., 2008; Alsmadi and Khan, 2010; Albliwi et al., 2015; Siregar et al., 2019)

BFT

Employee morale improvement

LM

(Gupta and Jain, 2013; Sundar et al., 2014; Pacheco et al., 2015; Pinho and Mendes, 2017)

SS

(Kumar and Antony, 2008; Pacheco et al., 2015)

L6S

(Alsaffar and Ketan, 2018; Alexander et al., 2019; Siregar et al., 2019)

BFT

On-time delivery increase

LM

(Bhamu and Singh Sangwan, 2014; Pacheco et al., 2015; Pinho and Mendes, 2017; Ismail et al., 2019)

SS

(Oke, 2007; Gamal Aboelmaged, 2010; Pacheco et al., 2015; Patel and Desai, 2018)

TOC

(Rahman, 1998; Ikeziri et al., 2019)

• Good identification and prioritization of improvements: An
organization may have several domains of improvement. First
of all, it is important to identify all opportunities. This is
of primary importance, as some improvements might have

Frontiers in Computer Science | www.frontiersin.org

precedence over another. Moreover, some improvements are
more critical than others. Therefore, one must be able to
identify the full list of improvements and determine the right
timing for each one to be done.
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TABLE 4 | Top 10 of CFF identified in the articles reviewed.
1

2

3

4

5

6

7

8

9

10

CFF

Lack of implementation experience and training for actors

LM

(Arnheiter and Maleyeff, 2005; Gupta and Jain, 2013; Bhamu and Singh Sangwan, 2014; Sundar et al., 2014; Nithia et al., 2015; Yusup et al.,
2015; Pinho and Mendes, 2017; Costa et al., 2018)

SS

(Arnheiter and Maleyeff, 2005; Oke, 2007; Kumar and Antony, 2008; Van Iwaarden et al., 2008; Tjahjono et al., 2010; Costa et al., 2018)

L6S

(Albliwi et al., 2015; Antony et al., 2017; Muraliraj et al., 2018; Ruben et al., 2018; Alexander et al., 2019; Siregar et al., 2019)

TQM

(Al-Khalili and Subari, 2014; Dedy et al., 2016)

CFF

Lack of top management commitment

LM

(Gupta and Jain, 2013; Bhamu and Singh Sangwan, 2014; Alhuraish et al., 2015; Nithia et al., 2015)

SS

(Kumar and Antony, 2008; Van Iwaarden et al., 2008; Tjahjono et al., 2010; Alhuraish et al., 2015)

L6S

(Alsmadi and Khan, 2010; Albliwi et al., 2015; Muraliraj et al., 2018; Ruben et al., 2018; Alexander et al., 2019; Siregar et al., 2019)

TQM

(Al-Khalili and Subari, 2014; Dedy et al., 2016)

CFF

Resistance to change

LM

(Gupta and Jain, 2013; Alhuraish et al., 2015; Nithia et al., 2015; Costa et al., 2018)

SS

(Kumar and Antony, 2008; Van Iwaarden et al., 2008; Tjahjono et al., 2010; Alhuraish et al., 2015; Costa et al., 2018)

L6S

(Alsmadi and Khan, 2010; Albliwi et al., 2015; Antony et al., 2017; Muraliraj et al., 2018; Ruben et al., 2018; Alexander et al., 2019)

CFF

Lack of resources

LM

(Gupta and Jain, 2013; Alhuraish et al., 2015; Nithia et al., 2015; Pinho and Mendes, 2017)

SS

(Kumar and Antony, 2008; Tjahjono et al., 2010; Alhuraish et al., 2015; Stankalla et al., 2018)

L6S

(Albliwi et al., 2015; Antony et al., 2017; Muraliraj et al., 2018; Ruben et al., 2018; Stankalla et al., 2018; Alexander et al., 2019)

CFF

Lack of employee involvement

LM

(Bendell, 2006; Yusup et al., 2015)

SS

(Bendell, 2006; Oke, 2007; Kumar and Antony, 2008; Van Iwaarden et al., 2008)

L6S

(Alsmadi and Khan, 2010; Muraliraj et al., 2018; Ruben et al., 2018; Siregar et al., 2019)

CFF

Lack of framework of implementation

LM

(Bhamu and Singh Sangwan, 2014; Pacheco et al., 2015; Pinho and Mendes, 2017)

SS

(Oke, 2007; Gamal Aboelmaged, 2010; Tjahjono et al., 2010; Pacheco et al., 2015; Alcaide-Muñoz and Gutierrez-Gutierrez, 2017; Patel and
Desai, 2018)

L6S

(Antony et al., 2017)

CFF

Need for a specialist

LM

(Bendell, 2006; Kedar et al., 2008)

SS

(Bendell, 2006; Oke, 2007; Kedar et al., 2008; Gamal Aboelmaged, 2010)

L6S

(Kedar et al., 2008; Antony et al., 2017; Muraliraj et al., 2018; Alexander et al., 2019; Siregar et al., 2019)

TOC

(Kedar et al., 2008)

TQM

(Talha, 2004; Kedar et al., 2008)

CFF

Poor communication system

LM

(Bendell, 2006; Nithia et al., 2015; Yusup et al., 2015)

SS

(Bendell, 2006)

L6S

(Albliwi et al., 2015; Ruben et al., 2018; Siregar et al., 2019)

TQM

(Dedy et al., 2016)

CFF

Data control infrastructure implementation difficulties

LM

(Kedar et al., 2008; Bhamu and Singh Sangwan, 2014; Alhuraish et al., 2015)

SS

(Kedar et al., 2008; Gamal Aboelmaged, 2010; Alhuraish et al., 2015)

L6S

(Kedar et al., 2008; Albliwi et al., 2015; Siregar et al., 2019)

CFF

Poor selection of projects

SS

(Kumar and Antony, 2008; Tjahjono et al., 2010)

L6S

(Albliwi et al., 2015; Antony et al., 2017; Muraliraj et al., 2018; Alexander et al., 2019)

satisfaction. Once the choices are made, the changes induced
must be treated with the adequate philosophy leading to the
greatest customer satisfaction.
• Good understanding of tool choice depending on the
goal: Several philosophies exist to implement quality

• Strong link between philosophy, business strategy, and
customer satisfaction: The main goal of a manufacturing
system is to bring products that will fulfill one or more
customer needs. Therefore, strategic manufacturing choices
must be linked to the customer need in order to ensure their
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improvements, as well as several goals for quality
improvement. Therefore, tools may be useful to reach
some targets, but not all. A good knowledge of which tool is
useful for which purpose is important in order to use them in
the appropriate manner.
Use of precise quantification tools: Improvement is defined
as a positive change from an initial state to a final one. These
states must be well-determined to precisely estimate the gain.
Therefore, tools must be able to accurately quantify the chosen
units for improvement.
Linking QMS to the global supply chain: The manufacturing
department strongly relies on suppliers, logistic department,
marketing department, etc. Therefore, QMS implementation
will face some barriers which can be overcome by linking the
actors of the supply chain to the QMS.
Systemic approach to improve by iterations: An
improvement is a change, and that means to move to a less
known situation, as compared to before. A systemic approach
helps to reduce the unknown during the implementation by
applying a global method and avoiding particularities. By
reducing the complexity and the impact of singularities on the
system, a systemic approach helps to progress by iterations
following a framework determined in advance.
Strong involvement of employees: The different philosophies
of quality improvement require that everyone is dedicated
to providing the best quality possible. This means that
ensuring the commitment of all the employees toward quality
improvement is important to successfully evolve.

•

•

•

•

•

•

•

Based on the analysis performed on the selected articles, the
Top 10 benefits as a result of the quality improvement policies
are listed below. Furthermore, Table 3 presents those benefits as
classified per method, and provides the corresponding references.

Analysis of Quality Improvement Tools

Barriers

An analysis of the tools listed in the articles reviewed has been
done. It is important to define what is considered to be a tool.
First of all, a mechanism is considered to be a tool when the action
of applying this mechanism enhances the quality of the product
or the process. The top 10 tools are described in Table 5. The
ranking is based on the weight attributed to each tool. The weight
is determined as the number of different articles mentioning the
tool all philosophies combined. In total, 144 tools have been
listed. The focus of the study is on the tools which are mentioned
in at least two different articles, which results in the further
analysis of 99 tools. The total number of citations is 586 for these
99 tools, and each tool may be listed in several philosophies.
Furthermore, the tools have been clustered in two classes,
based on the nature of the approach and the targeted goal.
The first classification regroups the tools depending on their
focus. The results from this classification are shown in Table 6
and Figure 3. Table 6 contains the overall results for all the
philosophies with the corresponding percentages occurred from
the analysis. There are five main categories regarding the focus of
the tools, i.e., global improvement with 34.81% is the dominant
category, followed by flow mapping and quality with 19.80
and 16.89%, respectively. The least developed tool is on the

Some of the CSF previously presented can also turn out to
be weaknesses if they are badly used. Besides, some important
aspects must be taken into account to help avoid some failures.
These barriers to the improvement of quality are explained in the
form of Top 10 CFFs as follows:
• Lack of implementation experience and training for actors:
In order to implement a QMS, people must have a certain
knowledge of the philosophy and tools to avoid failures and
useless expenses.
• Lack of top management commitment: The implementation
of quality improvement systems needs the dedication of
everyone in the organization. The will to increase quality
often comes from the top management, which has a wider
perspective on the product and the customer satisfaction. The
top management then pushes the quality initiatives. In order
to be credible, they must stay committed to this position to
ensure a sustainable development.
• Resistance to change: Change means going from a wellunderstood state to another less known one. The actors of the
organizations have to make an effort then to change. Some
inertia may occur before benefits appear and then the will to
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go back to the previous state might pressure the organization.
This is a resistance to change.
Lack of resources: In order to change and improve, resources
(human, financial, infrastructure) are used. Sometimes the
change requires more resources than affordable for example
in small and medium enterprises (SMEs).
Lack of employees’ involvement: As explained before, a
strong involvement of employees is a strength whereas a weak
one is a drawback.
Lack of framework of implementation: The process of
quality improvement is iterative and relies on several levels
of maturity. There is no standard framework or procedure to
follow. Thus, improvement is hardly reproducible.
Need for a specialist: There is considerable knowledge in
the quality management field. A CSF is to have a trained
population. Therefore, there is the need of a specialist to
accomplish this mission and have an expertise. This is an
additional resource for the implementation of QMS.
Poor communication system: As explained before, proper
communication is important to ensure that actors are
on the same page, and that results are provided and
dynamically improve.
Data control infrastructure implementation difficulties:
Once the improvement is implemented, there is a phase
of monitoring to measure the impact of the change. The
measurements need an adequate data control infrastructure.
Otherwise, the conclusion on benefits of the change is
less precise.
Poor selection of projects: In order to be sustainable, a
strategic plan of improvements has to be designed. A poor
selection and sequencing of projects may lead to failures or not
fixing the main problems.
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TABLE 5 | Top 10 of listed tools in the literature review.
Rank

Tool

Definition

%

1

DMAIC (Define, Measure, Analyze, Improve,
and Control)

DMAIC is a strategy of improvement originated from SS, but can be extended to LM and L6S.

4.09%

2

VSM (Value Stream Mapping)

VSM is a lean flow mapping tool. It is a process-oriented tool which map the value creation of
the product, the time, resources spent, and information generated.

3.75%

3

5S (Sort, Set In Order, Shine, Standardize,
and Sustain)

5S is an iterative lean tool which helps to sort, order, clean, and standardize a workplace in
order to make it more efficient and improve the work life of the workplace’s user. 5S stands for
the initials of 5 Japanese words.

3.41%

4

JIT (Just In Time)

JIT is a lean flow timing management tool. Its goal is to align the timings in order the piece
parts arrive just when needed for them to reach the next step of manufacturing for the product.
The same reasoning stands for the finished good which arrive when needed. The purpose is to
reduce the inventory of parts and finished goods and then the waiting time.

3.41%

5

Kaizen

Kaizen is a lean general approach for improvement in a system in order to reduce wastes.

2.90%

6

Standardization

Standardization is a tool which helps to reduce the variability of a process and product to
ensure a consistent quality

2.90%

7

TPM (Total Productive Maintenance)

TPM is a tool designed to program the maintenance of the machines. The goal is to reduce the
downtime and the unexpected stops.

2.90%

8

Kanban

Kanban is a lean tool to reach a pull system of quality. This relies on a visual tracking system of
the product progress to well manage the flow.

2.73%

9

SPC (Statistical Process Control)

SPC is a statistical tool to quantify the variability of a process and monitor the current state of
the situation.

2.55%

10

FMEA (Failure Mode and Effects Analysis)

FMEA is a tool listing the potential failures of a system. It lists and ranks the risks on human,
methods and utilization, security and environmental factors to help tackle them in a cost and
impact limited way.

2.38%

FIGURE 3 | Distribution of the mentions for the focus of the tools for each philosophy.

used more for LM, followed by SS and L6S, with similar
mentions accordingly.
The second classification splits the tools depending on
their goal. The results are shown in Table 7 and Figure 4.
In Table 7, there are two main goals that are dominant,
i.e., the goal of determining current state of a system and

prioritization of the improvement to make with 6.31% of the
category importance.
Figure 3 shows that most of the tools used in SS approach are
used for global improvement. In addition to that, prioritization
and statistics tools are almost equally used by SS, LM,
and L6S approaches. Flow mapping and time tools are
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TABLE 6 | Definition of the different options of the first classification of tools on
their nature.

TABLE 7 | Definition of the different options of the second classification of tools
on their goal.

Focus of
tool

Definition

Tool goal

Definition

All
Tools that focus on modeling the succession of
processes and identify value added (or not)
steps.

19.80%

The tool focus combines all the
aspects of the previous impacts.

11.95%

Flow
mapping

Determining
current state

The tool focus is on clearly determine
the current situation of the system.

31.57%

Global
improvement

The tools that focus on several of the previous
aspects and combine them to improve the
quality of a system.

34.81%

Prevention

The tool focus is on preventing
identified undesired quality scenarios
to happen.

30.89%

Prioritization

Tools that focus on the prioritization of
improvements, in order to efficiently improve
the quality output of a system.

6.31%

Rethinking

9.90%

Quality

Tools that focus on the quality of the product or
process and how to avoid mistakes.

16.89%

The tool focus is on redesigning an
element of the system. It has not
necessarily presented problems, but
quality improvements can be done to
reach a better system.

Statistics

Tools that focus on statistics for a product
(finite or not) at a fixed step of progress.

7.34%

Solving

The tool focus is on solving a quality
problem, which has already occurred.

15.70%

Time

Tools that focus on time spent at each step of
the manufacturing.

14.85%

Percentage

a QMS. Through the literature review conducted, 99 tools have
been listed as cited in more than one of the articles included in
the scope. Several points can be brought to light from this listing.
Indeed, dealing with this amount and variety can feel like a
barrier to increasing quality for those who are not specialists
in their field. It means that first, the practitioner would have
to spend a considerable amount of time to understand the
tools, how they relate to each philosophy, and the critical points
to ensuring the viability of the implementation of these tools.
The manager can then decide either to do the work himself
or to call for a specialist. In the end, both of these options
represent a considerable consumption of resources (time or
financial resources).
Moreover, different names of tools may refer to the same
one. For example, some tools have been designed in Japan. For
the sake of easier understanding and discussion, an English
translation has been accepted by the community. Nevertheless,
the translation is not standardized and several are accepted. A
good example is about the tool Poka-Yoke. The goal of this tool
is to add a visual alert if an error is made by an actor during the
manufacturing. For example, imagine a production with batch
of 10 items. On the shop floor, someone’s mission is to create
this batch. If he misses one item and puts 9 items in the cart
for the batch, then an alert would appear to mention that the
number of items is incorrect. In English, the accepted translations
are fool-proofing and mistake proofing. Other examples exist, like
Heijunka, which is production leveling; Jidoka, which is process
autonomation; or Ishikawa, which is fishbone diagram. A more
extended list of examples is in Table 8. These numerous names
referring to same thing could be confusing when used. Indeed,
in a team working on project, some may know one name and
some another one. Training and educating the population is hard
enough to avoid this confusion.
Education for these tools also bears discussion and adds to this
confusion. Indeed, as pointed out by Gamal Aboelmaged (2010),
there is growing student interest on the topic. Three problems
have appeared. First, courses and the way of thinking have to

the goal of preventing problems from occurring, at 31.57
and 30.89% accordingly. The rethink goal is the least used
among others with only 9.90%. Figure 4 illustrates the goals
of the identified tools per philosophy. In the two dominant
categories, “Determining current state” and “Prevention,” the
philosophies with the highest use are SS and LM, followed
by L6S. Furthermore, SS is the philosophy that uses all
four goals the most. TQM shows a steadier presence in all
five categories.

DISCUSSION
This section discusses the results and findings of the study. First,
in section Need for Standardization of Quality Improvement
Tools, we illustrate that some work on the standardization
of the tool and the establishment of different toolkits to
use depending on the level of maturity of the quality
management system should be done. Subsequently, section
Categorization of the Quality Improvement Tools provides
two categorizations that help understand the way QMS are
implemented and elaborates further on these categories and
their implications. Next, section Discussions on CSF, CFF,
and Benefits discusses and provides insights into the CSF,
CFF, and benefits, previously highlighted in section Review of
Results. Section Evolution Toward ZDM ends the discussion
by linking the findings from the review on LM, SS, L6S, TOC,
and TQM with some important factors and new possibilities
of ZDM.

Need for Standardization of Quality
Improvement Tools
The latest philosophy integrated in QMS is L6S, for which interest
has risen since 2003 (Albliwi et al., 2015). After almost 20 years
of study, more than the other four philosophies discussed in this
article, many tools have been developed to help one implement
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FIGURE 4 | Distribution of the mentions for the goal of the tools for each philosophy.

Categorization of the Quality Improvement
Tools

TABLE 8 | Tools synonyms in Japanese and English.
Japanese name

English name

Kaizen

Improvement project

Poka-Yoke

Mistake proofing/Fool proofing

Gemba walk

Go to the field

Jidoka

Process autonomation

Andon

Emergency stop for root-cause analysis

Heijunka

Production leveling

Hoshin

Policy deployment

Ishikawa

Fishbone diagram/Cause-and-effect diagrams

Taguchi

Design of experiments

The two categorizations presented in Figures 3, 4 help to
understand the way QMS are implemented. It is possible to
reach to three conclusions. When studying these figures, it is
useful to keep in mind how the construction was made. Tools
have been cited in the articles reviewed. These articles were
categorized depending on the main philosophies they focus on.
Tools have also been categorized depending on the main goal
they fulfill and the nature of their impact. When a tool is cited
in an article for a philosophy, an increment of +1 is added on
the categories of the corresponding main goal and nature for
the conforming philosophy. One tool may appear in articles for
different philosophies. Therefore, one tool can be found in only
one category, but in several philosophies. If the same tool is cited
several times in different articles of a same philosophy, then this
tool will add an increment as big as the number of different
articles on the same philosophy citing it. Tools that are cited in
only one article have been removed from the focus of the study.
A small column does not mean that none or few tools exist, but
rather that they are less cited and then less studied. For example,
LM tools are the most studied ones.
First of all, regarding the goals targeted, it is clearly visible
that the dominant ones are about determining the current state
of the organizations or preventing undesirable situations from
occuring. In order to improve a system, it is important to know
first where the organization stands initially. This will help to
determine the quality improvement strategy (What objective can
be chosen? What should be prioritized? How much effort will
the change need?). The prevention of errors is also important.
This shows a mindset turned toward a balanced system without

be integrated to the spine of the education system. The second
problem is inherent to the certifications provided by external
institutions. Several institutions give lectures and certification
known as belts. There is no standardization of them, as explained
by Albliwi et al. (2015). Last but not least are issues explained by
Edgeman and Dugan (2008). Edgeman and Dugan (2008) explain
that SS is more than an engineering aspect. It is a philosophy
which encompasses also human, societal, and environmental
considerations. Therefore, there is a lack of harmonization for the
content provided to become a specialist, whose expertise level can
vary from one to another.
To conclude this discussion section, some work on the
standardization of the tool and the establishment of different
toolkits depending on the level of maturity of the QMS should
be done.
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An important factor is the categorization of the articles
mentioning each critical factor per philosophy focused on.
Besides the rankings, some conclusions can be reached. SS
is a philosophy based on statistics. It is the most quantified
philosophy among LM, SS, L6S, TOC, and TQM. Therefore,
the numbers are less subject to misinterpretation than policies
and LM philosophies. This may explain why on the SS Poor
communication system is weaker than on other philosophies. In
addition, TOC seems mainly absent from the critical factors. This
is mainly due to the fact that this philosophy has already proven
some limits and is less studied then by the scientific community
(Rahman, 1998; Ikeziri et al., 2019). Nevertheless, this philosophy
still has a strong point in being defined well in terms of steps
(Rahman, 1998; Kasemset, 2011; Ikeziri et al., 2019), which is a
weakness presented in LM, SS, and L6S.
Moreover, regarding the benefits, they seem homogeneous on
LM, SS and L6S. Inventory reduction is less cited for SS than
for LM and L6S. This derives from the core of the definition of
the philosophies. The LM aspect focuses on reducing the waste,
while SS’s main goal is to reduce the variability and not the
quantity directly.
Finally, it is clearly visible that the critical factors and benefits
mainly refer to the LM, SS and L6S more than the TOC and
TQM. This is partly due to the trend present in the research. As
explained previously in section Previous Literature, the research
community lately have more focused on these three philosophies
rather than on TOC and TQM. The method of ranking may
be biased by these trends. An absence of article cited for a
philosophy and factor may not mean that it is not important to
be considered. A good opportunity to confirm the hypotheses
relying on these rankings would be to survey the experts in
quality management who are black belts and master black belts.
They would be the most qualified people to address to.

various unexpected perturbations (like change in customer need,
operator errors, capacity disequilibrium, etc.). A considerable
category of goals is all. In this category, we grouped the tools that
are mainly on global perspective in order to determine the way
to proceed. Under that name are the methods of kaizen, DMAIC,
DMADV, and DFSS, which are sequences of the work to do in
order to reach successful improvements (Ishak et al., 2019). There
are also the specialists (belt experts) and ERP systems, which are
more resources than tools of primary importance for a QMS.
ERP systems and specialists are a good symbol of integration
of the quality preoccupations in the operational excellence
management. This tool is part of the spine of companies in
terms of management. Indeed, this goes further than just quality
management. It encompasses also human resource management,
for example. Also, the majority of the information flows in ERP.
This represents well how quality management is part of a whole
management system in order to reach operational excellence.
Moreover, concerning the type of improvement provided by
the tools, global improvement tools are the most studied. The
main tools in this category are DMAIC, 5S, kaizen, control
charts, and Pareto Analysis. The tools do not require a high
level of maturity in QMS. This is one of the reasons for the
numerous studies done on it, as many cases exist and they
have been documented for a long time. This also points that
quality initiatives are desired but not understood enough to
have important breakthrough on a very well-defined domain.
Another important fact to notice is the small contribution
of tools to prioritize the improvements. From the literature
review, it has been found that the selection and prioritization
of improvement projects is of primary importance in order to
successfully implement a QMS. Therefore, a gap is identified
between the knowledge of an important factor and the actual
practice in the field. It underlines a second crucial factor, which is
a trained population to act in QMS. This inconsistence between
knowing a critical factor and not digging fully in its direction
shows that people do not understand the topic well enough.
Finally, even if less documented, TOC and TQM are not useful
for prioritization and statistics studies. As a matter of fact, TOC
is a philosophy focused on removing existing bottlenecks, but
does not reveal further achievable improvements. TQM is more
a philosophy than a quantified tool. Its purpose is to gather the
people around a quality objective more than to statistics on the
activities going on in the organization.

Evolution Toward ZDM
The selection process for articles included in this literature
review does not integrate ZDM. The idea of this section is more
to link the findings from the review on LM, SS, L6S, TOC,
and TQM with some important factors and new possibilities
of ZDM. ZDM is a way of thinking of QMS with regards
to product and process quality. It is based on a simple yet
hard to achieve goal: Do right on the first attempts. For
this reason, ZDM must be integrated into the production
process right from the beginning, rather than trying to address
the issues at a later stage and should follow a continuous
improvement cycle based on standardized benchmarks. In fact,
the standard SS methodology embraces ZDM as one of its core
concepts, defining it as allowing a maximum of 3.4 defects
per million products, since achieving zero defects in a real
context is practically impossible. To achieve this, the evolution of
Industry 4.0-enabling, data-driven innovation leads to an easier
implementation of the ZDM concept, due to the availability of the
required amount of data for techniques such as machine learning
to work properly.
As explained in Psarommatis et al. (2019), the ZDM fulfills
four missions: detect, repair, prevent, and predict. The first
three missions are shared with the current quality philosophies.

Discussions on CSF, CFF, and Benefits
Many articles, like Patel and Desai (2018), Dedy et al. (2016),
Lande et al. (2016), and Stankalla et al. (2018) list critical factors
to be taken into account during the implementation of a QMS.
These factors can be presented as success factors or as barriers
to avoid during implementation. These lists are not exhaustive,
but rather rank and present crucial ones. The same idea has been
followed for this review study. The top 10 critical factors from
the articles reviewed can be found in Tables 2, 4. Often, the CSF
are presented and the CFF are left on the side (Albliwi et al.,
2014). Knowing how to successfully reach its goal also benefits
from learning from the failures, as explained in Cannon and
Edmondson (2005).
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produced, a perfect JIT will be impossible, as some safety stock is
necessary to compensate for these defects. Finally, an important
weakness which has been pointed out is the lack of education of
the organization’s population. Implementing ZDM faces a similar
barrier. A first step before inserting ZDM in QMS is to train
actors in this QMS.
To conclude, hypotheses have been made and further research
should be done in order to confirm or disprove them. Indeed, this
discussion is only based on comparison aspects with the critical
factors of LM, SS, L6S, TOC, TQM, and the trends concerning
the new tools of information management.

Prediction, however, is new aspect. In fact, LM, SS, L6S, TOC,
and TQM do not learn from defects. They just remove them.
These philosophies analyze the past to improve in the future.
Therefore, there is a loss of potentially important information
from the present. Not analyzing the present creates an inertia
between the occurrence of an event and the identification of an
improvement linked to this event. One major change in ZDM
is on the flow of information. Indeed, ZDM uses real-time data
to prevent product from defect. Doing this, ZDM combines
several quality control applications concerning production lines,
machinery, automation applications, and supply chain processes.
This is possible thanks to the development of IT systems and
Industry 4.0. This helps to anticipate defects in order to fix
them before too late. It is crucial to reach a state of early
detection in order to have a sustainable system (Yusup et al.,
2015). Moreover, this flow of information helps to better connect
the global supply chain (Pagliosa et al., 2019), which is known
to be a critical success factor for an efficient QMS. Another
aspect on the predictive aspect is to predict defects not only in
the product, but also in the process. In ZDM, the use of realtime data helps to dynamically monitor and tune the parameters
in order to adapt the predictive maintenance. Downtime of a
machine is known to be very costly. Reducing this downtime by
a predictive maintenance of higher accuracy is a strong quality of
ZDM (Dreyfus and Kyritsis, 2018).
In addition, Eleftheriadis and Myklebust (2016) have
presented important aspects. First, a framework has been
derived. This is an important point, since a critical failure factor
for the current philosophies has been a lack of framework for
implementation and systematic approach. This framework
presents a systematic approach on the information data
management. The idea is to dynamically deal with them in
terms of real-time data to meet industry’s new requirements
so as to ensure a reliable, flexible, and sustainable system.
Secondly, in this framework, corrections are autonomously
dealt with. Therefore, the management team has less to focus
on and can instead work on the human aspects. As pointed
out in the critical factors, implementing a good culture of
change is of primary importance and requires some time,
newly provided by autonomous ZDM. Indirectly, this time
combined with a fast information flow from customer online
reviews helps to more quickly tackle the changes in customer
needs and defaults of manufacturing that would have not been
understood before.
Nevertheless, this connected flow of information exposes
the organization to new risk and waste. Accordingly, this
information must be secured (Seetharaman et al., 2019). The
security department has to be trained for this new risk of data
transformation and on how to prevent them. In addition, an
accurate and fast data management system has to be established
in order to avoid creating new waste. If not chosen with
precaution, the monitored data may be very large. The processing
time of this information increases with the volume of data. This
could lead to some delay in predictive detection and the defect
might have appeared. Moreover, a commonly used tool for QMS
is JIT. As long as defects will be present in the quantities of items
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CONCLUDING REMARKS AND FURTHER
RESEARCH
In this multi-competitor market, an adequate QMS is essential
to satisfy customer needs from a sustainable perspective. The
implementation of this QMS relies on LM, SS, L6S, TOC,
and TQM. These philosophies and mainly LM, SS, and L6S
have proven to provide significant benefits like cost reduction,
lead-time reduction, quality improvement, and more, when
implemented in an appropriate manner. To achieve this
implementation, some critical factors are to be taken into
account like, a proper communication system, a visible top
management commitment, a population trained in CI, and
more, which have been described. An educated population is
a key point to efficient improvement. Currently, the most-used
tools that determine the current situation to prevent defects
are flow mapping, global improvement, prioritization, quality
improvement, statistical analysis, and time focus tools. Several
goals can be achieved with many different tools. Nevertheless,
due to a lack of understanding and a very large range of tools, the
practitioner may be confused when choosing the one to use and
miss other important ones. In that regard, an effort in education
in universities and companies must be made. It can also be
done thanks to quality institutions who lecture the experts.
It is important to notice that institutions nowadays do not
provide a standardized education on the quality management.
Some work to standardize the knowledge to have in order to
become a certified belt expert should be pursued. Also the
research on tools should be pushed further in order to determine
toolkits corresponding to several levels of maturity of quality
management systems (Abdolshah and Jahan, 2006).
Finally, ZDM is an additionally more recent philosophy that is
more and more enabled thanks to technological improvements.
It allows a new goal, which is to predict defects. ZDM opens the
gate for real-time data management to increase the efficiency of
manufacturing organizations and to connect them better to the
global supply chain. Nevertheless, the integration of these new
technologies may raise new risks and waste. Indeed, the security
of the information has to be ensured. The perimeter is then wider
than physically securing the organization. This newly accessible
flow of information can be so large that it may introduce a new
sort of waste in the data management. Some research should be
done to better identify and define them and how to reduce them.
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