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FACTORS IN THE SUCCESSFUL IMPLEMENTATION OF SIX SIGMA IN

CANADIAN MANUFACTURING FIRMS

by

David Tran

Abstract

The objective of this research is to identify the factors that contribute to the
successful implementation of Six Sigma. Surveys were forwarded to 230 potential
respondents which resulted in a response of 35. Potential respondents were obtained
from the researcher’s own compilation fromb the literature reviewed and from a listing on
the iSixSigma.com website.

Sixteen variables (Financial Support; Integrating Six Sigma to Business Strategy;
Management Involvement & Commitment; Organizational Infrastructure; Integrating Six
Sigma to Human Resources; Integrating Six Sigma to Suppliers; Training; Project
Management Skills; Project Prioritization, Selection, Review & Tracking; Understand Six
Sigma Methodology, Tools & Techniques; Statistical Tools; Rewards; Corporate Culture;
Linking Six Sigma to the Customer; Communication; and Goal Setting) were considered
as distinguishing factors. Further to these variables, four groups were established based
on these variables’ characteristics. These groups included Financing Six Sigma,
Integration Strategy for Six Sigma, Managerial System for Six Sigma and Six Sigma

Educational Underpinnings.
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These independent variables were gauged using five different measures of Six
Sigma success (Financial, Defects Per Million Opportunities, Customer Satisfaction,
Performance of Internal Work Processes, and .Suppliers’ Performance). The factors
leading to success were hypothesized and tested using Stepwise Multiple Linear
Regression Analysis. The analysis reveals that there was a specific grouping which
affected each measure of Six Sigma success the most. For the Six Sigma successes of
Financial and Performance of Internal Work Processes, Managerial System for Six
Sigma affected them the most. For the Six Sigma success of Defects per Million
Opportunities, Customer Satisfaction and Suppliers’ Performance, Integration Strategy

for Six Sigma turned out as the factors that lead to their success the most.
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1.0 Introduction

In the competition intensive world that is today’s marketplace, quality is of the
utmost importance. Quality in production, quality in service and quality in learning is
only the tip of the iceberg when trying to ensure the highest profitability within a
company. Developing a product or service is simply not good enough any longer. In the
21" century the need for conformance and design are essential to ensure the long term
success of any firm. A system Within an organization to promote the elimination of
defects and to increase profitability is vital to the development of a competitive
advantage. One method of achieving such an advantage is through the use of Six Sigma.

Quality has been recognized as an important aspect in a business environment for
a long t{mé but the identification of quality as a core concern has ev‘olved through a
number of changing business conditions, they include: competition, the customer focused
organization, higher levels of customer expectation, performance improvement, changes
in organization forms, changing workforce, information revolution, electronic commerce
and the role of the quality department (Gryna, 2001). Near perfection is the ultimate goal
of Six Sigma. When an organization has achieved true Six Sigma quality, they will have
eliminated defects and non-conformance to virtually zero.

It is to the knowledge of the researcher that there exist only a handful of studies

‘specifically on this area of Six Sigma which deals with the Factors in Successful
Implementation. In one of the few academic papers, Schroder (2000) provides a
definition of Six Sigma and discusses the importance of academic research in this area.

Given that theories on Six Sigma are not in abundance, there is no basis for research

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



other than “best practice” studies. Therefore, in order to conduct research on Six Sigma,
the starting foundation must be the formulation and identification of useful theories that
are related to the Six Sigma phenomenon (Linderman et al., 2002). The study of Six
Sigma especially in medium and large firms is important because Six Sigma is today’s
quality equivalent to TQM in the past. Six Sigma has been such a successful
methodology in the quality field, but yet there has not been many studies done on this
subject. This is precisely the reason why a study of this sort is important. This study will
further the knowledge of the quality field and give firms the understanding to allow for
sustainability and growth in their respective industries.

The focus of this study is to view the different elements that lead to the succeésful
implementation of Six Sigma in order to improve quality and increase profitability for .
medium and large firms in the manufacturing sector. This research examines the extent
of use of Six Sigma in medium and large firms and identifies the key success factors of
Six Sigma. Success of Six Sigma is measured in Financial terms, Defects Per Million
Opportunities, Customer Satisfaction, Performance of Internal Work Processes and in
Suppliers’ Performance.‘ Finally, this research attempts to identify the key factors, in the
eyes of Six Sigma practitioners, which have the most effect on the different types of
measures of success within a Six Sigma organization.

In order to study the success factors of Six Sigma implementation, a model has
been developed. This model proposes a set of variables that influence the success of Six
Sigma implementation which for the purpose of this research is measured in terms of the
five variables mentioned in the previous paragraph. The factors that lead to the measures

of success in Six Sigma include: Financial Support; Integrating Six Sigma to Business
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Strategy; Management - Involvement & Commitment; Organizational Infrastructure;
Integrating Six Sigma to Human Resources; Integrating Six Sigma to Suppliers; Training;
Project Management Skills; Project Prioritization, Selection, Review & Tracking;
Understand Six Sigma Methodology, Tools & Techniques; Statistical Tools; Rewards;
Corpofate Culture; Linking Six Sigma to the Customer; Communication; and Goal
Setting.
The main sections of this thesis are divided into seven different chapters. Chapter
2 begins with a review of literature associated with Six Sigma. The literature review will
consist of a review of previous studies done on Six Sigma along with the foundation of
' the Six Sigma methodology. Chapter 3 presents details on the research objectives, the
investiéétiv’e questions, and a research model together with hypotheses to be tested for
the relationship between the key factors to Six Sigma success and the various measures of
success. Chapter 4 consists of the research methodology that will be used in this study
including the survey instrument, sample and different measures. Data collection and
analysis will be the focus of Chapter 5 while Chapter 6 will present the results of the
study and Chapter 7 will discuss the benefits and limitations of the study including a brief

on implications for future studies.
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2.0 Literature Review

The literature review portion of this paper will be more than just a summarization
of previous studies. As mentioned above, there have not been a lot of studies done
specifically on the topic of this paper. Because of this, the attempt of the literature
review section will be twofold. First it will try to establish a basic understanding of the
Six Sigma’concépts from the definition of Six Sigma to the steps involved in and the
practices surrounding this phenomenon. Second, this section will involve the review of
studies previously done on Six Sigma. Both parts of this chapter are needed to further
support the construction of this thesis as well as lay the foundation to the research herein.
Table 2.0 outlines the different sections of this chapter through which the 'literaturé on

Six Sigma is reviewed.

SECTION CONTENT

2.1 Introduction to the field of quality.

2.2 Presenting the costs of quality.

23 Describes how Six Sigma was started and where it
came from. '

24 Draws up the different definitions of Six Sigma
and the definition used in this study.

2.5 Tools that are a part of the Six Sigma roadmap.

2.6 : The DMAIC methodology explained.

2.7 Touches on the statistics used in Six Sigma
initiatives.

2.8 The DFSS methodology explained.

2.9 Describes what is in the Six Sigma Balanced
Scorecard and how it should be used.

2.10 Discusses the different levels of the belt system
apparent in Six Sigma organizations.

2.11 Presents the results that have been achieved by
larger corporations as a result of Six Sigma.

2.12 Summarizes the differences between TQM and

' Six Sigma.

2.13 Summarizes the differences between ISO 9000
and Six Sigma.

Table 2.0 — Overview of Literature Review Sections
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2.1 Quality

Quality is an essential and distinguishing attribute in products and services. In
today’s marketplace, consumers make quality to be one of the most important aspects in
the products and services that they consume. It has been stated that there have been two
major forces that had a major impact in the need for quality, the Japanese revolution in
quality and the prominence of product quality in the public mind (Gryna, 2001). Gryna
(2001) stated that there have been a number of factors contributing to the need for
quality, they include: product liability cases, concern about the environment, some
major/near disasters, pressure by consumer organizations, the awareness of the role of

| quality in trade, weapons and other areas of international competition.

In the quality domain, there are two major areas where quality initiatives have
paid particular interest to. These areas include quality of design and quality of
conformance. When we are concerned about product features this usually refers to
quality of design, where increasing quality of the design generally leads to higher costs.
Freedom from deficiencies refers to quality of conformance where increasing the quality
of conformance usually results in lower costs. In turn, higher conformance means fewer
complaints and therefore increased customer satisfaction (Gryna, 2001). Emphasizing on
quality has a positive impact on productivity, costs, cycle time and value. This means
that quality is important to the success of any company. There are essentially two types
of problems that are associated with poor quality, they are known -as sporadic and
chronic problems. A sporadic problem is a sudden, unfavorable change to the status quo,
this would require a remedy through restoring the status quo. A chronic problem is a

continuous problem that requires changing the process which in turn changes the status
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quo for the better. A way in which both these types of problems can be helped is through
continuous improvement. Continuous improvement has acquired a broad meaning, it can
be interpreted as to act upon both chronic and sporadic problems and to make
improvement to processes.

Due to the éonsistent problerhs that occur (chronic and sporadic), and due to the
need for customer satisfaction, quality has come to the forefront of a company’s ability to
increase profits. One of the main objectives of a company is being able to satisfy
customers. More and more, customer retention have become a major factor in the
success of an organization. Having higher quality of service/products would allow for
higher customer retenﬁon. Some studies have shown that customer retention results in
above average profits and superior growth in market share. Simmerman (1993) showed
that companies will boost profits by about 100% by just retaining 5% more of their.
customers. For example, an average shopper at a Home Depot store spends about $38
per visit, but if they shop 30 times annually, this totals to $23,000 in the customer’s
lifetime (Behara et al., 1995). The view of customer retention potentials allows
companies to emphasize on the importance of customer retenﬁon and the importance of

quality.
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2.2 Costs of Poor Quality
Quality itself is not the only consideration when wanting to increase profitability.
The costs associated with poor quality should also come into consideration as well. The
costs of poor quality are those costs that are associated to quality that doesn’t necessarily
have tb be. The cost of poor quality can be attributable to numerous areas within a
business. Monetary losses are most prevalent, but the costs associated with productivity
and customer satisfaction must also be looked at as important aspects of quality. In order
to assess the impact of quality on an organization, costs of quality (COQ) measures must
be implemented within the business system to measure the costs of quality. There are
| generally four types of quality costs which are used as the basis of any COQ system
(Berte'aﬁd Nevalainen, 1997): |
1) Prevention costs are the investments to make sure that failures are prevented.
2) Appraisal costs are those seen in measuring, evaluating and auditing products and
services to assure conformance to quality standards and compliance requirements.
3) Internal failure costs are incurred prior to the delivery of product or service to the
customer.

4) External failure costs occur after delivery of product or service to the customer.

The cost of poor quality is the annual monetary loss of products and processes
that are not achieving their quality objectives; companies estimate the cost of poor quality

for several feasons (Gryna, 2001):

e using money based results improves the communication between managers at all

levels

e there are major opportunities for cost reduction which can be identified
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e there is a chance to reduce customer dissatisfaction and the associated threats to

whether or not a product/service can be sold

e measuring this cost provides a way of evaluating the progress of quality

improvement initiatives

e it helps to develop a strategic quality plan which is consistent with organizational -
goals
It has been estimated that US companies find their total cost of quality to be 20%-
40% of sales revenue (Berte and Nevalainen, 1997). It has also been stated that the major
contributors of the COQ is internal and external failure costs. This essentially means that
there is an opportunity for these companies to reduce failure costs and apply the gains to
improve their margins and achieve a competitive advantage. The rationale for vany
improvement project is simple because failures have root causes, causes are preventable
and prevention is almost always cheaper.
J. M. Juran initially introduced the concept of costs of poor quality (COPQ)
(Juran and Gryna, 1988). Juran estimated that “In the United States, close to a third of
the work done consisted of redoing what had been done before. Depending on the nature
of the industry, the COPQ consumed between 20% and 40% of the total effort.” Much
like Juran, Armand Feigenbaum (1991) also proposed the costs of quality concept. He
stressed that COPQ is central to management and engineering of total quality control and
to business strategy planning. Philip B. Crosby (1979) considers “everything that would
not have to be done if everything were done right.” He sees nonconformance as a
bacteria that must be treated with antibodies to prevent problems from recurring (Crosby,

1984).
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Many organizations have elected to follow the teachings of J. M. Juran, Armand
Feigenbaum, and Philip B. Crosby. They applied cost of poor quality programs and
achieved significant savings. For example, the U. S. Customer Operations division
(USCO) of Xerox, in four years, saved more than $200 million when it implemented
costs of quality programs ($53 million in 1989, $77 million in 1990, $60 million in 1991,
and $20 million in 1992) (Carr, 1992). Similarly, Tenneco decreased its failure costs
from $2.9 billion to $1.8 billion, resulting in a rise in operating income of $900 million in
six years due to the improvements made through its costs of quality strategies
(Feigenbaum, 1997). Westinghouse managed to increase its productivity by 15%, reduce

- scrap by 58%, improve cycle time by 66%, decrease returns by 69% and improve service
perforrﬂénc'e by 20% (Gupta and Campbell, 1995). From these few examples, we can
already see that by implementing programs based on reducing the costs of poor quality
can reduce production, design and development costs because money is no .longer spent -
on waste and rework. The savings from these operations -can instead be used to reinvest
in acquiring new technologies and reducing the cost to customers.

When talking about the costs of poor quality, we should also mention that
unsatisfied customers are also very hard to predict. Gryna (2001) stated that
“...customers who have a problem but are unsatisfied with the resolution are unlikely to
repurchase, customers who are very satisfied with the handling of a complaint have a
much higher intention to repurchase and recommend purchase. Some companies seize
upon a complaint as a special opportunity to generate additional sales revenue by
providing dramatic, and memorable, recovery action. Finally note that some satisfied

customers with no problem, will not repurchase.”
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10

2.3 The History of Six Sigma

The quality initiative that was started which eventually became Six Sigma was
initiated in the 1970s. In the 70’s, there was a time when a Japanese firm took over a
Motorola factory and proceeded to make drastic changes. Under the new Japanese
management, the factory had 1/20™ as many defects as they had produced under
Motorola’s management using the same workforce, technology and designs while
lowering costs (Pyzdek, 2003). After observing this, Motorola could clearly see that their
processes were not as optimal as they had originally thought. At the end, Motorola’s
management finally admitted that “Our quality stinks” (Main, 1994).

In the 1980s, besides Motorola who was hurt by the Japanese companies, many
other companies were also being driven out of business by Japanese competitors.
Japanese companies had superior quality and innovative products that made North
American products essentially obsolete. Motorola was only one out of many US
companies who were being hurt by the foreigners. Motorola had to develop a method
that would be able to allow them to compete with the Japanese, but more importantly,
they needed to come up with a quality program that worked, or else face elimination
(Harry and Schroeder, 2000). The new innovative improvement concept that Motorola
developed was called “Six Sigma”. Six Sigma originated at Motorola in the early 1980s
by the late Bill Smith (Lucas, 2002). Bill Smith is considered the father of Six Sigma. -
Mr. Smith was also a senior engineer and scientist at Motorola. He crafted the original
statistics and formula that were the beginnings of the Six Sigma culture (Pavletic and
Sokovic, 2002). Although Bill Smith was the person deemed to have started Six Sigma,

he couldn’t have been able to take Six Sigma organization-wide by himself. He needed a
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11

leader that would support Six Sigma at Motorola. Bob Galvin, who was Motorola’s CEO
at the time, was in full support of the Six Sigma system. Mr. Galvin started the company
on the Six Sigma initiative which eventually led to Motorola being a quality leader
(Pyzdek, 2003). After years of hard work and full dedication to the Six Sigma way, in
1988, Motorola was honoured with the Malcolm Baldrige National Quality Award, and
prior to this, Motorola, for three consecutive years, had spent $170 million on workers’
education and training (Antony and Coronodo, 2002).
Motorola’s Six Sigma success did not just happen overnight. Its succéss was only
evident after much hard work and dedication to the system. After Motoréla’s success
~ became public knowledge, the Six Sigma revolution initiated. Companies such as GE
and Alyl'i'édSignal have taken up the Six Sigma method and have used it to lead
themselves to higher levels of customer service and productivity. Even with the surge of
the IT industry, we can see companies like Seagate, 3Com and Microsoft using the Six
Sigma system. Microsoft has even gone so far as to develop the Microsoft Accelerator
for Six Sigma. The Microsoft Accelerator for Six Sigma provides added functionality
designed specifically for Six Sigma organizations (Pyzdek, 2003). Because Six Sigma
was built on previous quality methodologies, a list of the pioneers of quality and their

contribution is included in Table 2.3.
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Contributor

Contribution to Six Sigma

Philip B. Crosby

Senior manager involvement
4 absolutes of quality management
Quality cost measurements

W. Edwards Deming

Plan-Do-Study-Act (wide usage)

Top management involvement
Concentration on system improvement
Constancy of purpose

Armand V. Feigenbaum

Total quality control/management
Top management involvement

Kaoru Ishikawa

4M (5M) or cause and effect diagram
Company wide quality control
Next operation as customer

Joseph M. Juran

Top management involvement
Quality trilogy (project improvement)
Quality cost measurement

Pareto Analysis

Walter A. Shewhart

Assignable cause vs. chance cause
Control charts
Plan-Do-Check-Act

Use of statistics for improvement

Genichi Taguchi

Loss function concepts
Signal to noise ratio
Experimental design methods
Concept of design robustness

Table 2.3 — Contributors to Six Sigma; Source: Wortman et al., (2001)
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2.4 What is Six Sigma

There is still no universal definition for Six Sigma because it has yet to be
referred to consistently by all practitioners and academics. Its philosophies have been
defined with respect to its statistical prowess while at the same time some definitions try
to make its business applications more apparent. No matter which way you try to define
Six Sigma, it is a methodology using different approaches to come up with the same goal.
A summary of the top Six Sigma definitions are included below from some well known

Six Sigma practitioners:

e A comprehensive and flexible system for achieving, sustaining and maximizing
business success. Six Sigma is uniquely driven by close understanding of customer
needs, disciplined use of facts, data, and statistical analysis, and diligent attention to
managing, improving and reinvesting business processes. (Pande et al., 2000)

e The purpose of Six Sigma is to reduce variation to achieve very small standard
deviations so that almost all of your products or services meet or exceed customer
expectations. (Pande et al., 2002) [Statistical terms]

e Six Sigma is a highly disciplined process that focuses on developing and delivering
near-perfect products and services consistently. Six Sigma is also a management
strategy to use statistical tools and project work to achieve breakthrough
profitability and quantum gains in quality. (Wortman et al., 2001)

e Six Sigma is a rigorous, focused and highly effective implementation of proven
quality principles and techniques. Incorporating elements from the work of many
quality pioneers, Six Sigma aims for virtually error free business performance.
(Pyzdek, 2003)

e The Six Sigma approach is a collection of managerial and statistical concepts and
techniques that focus on reducing variation in processes and preventing deficiencies
in product. (Gryna, 2001)

e Six Sigma is a business improvement strategy used to improve profitability, to drive
out waste, to reduce quality costs and improve the effectiveness and efficiency of
all operations that meet or even exceed customers’ needs and expectations. (Antony
and Banuelas, 2001) [Business Terms]
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i

e Six Sigma is a term that refers to 3.4 defects per million opportunities (DPMO),
where sigma is a term used to represent the variation about the process average.
(Antony and Banuelas, 2002) [Statistical Terms]

e Six Sigma is a philosophy to continuously reduce variation in processes and aim at
the elimination of defects or failures from every product, service and transactional
process (Hoerl, 1998)

o Six Sigma is an organized and systematic method for strategic process improvement
and new product and service development that relies on statistical methods and the
scientific method to make dramatic reductions in customer defined defect rates.
(Linderman et al., 2002)

e A quality improvement program with the goal of reducing the number of defects to
as low as 3.4 parts per million opportunities. (Pavletic and Sokovic, 2002)

e Six Sigma is a program and toolkit for improving quality in manufacturing
processes. It is a methodology which aims to reduce variations in a process.
(Prewitt, 2003)

e Six Sigma is a rigorous and a systematic methodology that utilizes information
(management by facts) and statistical analysis to measure and improve a company’s
operational performance, practices and systems by identifying and preventing
‘defects’ in manufacturing and service-related processes in order to anticipate and
exceed expectations of all stakeholders to accomplish effectiveness. (Tonner, 2003)

e Six Sigma is a formal methodology for measuring, analyzing, improving and then
controlling or “locking in” processes. This statistical approach reduces the
occurrence of defects from a three sigma level or 66,800 defects per million
(average for most companies) to a Six Sigma level — less than four defects per
million. (Bolze, 1998)

e By definition, Six Sigma is a statistical term that refers to 3.4 defects per million
opportunities (or 99.99966 percent accuracy), which is as close as anyone is likely
to get to perfect. A defect can be anything from a faulty part to an incorrect
customer bill. (Paul, 1999)

e Six Sigma, a comprehensive, statistics-based methodology that aims to achieve
nothing less than perfection in every single company process and product (Paul,
1999)

e Six Sigma is a quality initiative that employs statistical measurements to achieve
3.4 defective parts per million - the virtual elimination of errors. (Murphy, 1998)
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The definitions above sum up quite clearly how vast Six Sigma is. We can
however, see some similarities amongst all of the definitions provided. Six Sigma is
more than just a method by which your organization goes through steps like an assembly
line. Six Sigma is more of a methodology that captures your organization as a complete
system. It utilizes specific leaders that guide the organization at every level imaginable
within your company. Intensive training and leadership are important aspects of the
implementation of Six Sigma. The Six Sigma approach is a collection of managerial and
statistical concepts and techniques that focus on reducing variation in processes and
preventing deficiencies in product (Gryna, 2001). Six Sigma is not only a system of

| impfoving quality; it is a total change of your organizational culture by redefining each
and eVe;y business component within your company. As Pande et al. (2002) put it “Six
Sigma is not just about data tools and defect calculations. Nor is it just about having
people work in teams. Teams alone cannot change corporate structures.”

As in statistics, variation in a process is denoted by the term sigma. Sigma is the
standard deviation of measurements around the process mean. In a process that has
achieved Six Sigma capability, the variation is small compared to the range of the
specification limits. There are six standard deviations between the process mean and
either specification limit.

The crucial aspects of the corporate-level preparation for the Six Sigma
methodology inclﬁde establishing key business performance measurements, ensuring
organizational effectiveness, readying the organization for Six Sigma, and establishing
goals for improvement (Gupta, 2004). If an organization is able to put into place this

foundation for Six Sigma, then it has the potential to generate sustained success, set a
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performance goal for everyone in the company, enhance value to customers, accelerate
the rate of improvement, promote learning and be able to execute strategic change (Pande
et al., 2000).

There have been many different definitions of Six Sigma provided by many
authors previous to this paper. For the purposes of this paper, we will sum up what Six
Sigma is by the fact that Six Sigma is a disciplined methodology that encapsulates the use
of statistical analysis and the processes of an organizational system to perfect products
and services. Because of this, we will define Six Sigma in its natural elements, that of its
business elements and that of its statistical characteristics.

Business Definition: Six Sigma is a methodology used to increase the proﬁtability :
of a system by optimizing business processes through the use of incremental improvement
projects.

- Statistical Definition: Six Sigma is a methodology used to reduce variation with
small standard deviations. in order to ultimately achieve 3.4 defects per million:
opportunities..

The author belieyes that this definition covers all elements of Six Sigma in two
simple phrases. At this point in time, it:should be noted that Joseph M. Juran stated that
“all quality improvement occurs on a project by project basis and in no other way” can be
considered an important element in the foundation of Six Sigma. To put Six Sigma in
perspective, when we consider spelling errors, three sigma corresponds to 7.6 misspelled
words per page in a book; four sigma corresponds to about one misspelled word per
chapter in a book; Six Sigma in turn is considered to be one misspelled word in all the

books contained in a small library (Behara et al., 1995).
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2.5 The Six Sigma Roadmap
When implementing Six Sigma in any organization, a good way to go about it is
to design a Six Sigma Roadmap that will guide you through the entire execution of Six
Sigma. A Six Sigma Roadmap can be thought of as the DMAIC (Define, Measure,
Analyze, Improve, Control) methodology which is followed by many in their quest for
Six Sigma quality. The DMAIC methodology outlines a clear-cut sequence of steps that
would guide an organization through its implementation of Six Sigma. Gross (2001)
stated that “What is needed in an effective Six Sigma implementation is a foad map in
order to provide a structured approach for implementing a Six Sigma program.” The
roadmap is a way to set up a plan so that decision makers can have expectations of the
prograrﬁ;s success. The steps to take in order to develop a Six Sigma roadmap include
(Gross, 2001): appoint a champion, select a cross functional team, develop quantifiable
goals, develop implementation plan (establish training program, address data collection,
develop program maintenance plan), and coordinate the roadmap.
Pande et al. (2000) also stresses the need for a Six Sigma Roadmap and list some
clear advanfages that one can expect from using such:
e A clearer understanding of the business as an interconnected system of processes
and customers
e Better decisions and uses of resources, to get the greatest possible amount of
benefit out of your Six Sigma improvements
o Shorter improvement cycle times, because of better upfront data and selection of

projects
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e More accurate validation of Six Sigma gains — whether in dollars, defects,
customer satisfaction or other measures

e A stronger infrastructure, to support change and sustain results

2.6 The Six Sigma DMAIC Methodology

The foundation of Six Sigma is not completely new. Its origins can be traced
1é)ack to the decades upon decades of quality improvement methodologies. The Six Sigma
methodology itself is built from concepts introduced by W. Edwards Deming — Plan-Do-
Check-Act, or P-D-C-A - which describes the basic logic of data-based process

| improvement (Pande et al., 2000). The Six Sigma DMAIC (Define, Measure, Analyze,
ImprO\‘/e: Cbntrol) methodology is based on Deming’s PDCA idea. It can be thought of
as a roadmap for problem solving and product/process improvement. The DMAIC
methodology is considered to be a newer approach to Six Sigma and is sometimes
referred to as the “Breakthrough Approach” developed by Mikel Harry and Richard
Schroeder (2000) (Gupta, 2004). The DMAIC methodology is the most well known and
most widely used methodology in Six Sigma. Most companies begin implementing Six
Sigma using the DMAIC methodology, and later add the DFSS (Design for Six Sigma,
also known as DMADV or Define, Measure, Analyze, Design, Verify) methodologies
when the organizational culture and experience level permits.
2.6.1 Define |
The Define stage of the Six Sigma methodology is the beginning of the spectrum

for a Six Sigma project. This step’s purpose is to identify potential projects, to select and
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define a project and to set up the project team. Gryna (2001) specified five general steps

of the define stage, they are summarized as:

1.

Identify Potential Projects: This stage includes the nominating, screening and
selection of projects. The focus of this stage should be on the opportunities that
will increase customer satisfaction and reduce COPQ.

Evaluate Projects: The evaluation of projects includes a review which goes
from an analysis of the scope and benefit to an assessment of factors to help set
priorities.

Select Project: The initial project should be a successful one. This is because a
successful project is a form of evidence to the project team that the process
works and helps to build momentum to future endeavors.

Prepare Problems and Mission Statement for Project: Establishing a problem
statement brings to the forefront what it is while allowing to see a planned
outcome. A mission statement is based on the problem statement but it
provides direction to the project team.

Select and Launch Project Team:. Generally, a project team has a sponsor, a
leader, a recorder, team members and a facilitator. An option that may help in
this step is to develop a charter that defines what the team will do and how the

team will function.

This Define phase essentially sets the tone for the entire design project where

management defines the design problem, projects are nominated which are consistent

with overall business strategy and selected based on benefits (De Feo et al., 2002). A
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way to assess the potential projects is to use the Pareto Principle. The Pareto Principle
states that a few contributors to the cost are responsible for the bulk of the cost. These
vital few contributors need to be identified so that quality improvement resources can be

concentrated in those areas.
2.6.2 Measure

The Measure phase of the Six Sigma methodology identifies key product
parameters and process characterized and measures the current process capability. This
phase also concentrates on key customers and their critical needs (De Feo, 2002). The
steps in this stage as outlined by Gryna (2001) include:

1. Measure the baseline performance and verify the project need: 1t is a good idea
”to confirm the size of the problem in numbers because it allows for a clear view
of the problems that you have to deal with. It helps in justifying the time spent
on the project as well as helping to overcome the resistance to accepting and
implementing a remedy.

2. Document the Process: Documenting the process allows for others to see the
problems you’re dealing with. Using tools such as process flow diagrams or
process maps are useful in this stage.

3. Plan for Data Collection: This stage involves an outline of symptoms,
quantification of symptoms and the formulation of theories.

4. Validate the Measurement System: Variation comes in many different ways,
from the process itself or even from the measurement system. Validating the
measurement can involve such things as reproducibility, repeatability, accuracy,

stability, and linearity.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



21

5. Measure the Process Capability: Process capability refers to the inherent ability
of a process to meet the specification limits for a product. Knowing the initial
process capability helps to define the work to be done in the analysis and

improve phases to achieve a capability at the six sigma level.

In the planning aspects of operations it is very important that the processes will be
able to meet the specifications. One way of ensuring that the process can meet
specifications is to use process capability' measurements. A good reason for being able
to quantify process capability is to be able to compute the ability of the process to hold
product specifications. Planners try to select processes with the 6c process capability
well within the specification width; a measure of this relationship is the capability ratio
(Cp)*. Because the average is often not at the midpoint, it is useful to have a capability
index that reflects both variation and the location of the process average, such an »index is
Cpk®. If the average is equal to the midpoint of the specification range, then Cpk is
equaled to Cp. The higher the Cp, the lower the amount of product outside specification
limits, most capability‘ indexes assume that the quality characteristic is normally
distributed (Gryna, 2001). For further explanation of the process capability and the

process capability index please refer to Appendix 1.

! Process capability provides a quantified prediction of process adequacy; it is the measured, inherent
variation of the product turned out by a process. Process capability = +- 3¢ (a total of 66), if the process is
centered at the nominal specification and follows a normal probability distribution, 99.73% of production
will fall within +- 3¢ of the nominal specification (Gryna, 2001).

2 Cp = Capability Ratio = Specification Range / Process Capability = (USL — LSL) / 6s. The Cp index
measures potential capability, assuming that the process average is equal to the midpoint of the
specification limits and the process is operating in statistical control (Gryna, 2001).

3 Cpk reflects the current process mean’s proximity to either the USL or LSL, Cpk is estimated by Cpk =
min [(Xbar — LSL)/3s, (USL — Xbar)/3s] (Gryna, 2001).
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2.6.3 Analyze

The Analyze phase of the Six Sigma paradigm essentially analyzes the past and

current performance data to identify the causes of variation and process performance.
The main purpose of this phase is to select a high-level design from several different
altemétives and develop detailed requirements against which a design will be optimized
(De Feo, 2002). The steps of this again as stated by Gryna (2001) include:
1. Collect and Analyze Data

2. Develop and Test Theories on Sources of Variation and Cause & Effect

Relationships

' A large part of the Analyze phase is to be able td test the theories of management
controllable problems. To do this would require the use of facts, rather than opinions to
reach conclusions about the causes of a quality problem. The factual approach not only
determines the true cause but also helps to gain agreement on the true cause by all of the
parties involved (Gryna, 2001). For a full list of the possible tests that can be done on the
theories developed, please refer to Appendix II for further details.

Ways to test theories that have been developed are to collect new data. Data is
required to be collected in the new processes that have been developed in order to see
how well it is doing as compared to the processes before. Some measures that can be
done include (Gryﬁa, 2001):

e Measurement at intermediate stages of a single operation

e Measurement following non-controlled operations

e Measurement of additional or related properties of the product or process
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e Study of worker methods

In analyzing errors of processes and procedures there will no doubt be some
errors that are attributable to the way things are done. However, not all errors can be
blamed on the processes or even the machines being used. There are also human errors
that management will have to contend with. There arelin general four typbes of errors that
can be attributable to workers, they inciudé inadvertént errorsl, technique errorsz,
conscious errors® and communication errors® outlined by Gryna (2001).

2.6.4 Improve

The Improve phase of Six Sigma essentially designs a remedy, proves its
effectiveness and prepares an implementation plan. In this stage, the team must be ready
to veer back and forth between far out ideas along with the détails of executing a plan
(Pande et al. ,‘ 2002). The steps as outlined by Gryna (2001) include:

1. Evaluate Alternative Remedies: Reviewing the remedies given, assess which of
these are viable and which oﬁes would have the largest impact. The remedy
selectéd should make an improvement on the original problem and it should
optimize both cdmpany costs and customér Ccosts.

2. Design Formal Experiments to Optimize Process Performance (if necessary):

The designing of experiments can include evaluating suspected dominant

! Workers are unable to avoid these errors as they are the basis for human error. Remedies for inadvertent
errors involve two approaches: reducing the extent of dependence on human attention and helping workers
remain attentive to their work at hand.

% Comes about because the worker lacks some essential technique, skill or knowledge needed to prevent the
error from happening. These errors are unintentional, specific, consistent and unavoidable.

* These are knowingly committed by the worker. These errors are witting, intentional and persistent.

* These errors happen due to a lack of communication given to the employee. These errors can be
inadvertent, technique or conscious.
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variables, exploratory experiments to determine dominant variables, production
experiments, response surface experiments and simulation.

3. Design a Remedy: The remedy designed must fulfill the original project mission,
particularly with respect to meeting customer needs. This step identifies
customers, defines their needs and proves the effectiveness of the remedy.

4. Prove Effectiveness of the Remedy: Before any remedy is accepted, it must be

, proven. There are two main steps that can be taken to prove the remedy. Either
by a preliminary evaluation of the remedy under conditions that simulate the real
world and have a final evaluation under real world conditions.

5. Deal with Resistance to Change: Resistance to change is very common in this

’ t;fpe' of implementation, but a way to deal with this resistance is to educate thé
people involved in the change.

6. Transfer the Remedy to Operations: Transferring the remedy to operations may
include revisions in operating standards and procedures. This stage includes
changes in staffing and responsibilities. Additional equipment, materials and

supplies along with extensive training may be involved.

A useful tool in the Improve phase is the use of evolutionary operations or EVOP.
EVOP is based on the concept that every manufactured lot has information to contribute
about the effects of process variables on a quality characteristic (Gryna, 2001). The use
of EVOP introduces small changes into variables according to a planned pattern of
changes, these changes are small enough to avoid a detour from the status quo but large

enough to gradually establish which variables are important.
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The Six Sigma approach makes the use of the Design of Experiments (DOE) as an
important part of its processes. Giving detail to the designing of experiments would
allow easier conformance to quality in the future. Experiments can have numerous
objectives, and the best strategy depends on the objective. DOE allows for establishing
the important variables that affect quality. Using DOE is like setting a concrete plan to
conduct the experiment.

Six Sigma teams have to keep their options open in the Improve stage. They
should not jump at the first solution that comes along (Pande et al., 2002). By jumping
too quickly into an idea that has not been thoroughly thought through can ultimately
bring the team worst off than they had originally started. The lesson here is to be critical
and cautious of the ideas generated before fully implementing the improvement projects.

2.6.5 Control

The Control phase which is the last phase of the Six Sigma methodology is where
the designing and implementation of certain activities to hold the gains of improvement
occur. Statistical Process Control (SPC) is something that can be used in this phase. SPC
is a technique for applying statistical analysis to measure, monitor, and control processes
where the major component is the use of control charting methods (Wortman et al.,
2001). The use of control charts has many benefits. When a control chart shows that a
process is in control and within specification limits, it is often possible to eliminate the
costs relating to inspection (Grant, 1988). The Control phase refers to the process used to
consistently meet standards. The steps according to Gryna (2001) are:

1. Design Controls and Document the Improved Process: Control during operations

is done through use of a feedback loop which is a measurement of actual
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performance, comparison with the standard of performance and action on the
difference.

2. Validate the Measurement System: After setting up the measurement system for
the improved process, it must be evaluated and made capable. This step could
‘include new measurement devices, the collection of new data and additional
training for process personnel.

3. Determine the Final Process Capability: Essentially, this step ensures that the
process capability gained can be held during normal operating conditions. The
process changes implemented should be irreversible.

4. Implement and Monitor the Process Controls: In this step, all of the remedies are
' i‘ﬁipIemented into the operations. The steps menﬁoned above are used to monitor
the processes and product performance. Implementing and monitoring the

improved process is the final step in a quality improvement project.

According to Gryna (2001), the control process is in the nature of a feedback
loop, control involves a sequence of steps: choose the control subject, establish
measurement, establish standards of performance, measure actual performance, compare
actual measured performance to standards and take action on the difference. Pande et al.
(2002) states that the main purpose of the Control phase is quite simple: “once the
improvemeﬁt’s been made and results documented, continue to measure the performance
of the process routinely, adjusting its operation when the data clearly indicates you

should do so or when the customer’s requirements change.”
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2.7 The Statistics of Six Sigma

This section of the Six Sigma literature review deals with the statistics involved
with Six Sigma. However, this section is not an attempt to cover all possible statistical
techniques that can be used in a Six Sigma implementation. Instead, it will provide an
overview as to the different statistical techniques within the Six Sigma system and give
the reader an idea of what can be done within a Six Sigma implementation program.

As we know, a large part of Six Sigma is not necessarily number crunching.
Instead, a very useful tool used in the Six Sigma system is that of Run Charts. Run charts
plot data in a time sequence and analysis is performed to determine if the patterns ¢an be
credited to common causes of variation, or if special causes of variation are present
(Pyzdek, 2003). Run charts should generally be used for preliminary data analysis on a
time scale. It gives the user an insight as to how the process is doing, and could be-a
catalyst to initiating any action in the future.

In statistics, sigma denotes the standard deviation of a set of data; it provides a
measure of variability which indicates how all data points in a statistical distribution vary
from the mean value. When specifications are set at + six sigma the result is a near zero
defect rate. This holds true even when the process mean shifts and when multi-stage
processing is involved. Statistically speaking, Six Sigma is based on the normal
distribution. However, if you were to take true Six Sigma results, it actually translates to
about 2 defects per billion opportunities, this is a far cry from the 3.4 DPMO stated
previously. The reason for this discrepancy was determined by Motorola in their early -
days in developing Six Sigma. Motorola determined, through their own experience, that

processes drift over time and they referred to this phenomenon as the “Long-Term
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Dynamic Mean Variation”, where this variation generally falls between 1.4-1.6 sigma
(Swinney, 2003). Harry and Schroeder (2000) summarizes this 1.5 sigma shift
phenomenon in their own words: "By offsetting normal distribution by a 1.5 standard
deviation on either side, the adjustment takes into account what happens to every process
over many cycles of manufacturing... Simply put, accommodating shift and drift is our
'fudge factor,’ or a way to allow for unexpected errors or movement over time. Using 1.5
sigma as a standard deviation gives us a strong advantage in improving quality not only
in industrial process and designs, but in commercial processes as well. It allows us to
design products and services that are relatively impervious, or 'robust, to natural,
* unavoidable sources of variation in processes, components, and materials.”" A summary

of the defects associated with the various sigma levels is included in Table 2.7:

SIGMA PERFORMAN CE LEVELS
Sigma Level | Defects Per Million
Opportunities (DPMO)
1 690,000
2 308,537
3 66,807
4 6,210
5 233
6 3.4

Table 2.7 - Six Sigma Performance Levels

Many different types of descriptive statistics are involved in assessing Six Sigma

performance and analysis. Typically, descriptive statistics are used to explain properties
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of data from samples (Pyzdek, 2003). Pyzdek (2003) stated three areas of interest in
descriptive statistics within Six‘Sigma: the distribution’s location or central tendency, its
dispersion and its shape. Summarized in Appendix III are a set of common descriptive
statistics used in Six Sigma.

Statistical Process Control (SPC) is another big dimension within the Six Sigma
system. SPC is used to measure a process to ensure that it is within control or within
specification limits. SPC involves the measurement and assessment of variation in a
process, and the efforts made to limit or control such variation (Pande et al., 2000).
There are generally two broad categories of control charts used within SPC, they include
those that are used with continuous data and those used with attributes data (Pyzdek,
2003). As there are numerous types of control charts and uses, a summary of the
different types are displayed in Appendix IV. Pande et al. (2000) summarizes several
indicators of an out of control situation, they include: outliersl, trendsz, shifts/runs3,
cycles/periodicity4 and tendencies’.

Using tests for statistical significance is an extremely important technique to look
for patterns or to test assumptions about data. In Six Sigma, tests of statistical
significance can have various possible applications, including (Pande e al., 2000):

e Verify a problem or significant change in performance
¢ Checking the validity of the data collected
e Determining the type of pattern or “distribution” in a group of continuous data

e Developing a root-cause hypothesis based on patterns

' Any point outside the control limits.

* A series of points continually rising or falling.

* A continuous sequence of points above or below the average.

* A series of points alternating up and down or trending up and down in “waves”.

3 Situations in which the points continually fall close to the center line or to either of the Control Limits.
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e Validating a root-cause hypotheses
Using the Null Hypothesis approach can allow for a test of statistical significance. The
Null Hypothesis is a means to disprove any other explanation that may be different to the
one stated. To statistically test hypotheses, there are a few different methods that one can
choose from including the Chi-Square Test, the #-test, Analysis of Variance (ANOVA) or
Multivariate Analysis (MANOVA).
J Correlation and Regression Analysis is another statistical dimension of Six
Sigma. Correlation and Regression Analysis is a means to analyze the relationships
between two or more factors being studied. The uses of Correlation and Regression

~ Analysis include (Pande et al., 2000):

o ”‘f‘est' root cause hypotheses

e Measure and compare the influence of various factors on the results

e Predict the performance of a process, product, or service under certain conditions
Some of the common uses include (Harnett and Murphy, 1993): correlation coefficient',
correlation percentagez, regression® and multiple regression”.

Obviously, there are endless tools that can be used within Six Sigma. Some
additional tools used in the Six Sigma system includes Design of Experiments (DOE),
Failure Modes and Effects Analysis (FMEA), Mistake-Proofing (Poka-Yoke), Quality
Function Deployment (QFD) and Evolutionary Operations (EVOP). DOE is an

organized method for determining the relationship between factors affecting a process

! A measurement of how well two (or more) variables vary together where a perfect positive correlation
will result to a 1.0 value and the values range from -1.0 to +1.0.

2 Reflects the percent of variation, is essentially a square of the correlation coefficient.

? Used to model and predict the value of the dependent variable on the basis of other measured
characteristics.

% Like regression, but involves the relationship among several factors and the results.
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and the output of that process (Gryna, 2001). “FMEA is a set of guidelines, a process,
and a form to identify and prioritize potential problems (failures)” (Pande et al., 2000).
Poka-Yoke is a way to prevent mistakes before they happen. QFD is “a structured and
disciplined process that provides a means to identify and carry the Voice of the Customer
through each stage of product or service development and implementations. This process
can by deployed horizontally through marketing, product planning, engineering,
manufacturing, service and all other departments in an organization involved in product
or service development” (ReVelle ef al., 1998). EVOP uses a conservative experimental
strategy for continuous process improvement where very few variables are changed in

~ each iteration to limit change and make sure what’s being modified should be modified
(Wortman ef al., 2001).

A major emphasis in Six Sigma is the reduction of variation within a process. It
should be noted however, that the reduction of process variation is not a new concept. It
had been pushed by quality enthusiasts for a long time. Deming and Taguchi had
expressed the importance of variation reduction as the key to improved business
performance. Being able to set clear objectives and deploy these down to lower levels
within the organization is not new and has been discussed by Merli, Kaplan and Norton
among many others (Caulcutt, 2001).

As most practitioners of Six Sigma would agree, statistics in Six Sigma is an
important element‘ to its success. However, it should be noted again that statistics is only
a small part of the entire Six Sigma paradigm. The most important thing is that people
practicing Six Sigma exercise process thinking. In process thinking, outliers in a dataset

are considered to be important information that contributes to knowledge of the process
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behaviour (Maleyeff and Kaminsky, 2002). Maleyeff and Kaminsky (2002) further notes
that you “must continually be reminded that the focus of your analysis is not on
describing the data, but describing the process that generated the data, as this distinction
is critical to the application of process thinking” and will maximize the benefit that the

data will bring to your Six Sigma efforts.

2.8 Design For Six Sigma (DFSS) / DMADV

In the Six Sigma paradigm, the DMAIC methodology is usually thought of first
when thinking of ways to implement Six Sigma. However, there is another methodology
within Six Sigma that is widely used as well. There is often the mention of the DFSS
(Design For Six Sigma) or DMADV (Define-Measure-Analyze-Design-Verify)
methodology. The term Design for Six Sigma is used interchangeably with DMADYV,
where DMADV is the steps used in order to achieve DFSS. DFSS is essentially a
problem prevention tool to avoid the need to fix problems further down the production
chain. DFSS acts to eliminate problems before they occur and it allows the creation of
products that will meet customer expectations under all operating conditions through
robust designs that can be manufactured to the highest quality levels (Olexa, 2003).

Antony (2002) refers to DFSS as a powerful approach to designing products,
processes and services in a cost effective and simple manner to meet the needs and
expectations of the customer while driving down quality costs. Like the DMAIC
approach, Design for Six Sigma uses statistical tools to ppedict and improve quality.

Antony (2002) further notes that it is a methodology to make the introduction of new
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products, processes and services more efficient, reliable and capable of meeting high
customer expectations and requirements.

Design for Six Sigma is said to be the method that is suggested to bring order to
product design. Hockman (2001), Suh (1990) and Paul (1996) noted that 70-80% of all
quality problems are design related. In general, problem solving at the downstream of a
process is more costly and fime consuming than fixing something at the source (Wortman
¢t al., 2001). Simon (2000) gives a 5 step DMADYV process for Six Sigma design which
includes:

e Define: Define the project goals and customer requirements

e Measure: Measure and determine customer needs and specifications
o Ahaiyze: Determine the process options to meet the customer needs
e Design: Design the details for the process to meet the customer needs

e Verify: Verify and validate the design

Due to the different approaches of each methodology, there are specific times
when the DFSS/DMADYV method should be used instead of the DMAIC method. Simon
(2000) sums up when the DFSS/DMADV methodology should be used instead of the
DMAIC methodology:

e A product or process is not in existence and one needs to be developed
e The product or process exists and has been optimized (either by DMAIC or some
other quality initiative) but still does not meet the level of customer specification

or Six Sigma level
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According to Conlin (1998), most companies produce a defect rate between
35,000 and 50,000 per million opportunities, this defect rate equates to a sigma quality
level of 3 to 3.5 sigma.

Antony (2002) stated that in the DFSS methodology, the inputs can be customer‘
needs and wants, business needs, raw materials, and so on. The outputs are quality
products, processes or services. Antony (2002) sees the DFSS methodology in four
stages: identify, design, optimize, and validate where:

1. Identify: This stage ensures that the organization understands the principle for
success.

2. Design: As soon as the organization understands the parameters of design, these
must be translated into the actual design.

3. Optimize: This stage involves the consideration of design to ensure effective
“makeability’” — so that the organization is certain that the product can be
manufactured within the design parameters and within the stated budget.

4. Validate: The final stage checks that the process is complete, valid and will meet
requirements in practice. If this stage suggests that the design of the product does
not meet the required capability, then it is necessary to go back through steps 1, 2

and/or 3.
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2.9 The Six Sigma Business Scorecard

The concept of a Balanced Scorecard was originally developed by Kaplan and
Norton (1992). Kaplan and Norton (1992) stated that “The balanced scorecard is like the
dials in an airplane cockpit: it gives managers complex information at a glance.” They
developed this concept by studying different companies in their environment in order to
see what can be measured in order to allow managers a quick glance at how their
company was doing. The Balanced Scorecard is a way to make managers focus on the
most important measures within their organizations (Kaplan and Norton, 1992). Kaplan
and Norton (1996) took their original idea of the balanced scorecard and developed four

| perspectives from which organizations can create their balanced scorecards, those
includé:lfinzincial, customer, internal business process and learning & growth.

The Six Sigma Business Scorecard is a newly transformed version of Kaplan and
Norton’s original Balanced Scorecard. The Six Sigma Business Scorecard is still
considered a fairly new concept to the Six Sigma paradigm. It incorporates the
methodologies of the Six Sigma system with the underpinnings of a Balanced Scorecard
from traditional business strategy. A key to the understanding of the Six Sigma Business
Scorecard is being able to understand profitability. Gupta (2004) stated that “The Six
Sigma Business Scorecard is a complete corporate performance system that requires
leadership to inspire, managers to improve, and employees to innovate to achieve the
optimum level of ﬁrofitability and growth.”

The Six Sigma Business Scorecard helps in the implementation of Six Sigma by
combining information from the strategic, operational, and execution aspects of the

business. The main purpose of the Six Sigma Business Scorecard is to address the
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purpose of the business, future performance, all business processes and measurements
that can be aggregated to the corporate level (Gupta, 2004). Gupta (2004) states that the
Six Sigma Business Scorecard combines different measurements into seven elements:
leadership and profitability; management and improvement; employees and innovation;
purchasing and supplier management; operational execution; sales and distribution; and
service and growth.

However wonderful the idea of a Balanced Scorecard or a Six Sigma Business
Scorecard seems, there are sbme potential pitfalls of the concepts. Ittner and Larcker
(2003) stated four general mistakes that are related to the Scorecards, and they include:
not linking measures to strategy, not validating the links, not setting the fight
performance targets and measuring incorrectly. Ittner and Larcker (2003) further goes on
to state that organizations are required to develop a causal model, pull together the data,
turn data into information, continually refine the model, base actions on findings and

assess outcomes to avoid the pitfalls stated.

2.10 The Six Sigma Belt System

One of the most distinguishing attributes of Six Sigma is its formal belt system
which is put in place within an organization. The belt system is derived from the
different levels of karate skills apparent in the martial arts. Project Sponsors, Champions,
Master Black Belts, Black Belts and Green Belts serve as role models and influence peers
which contribute to increasing the commitment level for Six Sigma goals (Linderman et
al., 2002). The Six Sigma belt system allows for the systematic monitoring and

management of projects throughout the organization. An important aspect of the belt
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system is that it attempts to mold the organization’s corporate culture and structure. One
way to view the renovation of the new structure is to review the roles of people in the
evolving Six Sigma organization (Pande et al., 2002). The following sections will
explain the roles and purposes for each level of the belt system, as each level is crucial to

the ultimate success of Six Sigma.
2.10.1 Green Belts

Green Belts are considered the most basic level of the Six Sigma belt system. It is
essentially the people in the trenches plowing away at the everyday underpinnings of the
Six Sigma system. Green Belts generally have less training and are usually involved in

| process improvement projects as a team member or team leader (Pavletic and Sokovic,
2002). ‘éreén Belts bring the brain and muscle for collection and analysis of data which
is required to improve processes and they must be willing to: ask “dumb” questions, carry
out instructions for data collection and analysis, listen actively to others, carry out
assignments and review the efforts of the team they are involved in (Pande et al., 2002).
In general, Green Belts should spend about 20% of their working time on projects while
being mainly responsible for: process expertise contribution, data collection, acceptation
and completion of all assigned action items and improvement implementations (Pavletic
and Sokovic, 2002).

An important purpose that Green Belts play is to help Black Belts (Smith, 2003).
They are essentiaily part time improvement specialists that receive less training since
they provide supporting roles on the improvement projects (Linderman et al., 2002) and

are employees who have received enough Six Sigma training to participate in a team, or

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



38

work individually on small scale projects directly related to their own job (Pande et al.,

2002).
2.10.2 Black Belts

In the Six Sigma belt system hierarchy, Black Belts are a level above that of
Green Belts. Black Belts are fully trained Six Sigma experts who lead improvement
teams, work on projects and mentor Green Belts (Pavletic and Sokovic, 2002). Full time
Black Belts lead improvement projects and in general receive about four weeks of
training with certification (Linderman et al, 2002). Members of an organization’s
management team will certify a Black Belt after he or she have led two successful project
teams where one is under the guidance of a Master Black Belt and the other is done Iﬁore
independently (Lucas, 2002). Black Belts can’t simply be a consultant who is hired in to
help out in a project. Black Belts should be committed because if a division or
department fails, then Six Sigma will fail (Lexa, 2003).

There is no magic number that can tell an organization that they have the correct
number of Black Belts. The requirements will change from company to company
depending on the number of projects that it is willing to take on at a given time. Getting
the correct number of Black Belts for your organization is important though simply
because a major cost of Six Sigma is backfilling for the employees who become Black
Belts (Lucas, 2002). Pavletic and Sokovic (2002) stated that Black Belts have to:
develop and manage a detailed project plan; select, teach and use the most effective tools;
schedule and lead team meetings; lead the team in the effective utilization of the Six
Sigma methodology; oversee data collection and analysis; monitor critical success

factors; calculate project savings; track and report milestones and tasks; complete four to
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six projects a year; mentor Green Belts, lead change and disseminate the Six Sigma
visions.

Black Belts are the persons who accepts primary responsibility for the routine
work and results of a Six Sigma project and their responsibilities include (Pande et al.,
2002): reviewing/revising/clarifying the project rationale; working with team members;
selecting or helping to select project team members; identifying and fiﬁding resources

- and data for the team; supporting team members; making sure the team uses its time
effectively; maintaining the team’s project schedule; supporting the transfer of new
solutions or processes; and documenting final project results.

As can be seen here, Black Belts’ responsibilities are plenty and vast. They are
reqﬁirec’l”‘to'serve as role models, to be managers and to act as workers. They need a
diverse set of skills, from an in depth knowledge of Six Sigma methodology to an in
depth knowledge of project and people management.

2.10.3 Master Black Belts

Master Black Belts, as its name states, is the next step up in the belt system from
being a Black Belt. Master Black Belts generally train Black Belts and they mentor them
in their projects while also having to show progress and success to upper management
(Smith, 2003). Master Black Belts receive even further training than Black Belts and
they serve as instructors and internal consultants to the organization (Linderman et al.,
2002).

Becoming a Master Black Belt is no easy task. It requires much work and
dedication to the Six Sigma way. Master Black Belts usually require at least 20

successful pfojects, half of which could be done while they were a Black Belt and the
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