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Abstract

Purpose – The purpose of this paper is to compare and discuss the evolution of six important
management systems: Japanese Total Quality Control ( JTQC), Total Quality Management (TQM),
Deming’s system of profound knowledge, Business Process Reengineering (BPR), Lean Thinking and
Six Sigma. Indeed, the contribution of this paper lies in the concurrent analysis and classification, by
the means of a literature review, of the results and critical implementation factors of the six systems.
Deming’s Plan-Do-Check-Act (PDCA) has been used to classify the findings from the literature review.

Design/methodology/approach – The research methodology is based on a literature review. The
literature review has been carried out for each single system, trying subsequently to compare and
discuss the results.

Findings – Inside the six systems, nine common factors have been found and proposed. They are:
results and benefits; management style; deployment of the system; employee management,
deployment and participation; voice of the customer; tools, techniques and IT; optimisation of the
system; day-by-day check and control of the results and review of the system.

Research limitations/implications – This paper presents some limits due to the fact that it is
based on a literature review. This implies that more research about the findings should be carried out:
TQM in Western companies, Six Sigma that could have substituted TQM, Six Sigma and TQM in
Japan, Deming’s system developments and the influence of the Japanese style on Lean Six Sigma.

Originality/value – For the first time a paper tries to compare and discuss the six most important
systems dedicated to quality and operations improvement.

Keywords Total quality management, Business process re-engineering, Japanese total quality control,
Deming’s system, Lean thinking, Six Sigma

Paper type Literature review

Introduction
Japanese total quality control ( JTQC), total quality management (TQM), Deming’s
system of profound knowledge, business process reengineering (BPR), lean thinking and
Six Sigma are quality and operations improvement systems all oriented towards process
improvement. They have implementation factors and results in common such as:
continuous improvement, customer satisfaction, people and management involvement
to mention a few. Nonetheless, the systems also present different and important
characteristics due to their different origins and the historic path of implementation
inside companies.
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The literature itself has considered the systems at different times and in different
ways. Six Sigma comes from the USA, it is the most recent system, and along with the
Japanese Toyota production system (TPS) revisited by Womack and Jones (1998) with
the new name lean thinking, it is still extensively researched and discussed by
practitioners and academics (Wedgwood, 2006). The literature on TQM and JTQC
reached a peak in the middle of the 1990s, although less so with TQM but it is still
being researched (Osayawe Ehigie and McAndrew, 2005). BPR became very popular in
the USA in the early 1990s, since then interest in it has decreased and nowadays only
the term reengineering has been inherited (Stoica et al., 2004). Deming’s system has
been analysed and discussed less than the other systems.

In the light of this there is a need to better compare and discuss the evolution of the
systems, the ways of implementing them, their distinctions and what they share in
common. Indeed, the main purpose and contribution of this paper lies in the concurrent
analysis and classification, by the means of a literature review, of the results and critical
implementation factors of the six systems. Deming’s Plan-Do-Check-Act (PDCA) model
(Deming, 1950) has been used to classify the results from the literature review.

The findings will open an interesting debate for future research about the future of
the systems and the lessons learnt from their evolutions.

The findings could also be a useful comparison programme for practitioners that
want to apply the systems or integrate them.

Literature review
A few authors have investigated two, three or four of the mentioned systems but no
authors have compared all the six systems at the same time.

Very few articles analysed Deming’s system trying to compare it with other
systems; the only interesting articles have been written by Gitlow (1994, 1995). Gitlow
compared JTQC and Deming’s system in detail, finding several points of agreement
and disagreement between the two systems. Unfortunately the author limited his
research to the two systems.

Martinez-Lorente et al. (1998) compared American and Japanese TQC with TQM. The
paper is an interesting analysis of differences between American and Japanese ways of
implementing the systems. For the authors the differences are linked to culture, politics
and company philosophy. The professionalism and specialisation, high turnover rates,
easy layoffs and short-term profits of the Taylor’s system are the external factors that
have created a different approach in the USA.

Ricondo and Viles (2005) wrote the most extensive paper in terms of comparisons.
Lean, Six Sigma, TQM, reengineering (BPR) and learning organisation are compared at
the same time. In an interesting way they found that many quality tools and techniques
are shared by all the approaches, such as the seven basic tools, the seven management
tools, statistical process control, benchmarking, teamwork and brainstorming,
to mention the most important. The authors also found that each system has its own
specific tools and techniques such as kanban for lean organisation, information
technology (IT) tools for BPR and statistical tools for TQM and Six Sigma.

Dahlgaard and Dahlgaard-Park (2006) tried to compare the principles and results of
lean production, Six Sigma quality and TQM. Some foregone conclusions emerged
such as Lean and TQM had developed from Japanese practices. In a more original way
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the authors claim that lean production and Six Sigma are new alternative TQM
roadmaps, even if there is not any specific validation of this issue in the paper.

More recently Johannsen (2011) wrote a paper dedicated to state-of-the-art integration in
quality management and pointed out that there is a lack of guidelines for integrating lean
management, Six Sigma and TQM. The results are more a research agenda for the future
than a point of view concerning what are the common characteristics and the differences.

To sum up, the authors have analysed some, but not all, of the systems, identifying
differences in terms of origin, culture, tools and techniques and other factors. However,
there is a lack of an accurate comparison among all the six systems in order to
understand the common results and critical implementation factors, their differences
and whether some of them can be an alternative to the others.

Research methodology
The research methodology is based on a literature review. In the literature there is
neither an academic discussion nor case studies carried out by practitioners concerning
the six systems at the same time. Therefore, the research is first based on a literature
review of each single system trying subsequently to compare the findings. This
specific comparison is structured following the PDCA cycle as a way of implementing
the systems top-down and bottom-up. As several papers suggested, PDCA can be
successfully used as a framework for implementing different management systems.

Deming’s system naturally has the PDCA cycle in its DNA. Ishikawa (1985) slightly
redefined the PDCA cycle in order to include goals, targets, methods for reaching them as
well as training and education (Moen and Norman, 2006). Deming’s PDCA can surely be
considered the most common pattern inside TQM (Cheng, 2008). Linderman et al. (2003)
for instance suggested that in case of process improvement Six Sigma is patterned after
the PDCA cycle. Lucas (2002) found that Six Sigma uses a modified PDCA management
cycle. Cheng (2008) and Graves et al. (2000) discussed that Six Sigma and TQM are based
on a PDCA management cycle. Dennis and Shook (2007) analysed PDCA as a
methodology and cornerstone for Lean. BPR is not directly linked to PDCA, however, its
way of implementing can be associated with it. For instance, Muthu et al. (1999)
introduced five steps to implement BPR, similar to PDCA, as discussed in the BPR section.

The Plan stage is usually dedicated to the strategies, the definition of the objectives
(Kondo, 1998; Tani, 1995; Ramsey et al., 2001) and the design of the organisation,
including in part human resources management (Conti, 1997).

The Do stage is considered the implementation phase from the voice of the customer
capture until the delivery of the product/service (Conti, 1997). Ishikawa (1985) used to
include training and education in the Do stage. In the Check and Act stages the
organisation checks to evaluate how it conforms to the Plan stage and Acts on what
has been learned (Johnson, 2002).

In the discussion section, the findings of the literature review will be summarised
and compared with each other within the PDCA cycle in order to obtain for the six
systems the results and their critical implementation factors.

These latter, as shown in Figure 1, are considered to be the way of implementing the
systems to achieve the same fundamental target: process improvement. Although the
objective of this paper is not to go into philosophical discussions, process improvement
can be ontologically considered the nature of being (Hirschheim et al., 1995) of the six
systems.
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Japanese total quality control
TQC is surely the oldest system and its roots sink into the earliest statistical research
carried out by Shewart (1939). These principles were further developed in Japan after the
end of the Second World War. Feigenbaum (1961, p. 6) developed TQC, defining it as:

A network of the management/control and procedure that is required to produce and deliver a
product with a specific quality standard.

It can be noted that Feigenbaum’s definition of TQC was focused on the so-called
quality assurance that implies respect of standards, procedures, work instructions to
reach above all effectiveness for the customer (Ishikawa, 1985).

TQC in Japan evolved into company wide quality control mainly due to Ishikawa
(1985), leading TQC towards the so-called Japanese TQC (JTQC).

According to Ishikawa (1985), TQC tries to optimise cost-effectiveness and
usefulness, while satisfying customers at the same time. The same results can be found
in Kano (1993, p. 13): he clearly stated that the purpose is to increase “customer
satisfaction and quality assurance”.

Ishikawa (1985), King (1989) and Mizuno (1988) analysed the Plan stage which in its
strategic dimension is based on policy management and is known as hoshin kanri.
Kano (1993) strongly believed that top management should create the right energy and
motivation to promote and sustain quality.

Iizuka and Osada (1988) and Ishikawa (1985) discussed participatory management
and the humanistic view of the worker in JTQC. Promotional activities or administrative
systems (Gitlow, 1995) are the “vehicles” of JTQC for managing the organisation and all
the employees. JTQC has principles such as daily management, cross-functional
management, voluntary quality control circle and training. Daily management is based
on the improvement of best-practice methods and the quality control circle operates day
by day involving all the levels and employees. Kano (1988) pointed out how a quality
circle should be underpinned by respect of humanity, building a bright and enjoyable
workshop environment that improves without limits human potential. Furthermore,
Ishikawa (1985) considered that TQC was not exclusively a task for quality specialists,
even though people have to receive training and education for the best practices.

Figure 1.
Ontological assumption

and way of implementing
for the systems

Management systems:
JTQC, Deming’s, TQM,
BPR, Lean Thinking, Six

Sigma

Ontological
assumption:
PROCESS
IMPROVEMENT

Results, Critical implementation
factors and approach to

improvement
(WAY OF IMPLEMENTING

based on PDCA)

P D C A
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By contrast, Feigenbaum (1961), more representative of the American approach,
discussed how quality control needed a particular specialisation of some figures and
departments.

In the Do stage, Ishikawa (1985), Iizuka and Osada (1988) and Kano (1988)
agreed that having a customer orientation, where the customer can also be considered
the next process, is a fundamental pillar of JTQC. The quality circles, along with
the management, are supposed to manage processes by fact, achieving targets that can
include quality, cost, scheduling, quantity, sales and profit and safety. Ishikawa
(1985), in particular, stressed the use of the seven basic tools such as check sheets,
Pareto, histograms, stratification, control charts, cause-and-effect diagrams and
interrelationship diagraphs. However, depending on the problem, management tools
and advanced ones such as design of experiments, quality function deployment,
Taguchi and many others can be applied. Some tools that typically are classified within
lean thinking are also used inside quality circles. For instance, mistake proofing or
poka-yoke systems along with 5S and cleanliness, arrangement, neatness, discipline and
orderliness can be traced to JTQC (Shingo, 1986, 1989).

In the literature concerning JTQC there is no evidence of any particular way of
reporting and controlling the results achieved by quality circles. Ishikawa (1985) pointed
out how the results in general are measured by indicators, linked in particular to product
conformity. Reactions to nonconformities are managed by corrective actions and
problem solving. Audits can be led to control and check the quality assurance system
(Gitlow, 1995). Lessons acquired from corrective actions can be carried out in other
similar processes by the means of preventive actions. Mizuno (1988) explained how the
results from the corrective and preventive actions can become inputs in the hoshin kanri
system for the Act stage.

Total quality management
As previously discussed, Japanese companies have developed TQC mainly using the
teachings of Ishikawa, Deming and Juran. Feigenbuam was the first to use the term
TQC but he started introducing differences between American and Japanese TQC
(Martinez-Lorente et al., 1998); these differences have been extended by TQM.

Ishikawa shifted the attention from the term “control” to “management”. According
to Martinez-Lorente et al. (1998), in the literature the idea began that quality does not just
have to be controlled but managed. Probably this was the actual beginning of the TQM
movement and principles. According to several authors (Grant et al., 1994; Milakovich,
1991; Ehigie and Akpan, 2004), Deming (1986) was one of the founders of TQM,
launching it in the world through the book Out of the Crisis.

Nowadays there is a huge quantity of literature about TQM but, according to Knights
and Willmott (2000), sometimes authors contradict each other and it is not clear what
TQM contains. The literature shows confusion beginning from the management styles
and their strategies. An interesting paper by Chatterjee and Yilmaz (1993, p. 16) points
out how TQM gurus such as Deming, Juran and Crosby did not agree on quality
strategies:

[. . .] Deming is strongly opposed to management by objectives [. . .] Crosby recommended
zero defects as a quality objective [. . .] Juran and Deming are against this because the
inherent variability in all processes [. . .]
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However, senior managers should be very involved and the most important critical
characteristic for TQM implementation in the West seems to be management behaviour
and participation, management by fact and long-term vision (Porter and Parker, 1993).
A steering committee of senior managers normally leads the implementation
programme. TQM focuses on quality performances, such as costs of poor quality
(COPQ), although in the literature cases of integration between TQM and corporate
social responsibility (CSR) (McAdam and Leonard, 2003; Zink, 2007; Meehan et al., 2006)
and TQM and environmental aspects (Kitazawa and Sarkis, 2000; Daily and Huang,
2001; Miles and Russel, 1997) are frequent. Hoshin kanri in TQM is still one of the most
used strategic systems (Akao, 2004) in Japan, even though TQM is also associated with
the American balanced scorecard and other deployment systems (Hoque, 2003).

In terms of human resources, TQM stresses the use of team building and team
efforts (Ross, 1993; Spector and Beer, 1994; Bubshait and Farooq, 1999) and employee
involvement is mandatory. During the 1980s, in TQM and JTQC, implementation at the
bottom level was carried out through quality circles. Unfortunately, quality circles
failed in many Western companies as described by Hayward et al. (1985) and Drago
(1988) and companies had to think about different improvement teams. The reasons lie,
first, in weak senior managers’ leadership, and second in nonparticipation and once
more in an unclear connection with company strategies.

In the Do stage, voice of the customer capture as well as basic and advanced statistical
tools are fundamental to improvement projects and no author criticised them. Sila and
Ebrahimpor (2002) investigated critical factors of TQM concluding that, in the literature
written in English until 2000, TQM had been studied in dozen of ways grouped into
25 categories. The authors outlined how TQM has also been influenced by national
awards such as the Malcolm Baldridge and the European Foundation for Quality
Management Award. For instance, benchmarking and self-assessment are largely used
and derived from this field.

Finally, it seems that Western TQM in the course of time is losing its identity. In
reviewing papers (Saylor, 1992; Pike and Barns, 1993; Ross, 1993; Zairi et al., 1994;
Omachonu and Ross, 1994; George and Weimerskirch, 1998) it can be found that many
improvement projects have been carried out under the TQM “umbrella” but without a
similar pattern. Paton (1994) even defined TQM as a philosophy not a science and as
such it cannot be developed through a precise roadmap or pattern. Hellsten and Klefsjö
(2000) found that the “fathers” of TQM sometimes do not like the concept. Furthermore,
the same authors found that the same TQM concept could have different names and
that there are vague descriptions and few definitions of TQM. However, it seems that
in Japan TQM still has its own identity, strictly linked to JTQC (Yamaji and Amasaka,
2008); other Eastern countries also recognise that there is a successful Japanese TQM
style that can be followed (Nassir Shaari, 2010).

Deming’s system of profound knowledge
Deming’s system is based on Deming’s last book The New Economics: For Industry,
Government, Education edited in 1993 and following the masterpiece Out of the Crisis
published in 1986. As previously stated, Deming is unanimously considered one of the
fathers of TQM and his works are widely known and quoted. However, there are few
articles and case studies about Deming’s system of profound knowledge and its
implementation.
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The system is divided in four interdependent parts: appreciation of a system, theory
of variation, theory of knowledge and psychology. A system is broken down into several
components and the management has the responsibility of heading the components in
the same way. Within the system there are two causes of variation, special and system
causes. Employees and technicians have to find and resolve the causes. Knowledge
should be based on a theory and managers, by the means of theory, have to predict the
future events starting from the past. There is no truth, theory can be reviewed and
changed. Psychology helps to understand employees, their interactions and the
interactions with the system. Management must understand intrinsic and extrinsic
motivation as well as over justification (Gitlow, 1994).

Deming (1993), in the Plan stage, criticised the practice of management by
objectives: it does not lead towards results for the entire system and all the stakeholders.
Management should not privilege one or few stakeholders. Employees, customers,
suppliers, stockholders, the community and even the competitors should receive welfare
from the company in the long-term. Deming (1993, p. 2) stated: “A product or service
possesses quality if it helps somebody and enjoys a good and sustainable market”.

In Deming’s system there is no trace of particular processes in order to deploy
objectives and goals. In any case, Deming claimed that methods are more important
than goals and targets. Many negative cases of defined targets that are reached but
reached in wrong ways are analysed in the second chapter “The heavy losses” of his
book. The long-term process is named by Deming “analytic management” and it is in
contrast to the short-term results-only orientation, named “enumerative management”.

Management must promote and create a balance of intrinsic and extrinsic motivation
(Gitlow, 1994). This can be considered one of the most interesting and characteristic
elements of the system. The energy released by intrinsic motivations is, by far, more
positive for improving processes and employees, and in this way their potential and joy
of working shines. A win-win environment is fundamental to stakeholders, including
employees. A cooperative environment has to be preferred by management instead of a
competitive environment. Competition can lead people and departments to reach their
own goals and not the goals of the entire system. According to Gitlow (1994), the pursuit
of customer satisfaction is internally motivated as well and in any case cannot be
achieved without regard to the stakeholders’ needs.

In the Do stage Deming’s system does not emphasise any particular tool or group
such as advanced statistical tools. Each organisation can choose its tools for reducing
variation. Anyway, Deming believes in the tools and techniques of quality management
and Shewart (1939) and his tools are often quoted.

Managers must not introduce a fear climate inside the organisation, and performance
check processes that introduce ranking of employees or departments are not the best for
Deming (Gitlow, 1994). Instead, it is vital for a manager to learn the psychology of
individuals, to spend time listening to them and understand why they failed. Variation
has to be measured and continually reduced, and the theory which underpins the system
periodically revised on the basis of its capacity to predict the future.

As Deming (1993, p. 66) himself said: “the book is for people who are living under the
tyranny of the prevailing style of management” and in this way it can be considered a
behavioural guideline for managers, especially in the USA.
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Business process reengineering
BPR leads to deep redesign of business processes. It was popular during the 1990s
basically as a reaction to recession; in those years companies needed to downsize and
to better apply information technology (IT) (Davenport and Short, 1990; Cole, 1994;
Mumford, 1994). In reviewing the literature it can be observed how the number
of dedicated papers has decreased during the past five years. Hammer and Champy
(1993) can be considered “the parents” of BPR developing the first complete pattern to
implement BPR.

According to Knights and Willmott (2000), BPR in the Plan stage improves
cost, quality, service, speed and organisational transformation around processes.
The approach to change is very fast and can be considered “revolutionary”. Senior
management should act an aggressive and autocratic style of leadership and employees
become important only at a later stage. Consequently, BPR is more top-down or imposed
than the other systems.

According to Hammer and Champy (1993), human resources involvement
is important as well as teamwork, empowerment and responsibility. Limerick and
Cunnington (1995) also argued that the strength of BPR lies in the empowerment of the
individual. However, redistribution of responsibilities is an inevitable outcome of
process reengineering (Davenport, 1993) and this could lead to a “hypermodern
neo-authoritarianism” as Willmott (1995) suggested. Knights and Willmott (2000),
as already seen, claimed that BPR is mainly a top-down implementation and employees
become important in the later stages. According to Hammer and Champy (1993) and
Bradley (1994), similar to Six Sigma, there are precise players such as a steering
committee; the “czar”, who ensures resources and knowledge for the projects; project
leaders; process owners and reengineering teams.

In the Do stage, BPR is focused on the voice of the customer (Hammer and Champy,
1993) and its capture. In addition, BPR is “IT-minded”, the reengineering cannot be
carried out without using computers, software and databases. According to
Kettinger et al. (1997), BPR techniques and tools are strongly based on mapping,
benchmarking and IT; they include project management, brainstorming, cause-effect
diagrams and problem solving (Klein, 1994; Kettinger et al., 1997; Chou and Chou, 2007).

The way of implementing BPR into the processes is underpinned by a well-structured
pattern. Muthu et al. (1999) tried to summarise this approach for BPR. It is the sum of
BPR methodologies described in the literature and it introduces five interesting steps
similar to the PDCA cycle:

(1) preparing for BPR;

(2) map and analyse As-Is process;

(3) design to-Be process;

(4) implementing reengineered processes; and

(5) improving continuously.

Thyagarajan and Khatibi (2004, p. 58), tried to summarise the critical implementation
factors discussed depicting reengineering in seven important areas:

(1) Emphasise customer satisfaction.

(2) Use performance improvement programmes and problem-solving techniques.
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(3) Focus on business processes.

(4) Use teams and teamwork.

(5) Bring about changes in values and beliefs.

(6) Work to drive decision making down to lower levels in the organisation.

(7) Require senior level commitment and change management for success.

Lean thinking
Since the 1970s, competition has been increasing on factors such as zero defects, on-time
delivery, price and relevant customisation (Piercy and Morgan, 1997). This scenario is
the opposite of the so-called “Mass production” (Shingo, 1989), in which there is a huge
demand for products and services that are manufactured with low-cost resources and
with poor personalisation and quality. In order to reduce the wastes that increase
process lead time and reduce value added for the customers, Taiichi Ohno, past Toyota
Production Manager, invented TPS in the 1960s (Ohno, 1988). Lean production is a name
derived from the book The Machine That Changed the World: The Story of Lean
Production (Womack et al., 1991). Although Lean production is focused on effectiveness
in the production process, lean thinking is more focused on the efficiency in the company
as a whole, including offices (Chiarini, 2011).

In general, the shorter the process, the Leaner the organisation and consequently the
fewer the wastes (Sugimori et al., 1977), thus lean thinking is focused on the extreme
simplification of the “mainstream” with the intent of avoiding any kind of waste and
accelerating the flow.

In the Plan stage the typical system for deploying strategies is hoshin kanri,
introduced at the same time for JTQC (King, 1989). The typical goals to follow are linked
to waste reduction, as well as COPQ and customer satisfaction (George, 2002). Over time
Lean has proposed interesting new metrics along with its typical tools, such as lead time
and overall equipment effectiveness (OEE) (Nakajima, 1988) to mention a few.

Lean thinking is for long-term oriented managers with a very clear vision (Womack
and Jones, 1998). Managers are bound to create a culture of getting quality right the
first time similar to TQC and TQM, going and seeing for themselves problems and
improvements in the processes (Liker, 2004).

According to Womack et al. (1991), quick and voluntary teams continually try to
remove wastes and there is not a pattern as rigorous and hierarchical as the Define,
Measure, Analyse, Improve and Control (DMAIC) of Six Sigma for improvement
projects. Only through reviewing practitioner literature or by directly analysing case
studies, can it be found that teams usually manage “Kaizen events” or “Kaizen weeks”
(Robertson et al., 1992; Manos and Alukal, 2006; Manos, 2007; Dickson et al., 2009), where
Kaizen is the Japanese translation of continuous improvement. The peculiarity of these
improvement projects is the short duration (on average a week) and the maximum
involvement of people (Wickens, 1993; Liker and Meier, 2006). Similarly to JTQC, all the
employees at all levels should be involved, creating an atmosphere of continuous
learning and respect for people (Liker, 2004). Ohno (1988), who is considered one of the
fathers of Lean, proposed in his book the same JTQC concept of respect for humanity
presented by Ishikawa (1985).

The Do stage is particularly characterised by specific tools such as 5S, Kanban,
Heijunka, total productive maintenance and many others (Nakajima, 1988; Ohno, 1988;
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Shingo, 1989) invented by Toyota and other Japanese companies. Lean does not need
advanced statistical training, nor certified Black and Green Belts. Self-empowerment
and responsibility are as important as team building and team efforts. There is no trace
in the academic literature of the application of Lean tools in engineering departments.
Companies prefer tools derived from TQC-TQM and Six Sigma that are specialised for
engineering and design. There is not, for instance, an approach similar to the so-called
Design for Six Sigma (DFSS) (Mader, 2002; Coronado and Antony, 2002; Yang and
El-Haik, 2009).

The hoshin kanri drives a strategic process of review (Witcher and Butterworth,
2001) in the Check and Act stages, and day-by-day results are managed by visual
control (Shingo, 1989). This peculiar tool has led to the principles that no problems
have to be hidden, that production can be stopped to fix them and last, but not least,
people can learn from mistakes (Liker, 2004). Similarly to Deming, some authors linked
to the Lean Accounting topic (Maskell and Baggaley, 2004; Kennedy and Widener,
2008) discussed how to fix standards and targets for cost, but indicators can be
dangerous to the continuous improvement principle.

Six Sigma
The term Six Sigma was coined by a Motorola Engineer named Bill Smith (Harry and
Schroeder, 2000). In fact, Six Sigma is today an American federally registered trademark
of Motorola. In the early and mid-1980s with Chairman Bob Galvin, Motorola engineers
decided that the traditional quality levels that measured defects in thousands of
opportunities did not provide enough quality results; instead, they wanted to measure
the defects per million opportunities (DPMO). Motorola developed the new Six Sigma
standard, created the methodology and the required cultural change associated with it.
Six Sigma helped Motorola realise powerful bottom-line results in the entire
organisation; in fact, Motorola documented more than $16 billion in savings because
of Six Sigma efforts. Since then, hundreds of companies especially quoted in the US stock
exchange have adopted Six Sigma as a way of doing business (Pande et al., 2000).

Six Sigma is a long-term journey. According to Harry and Schroeder (2000),
Six Sigma has a specific deployment starting from the business plan. Harry (1998) and
Harry and Schroeder (2000) claim that Six Sigma leads mainly to reduction of poor
quality cost; this point can also be found in the work of several other authors (Coronado
and Antony, 2002; Wiper and Harrison, 2000; Antony and Banuelas, 2002;
Antony, 2004).

The DPMO concept is not just a slogan but a very grounded way to measure how
successfully Six Sigma objectives are implemented. It has been demonstrated “on the
field” that Six Sigma improves business performance in many ways and, in the final
analysis, company margins (Harry, 1998; Slater, 1999). Some authors (Davison and
Al-Shaghana, 2007) have pointed out how Six Sigma organisations have a higher
quality culture than non-Six Sigma organisations and managers have a clear quality
vision.

Six Sigma is not focused on social responsibility results (Goh, 2002), even though
some authors (Kuei and Madu, 2003) believe that with some limits Six Sigma needs to
extend to include environmental management and safety dimensions.

Six Sigma projects take on average from a few months (Goh, 2002) to one year and
thus their yield is short- to medium-term based.
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Reviewing the literature concerning the management of the organisation, many
authors deal with two important figures: top and senior managers and their commitment
to an effective and long-lasting Six Sigma application (Harry and Schroeder, 2000;
Henderson and Evans, 2000; Coronado and Antony, 2002; Antony and Banuelas, 2002;
Linderman et al., 2003).

A “sponsor” and a “champion” are supposed to manage the company as a whole
towards Six Sigma. Hence, without a clear and well-noticed top management
commitment Six Sigma can fail after a few months of implementation. In addition,
leadership and strategic management for Six Sigma should be “visionary” because
culture and charisma can easily move strategies to processes.

Starting from the paper of Harry (1998), it is taken for granted that Six Sigma
organisation needs important figures such as Master Black Belt, Black Belt and Green
Belt.

Black and Green Belts should be certified through precise and well-coded training
(Harry and Schroeder, 2000). A Master Black Belt usually is a Black Belt who has
successfully carried out several projects and can act as a trainer for Black and Green
Belts.

Six Sigma teams led by a Black or Green Belt need worker participation as well.
Linderman et al. (2003) dealt with the aspect that Six Sigma organisations should, by
extensive programmes, train all the employees. Therefore, at this level, Six Sigma
requires team building and team efforts and each Six Sigma team leader is supposed to
be trained on these subjects not only on statistics. However, Hahn et al. (2000), in their
discussion about statistics training, referred to a “democratisation of statistics” within
Six Sigma. Every employee should be trained, at the requested level for his/her role, on
statistics and quality tools. Six Sigma programmes have to balance the cultural and
technical skills (Eckes, 2001) of every worker. In this way Six Sigma introduces a
hierarchical participation of staff in decision making and a precise development of the
skills which employees are bound to acquire. Managers should select the best employees
for projects (Brue, 2000) based on their abilities to bring assigned tasks to a close. Each
participant within Six Sigma projects is controlled by a Black or Green Belt but
participants are supposed to take on responsibility about rules and scheduling. It is not
so difficult to notice how employees are led and managed mainly by extrinsic
motivations, rather than intrinsic ones.

The role of employees within the improvement team has received some criticism in
terms of commitment and motivation. Goh (2002), for instance, analysed Six Sigma
limits, pointed out that it hardly sustains creativity, breakthrough or entrepreneurship
among staff. The author in his findings stated that Six Sigma is not suitable for
enhancing creativity and ability of interpretation as well as priorities of the organisation,
especially economical, and it can sacrifice growth of people and talent development.
Therefore, extrinsic motivations in terms of customer satisfaction and savings are more
important than intrinsic motivations such as growth of staff.

In the Do stage it is fundamental to capture the voice of the customer. Six Sigma
tends to cut down external COPQ (Harrington, 1986) such as warranty costs, returned
goods and penalties. According to El-Haik and Al-Aomar (2006) and Pyzdek (2009),
this is what Six Sigma does better, especially through quality function deployment,
a tool used in the first stages of the project.
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According to Byrne and Norris (2003), the DMAIC pattern is perhaps the most
important part of Six Sigma DNA. DMAIC is something unique and it helps in the
deployment of projects without failures; every stage, from Define to Control, is
validated through a “tollgate” check, which can stop the project if the result stage is not
what is expected. Design processes are instead well managed using the DFSS pattern
(Mader, 2002; Coronado and Antony, 2002; Yang and El-Haik, 2009).

Within the DMAIC pattern, Six Sigma teams can use numerous tools dependent on
the scope and the kind of stage. Among these, Six Sigma inherits well-known quality
management tools (Klefsjo et al., 2001; Dahlgaard and Dahlgaard-Park, 2006),
including advanced statistical tools. Six Sigma has also borrowed tools derived from
TPS (George, 2002, 2003; Bendell, 2006). The DMAIC toolset is very open and can be
surely enlarged in the future.

Six Sigma has a strong approach based on facts and data. All the project results are
validated using “sigma level” around the target. In several companies, the finance
department is assigned to calculate and report these savings to senior management.
The results of the project can be submitted to an actual external certification (Pyzdek,
2009) led by auditors. Hahn et al. (2000) are convinced that the disciplined data-driven
approach is the foundation of Six Sigma.

The results of each Six Sigma project should be collected in order to learn from
them. In this way, companies like GE are using a database for the projects and their
features (Slater, 1999) as well as statistics software. Snee and Hoerl (2003) pointed out
that many companies celebrate the Six Sigma teams and spread Six Sigma results to all
the staff; Harry and Schoereder (2000) suggested a specific communication plan to
reach this goal.

In the first years of 2000 Six Sigma encountered lean thinking (George, 2002; Smith,
2003) creating “Lean Six Sigma”. Nowadays it is considered a well-established system
for process improvement as confirmed by several authors (Arnheiter and Maleyeff, 2005;
Kumar et al., 2006; Wedgwood, 2006). The marriage seems to be happy. Indeed,
Six Sigma is problem focused and it assumes that process variation is waste because it
generates defects and COPQ. In addition to design processes, Six Sigma proposes the
interesting DFSS system. Lean thinking, by contrast, is focused on process flow and lead
time and views any activity that does not add value as waste. Therefore, it combines the
“speed” introduced by Lean, and Six Sigma capability of reducing variation.
Nevertheless, in reviewing the authors above mentioned along with George (2002, 2003),
Lean Six Sigma looks more like a DMAIC pattern enhanced with Lean tools than the real
fusion of two systems.

Discussion and comparison about the common characteristics of the
systems
After reviewing the literature and analysing the findings, these latter can be compared
and grouped in order to define the results and the critical implementation factors of the
six systems. Along with the results and benefits, eight common factors have been found
and proposed as shown in the second column from the left in Table I. They are: results
and benefits; management style; deployment of the system; employee management,
deployment and participation; voice of the customer; tools, techniques and IT;
optimisation of the system; day-by-day check and control of the results; review of the
system.
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All the six systems share customer satisfaction as a common tract. COPQ is pursued
in the systems linked to quality such as JTQC, TQM, Deming’s, Six Sigma as well as
Lean but in different ways. JTQC is focused on quality assurance, TQM and Six Sigma
manage COPQ according to Harrington’s (1986) classification who divided them into
external and internal, these latter further divided into prevention, appraisal and
defective costs. Lean considers defectiveness inside the so-called wastes and not-value
added activities, and Deming’s system linked COPQ to process variation, whereas BPR
considers COPQ just one of the costs that can affect profitability. According to Goh
(2002), Six Sigma, like BPR, is a very cost-oriented system and it can sometimes sacrifice
other results to achieve short-term savings.

BPR needs an “autocratic” and aggressive management sometimes more oriented to
short-term results. TQM and Deming’s are the only systems that take care of CSR and
the stakeholders as a whole. Management should be involved and participate in all the
systems. Deming’s is the only system that points out that managers should act like
psychologists, trying to improve internal people’s potential.

JTQC and Lean share the same typical Japanese way of deploying the system
based on hoshin kanri. TQM, Deming’s system and BPR do not suggest a precise way
of deploying, whereas Six Sigma invented the DMAIC pattern. According to Harry and
Schroeder (2000), DMAIC ties up the business level to the operations one and can be
followed for long-term goals as well as short-term projects; for the design processes
Six Sigma suggests the DFSS system.

JTQC, Lean and Deming’s system point out the importance of the respect for
humanity, although Deming’s system is particularly focused on win-win situations and
cooperation instead of competition. Deming’s system in this way emphasises how
intrinsic motivations should be more pursued than extrinsic external motivations.

The quality circles suggested by JTQC, TQM and Deming’s system as voluntary
teams for improvement were sometimes experienced as failures in Western culture. The
reasons lie in weak senior managers’ leadership and in an unclear connection with
company strategies (Hayward et al., 1985; Drago, 1988). However, cultural and even
religious influences seem to lie in the participatory manner of managing employees. For
instance, Picken (1987) analysed the influence of the Shinto belief in the innate goodness
of human nature and consequently the intrinsic capacity of people to grow; by contrast,
in Western societies the worker is expected to perform according to external factors.

According to Table I, voice of customers is surely a common critical implementation
factor, even though in Deming’s system it should be followed in accordance to all the
stakeholders’ needs. Lean is particularly demand driven; the orders pull and
synchronise all the processes.

Tools and techniques are more or less the same in JTQC, TQM, Deming’s system and
Six Sigma. They are typical of the quality management world, from the seven basic tools
to the advanced statistical ones. Six Sigma projects are often carried out with specific
statistical software. Deming’s system and Six Sigma promote tools that reduce variation
inside processes and Six Sigma contextualises the tools and techniques strictly within
the DMAIC pattern. Lean offers personalised tools for reducing wastes and to stream the
flow. BPR is based on a massive use of software in order to map, reengineer and
standardise the processes.

The entire system should be performed for all the systems, even though BPR, because
of its nature, can be used for short-term results inside a few processes or departments.
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Six Sigma can also be used for short-term results; however its powerful results in terms
of reducing COPQ are normally reached in the long term.

Indicators are the measures to control the day-by-day results in all the systems. JTQC
takes into account indicators linked to non-conformities as well as quality audits and
corrective-preventive actions. TQM and Six Sigma use COPQ indicators as long as Six
Sigma validates the results of the projects measuring the sigma level or variation around
the target to be achieved. Lean is more focused on the concept of visual control and
promotes its typical indicators such as lead time and OEE. Deming’s system cautions
about the use of targets as indicators, focusing more on the methods to reach
improvements.

The periodical review of the systems in JTQC and lean thinking is mainly based on
hoshin kanri. TQM introduces the self-assessment and benchmarking process whereas
Deming’s system tries to understand if the “theory” which underpins the system
is right in terms of stakeholders’ satisfaction. BPR stresses the cost reduction results as
well as the downsizing of the organisation. Six Sigma wants finance managers to
review and certify the COPQ results and the savings in general. Managers sometimes
can even have recourse to external certification such as financial auditors and
comptrollers.

Lessons learned from the comparison and discussion
Many lessons can be learned from the previous comparison and discussion of the
literature review findings.

First, it seems that TQC in Western cultures has evolved into the TQM system losing
over time its Japanese style. Some authors have claimed that TQM gurus have
sometimes brought confusion to the discussions (Chatterjee and Yilmaz, 1993), other
authors that several projects have been carried out under the TQM umbrella but with a
different approach and results. Patton (1994) even claimed that TQM is more a
philosophy than a precise science. In any case, looking at Table I it can be noted how
TQM, even if it has lost its identity, maintains the typical quality tools and techniques as
does JTQC.

Furthermore, management style, as well as cultural factors, seems to have carried
TQM away from Western companies. Deming (1993) listed the mistakes that Western
management should avoid in order to implement what is called a system of profound
knowledge. From Table I it can be noted how Deming’s system has several points in
common with JTQC and even with lean thinking. However, looking at the very few
papers about Deming’s system, a lack of interest in this system and probably in its
application can be asserted. Deming was one of the fathers of TQM and surely
influenced TQM in Japan; despite that, it is not so clear what TQM in Japan has
inherited from Deming’s system of profound knowledge.

From the late 1990s the number of papers dedicated to TQM began to decrease, in the
meanwhile some authors claimed that the new “fad” Six Sigma was borne (Näslund,
2008). However, the findings of this paper do not lead in this direction. Six Sigma is not a
fad; rather it could be an evolution of systems that have not succeeded in adapting
themselves to Western culture, in particular TQM. Indeed, like TQM, Six Sigma tries to
reduce COPQ, it inherits all the TQM tools but it offers a very structured and measurable
pattern, the DMAIC, for improving processes. This is particularly aligned to the Western
thought that expects a worker to perform according to external motivations
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(Picken, 1987). By contrast, companies in Japan believe in the influence of the Shinto
belief in the innate goodness of human nature and consequently the intrinsic capacity of
people to grow.

From the literature it seems that Six Sigma, especially in the USA, has almost
substituted TQM. Nonetheless, how many companies have embraced Six Sigma
leaving TQM and in what circumstances this has happened is still uncertain.

BPR was popular during the 1990s basically because companies needed to downsize
and better apply IT. Nowadays, the use of IT to support business operations is no longer
considered a breakthrough but just a tool and downsizing is just linked to economic
crisis, especially in the USA. Looking again the critical implementation factors in Table I,
Six Sigma is a hierarchical system, that orients employee management towards external
motivations rather than intrinsic, and it can also be used instead of BPR in the
short-period for getting aggressive savings.

In the literature written in English there is no trace of Six Sigma application in
Japanese companies. TQM in the Japanese style is still implemented even though is not
so clear what are the differences, if any, from the original JTQC and how it has been
evolving since.

JTQC and Deming’s system seem to share some critical implementation factors with
Lean as well. This is in part taken for granted considering the same Japanese origin. In
fact from the Table I it can be noted how JTQC shares critical factors such as the use of
hoshin kanri deployment, and the same way of managing employees in terms of respect
for humanity, improvement of human potential as well as quick voluntary teams
similar to quality circles. This is particularly claimed in the original Japanese works of
Ohno (1988) and Shingo (1989).

Combining the “speed” introduced by Lean and the Six Sigma capability of reducing
variation, Lean Six Sigma seems to be a well-established system as confirmed by several
authors (George, 2002; Arnheiter and Maleyeff, 2005; Kumar et al., 2006; Wedgwood,
2006). However, from a review of the literature concerning Lean Six Sigma, it seems that
the critical implementation factors of Lean shared with JTQC are not taken into account
or minimised, only the generic involvement of people is underlined in Lean Six Sigma.
Dozens of providers that propose a Lean Six Sigma based certification for Black and
Green Belts can be found on the internet. However, these courses look like a Six Sigma –
DMAIC course enriched with Lean tools and techniques. Unfortunately neither in the
academic literature nor in professional training are there specific references to how to
balance and emphasise the intrinsic factors that can grow people’s potential.

Conclusions
In this paper, literature concerning six important management systems has
been reviewed in order to understand what the results achieved by the systems and
the critical implementation factors of each of them are. The results and the critical
implementation factors have been grouped in Table I using the PDCA cycle, showing
thus a possible way of implementing the systems. Furthermore, the comparison and
discussion of the findings shown in Table I has led to important conclusions and
remarks.

First it seems that in Western cultures TQC has evolved into the TQM system
gradually losing its Japanese style. Nowadays TQM has lost its identity but it maintains
the typical quality tools and techniques of JTQC.
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Deming’s system of profound knowledge is an interesting guideline for Western
managers, however, it has had less success than JTQC, TQM and the other systems in the
literature. Even the influence of Deming’s system on the current Japanese TQM is unclear.

From the end of 1990s Six Sigma seems to have gradually substituted TQM especially
in US companies, even if there is no trace of Six Sigma applications in Japan. Six Sigma
has a more hierarchical approach and for managing people extrinsic motivations are
followed more than intrinsic ones. Six Sigma could also substitute BPR. In fact a
short-term aggressive reengineering project could be managed with Six Sigma – DMAIC.

Last but not least the “marriage” between the Japanese Lean and the American Six
Sigma systems has brought a new acclaimed management system. However, from the
review of the literature Lean Six Sigma seems more like a DMAIC enriched with Lean
tools rather than a Six Sigma in which the Japanese style of managing people is
strongly taken into account.

Agenda for future research
This paper presents some limits mainly due to the fact that is based on a literature
review. Thence, first of all, practitioners and academics could carry out case studies
inside companies that have applied all the six systems or the majority of them. Critical
implementation factors presented in Table I need to be validated and eventually put
under discussion.

In addition this paper enters in the open debate of TQM in Western companies. Surely
TQM has lost its popularity, but for what reasons? Has Six Sigma gradually substituted
TQM in the West because is more suitable for that culture? There is too much theoretical
research, the scientific community needs more case studies concerning companies that
have embraced Six Sigma and left TQM. Using a survey within a sample of companies and
by the means of quantitative inquiries the hypotheses of a changeover from TQM to Six
Sigma could be validated. Furthermore, BPR practitioners could analyse whether the
DMAIC pattern can perform in alternative aggressive and short-term oriented
reengineering projects. Another interesting question arises from this paper. Is there an
interest concerning Six Sigma in Japan? Or do Japanese companies continue implementing,
as emerged from some literature, TQM in their own style? How far is this latter system from
the original JTQC? It could be useful if Japanese practitioners and academics participated
more in this debate proposing Japanese case studies as well as general research.

And what about Deming’s system of profound knowledge? Academics could analyse
whether or not it has left something to be inherited, for instance by Six Sigma.
Practitioners could analyse successful case studies of Deming’s system implementation
along with some of the other systems.

Finally, Lean Six Sigma needs more investigation from academics and practitioners
because the degree of influence of the Japanese style on Six Sigma is unclear. Is it just a
matter of integrating tools and techniques or could it finally be the way to introduce to
Western culture what JTQC, TQM and Deming’s system seems not to have achieved?
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