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CHAPTER 4

SIX SIGMA METHODOLOGY

4.1 EVOLUTION OF QUALITY AND QUALITY IMPROVEMENT CO NCEPTS
Introduction

The quality improvement process has been startegl back and can be traced
late 13" century. The quality movement can trace its rdmek to medieval Europe,
where craftsmen began organizing into unions calledis in the late 13th century. Until
the early 19th century, manufacturing in the indaBted world tended to follow this
craftsmanship model. The factory system, with itspkbasis on product inspection,
started in Great Britain in the mid-1750s and giete the Industrial revolution in the

early 1800s.

In the early 20th century, manufacturers beganntbude quality processes in quality

practices.

The birth of total quality in the United States @als a direct response to the
guality revolution in Japan following World War The Japanese welcomed the input of
Americans Joseph M. Juran and W. Edwards Demingratieér than concentrating on
inspection, focused on improving all organizatiopabcesses through the people who

used them.

By the 1970s, U.S. industrial sectors such as anibdes and electronics had

been broadsided by Japan’s high-quality competitidme U.S. response, emphasizing

! http://asq.org/learn-about-quality/history-of-quality/overview/20th-century.html
2 pardeshi Prakash Chandrashekhar, “Human Resource Managent”, Nirali prakashan, Pune, pg 20.2




not only statistics but approaches that embraceckttire organization, became known
as total quality management (TQM). Researcher loae dhrough the below quality

terms;

4.1.1 TOTAL QUALITY MANAGEMENT (TQM)

In TQM, satisfaction of the customer is ensuredy dhrough production of
guality products at a competitive price.
In the words of John Gilbert, “Total Quality Managent is a process designed to focus
on customer expectations, preventing problem, mgld&dommitment to quality in the

workforce and promoting open decision makiig”.

In the few years since the turn of the century,ghality movement seems to have
matured beyond Total Quality. New quality systeragehevolved from the foundations
of Deming, Juran and the early Japanese practrsoofequality, and quality has moved
beyond manufacturing into service, healthcare, atgloie and government sectors. During
1980’s many quality improving concepts came like Sgma, kaizen ,Quality circle, in

1990’s lean production and in 2000 lean six sigma.

} Ramsey J and Roberts, “Perception on Total Quality” proceeding of quality forum IV,Nov, 1992, pg 4



Chart no.

4.1

Differentiation between TQM and Six Sigma,;

Sr. no

Six Sigma

Total Quality Management (TQ

Six Sigma is a focused, systemag

approach based on two stand

methodologies of DMAIC and DMADV.

tifotal Quality Management is
arwblistic approach encompassing

no. of tools.

Six sigma focuses on impacting t

bottomline through breakthroug

improvements.

h&QM  advocates increment

hmprovements based on kaizen

Six Sigma defines a formal, clear

defined organizational infrastructu
consisting of Master Black Belt, Blag

Belt, Green Belt

IYOrganizational infrastructure a
rexot found in TQM

k

Six Sigma utilizes project managemg

approach for identifying an

implementing improvement projects.

dapproach for implementation.

4.1.2Kaizen

>MQM does not specify a forma

M)

a

re

According to Wikipedia (2006), the Japanese usdd€aen is "to take it apart

and put it back together in a better way." Whdaken apart is usually a process, system,

product or service. Importantly, kaizen must operatith three principles in place:



process and results (not results-only); systemidkihg (i.e. big picture, not solely the
narrow view); and non-judgmental, non-blaming (kmsea blaming is wasteful).
Everyone participates in kaizen; people of all Isva an organization. The format for
kaizen can be individual, suggestion system, sgrallip or large group. Kaizen is a daily
activity whose purpose goes beyond improvemeris #lso a process that when done
correctly humanizes the workplace, eliminates haotk (both mental and physical),
teaches people how to do rapid experiments usmgdtentific method, and how to learn

to see and eliminate waste in business processes.

4.1.3 Lean manufacturing

Lean is simply about creating more value for cugaby eliminating activities
that are considered waste. Lean works to createpsospeed by reducing cycle time and
improving efficiency by reducing costs. Any actwir process that consumes resources,
adds cost or time without creating value becomeddlrget for elimination. Unnecessary
complexity adds costs, time, and waste. One ofrtip@rtant aspects of Lean is the focus
on 'system-level' improvements (versus ‘point irmproents’). It's the system-level work
that can dramatically improve a company's bottome liresults. This knowledge,
combined with the understanding of how to removete/groperly, is critical for any

successful Lean implementation.

» Focuses on maximizing process velocity

* Provides tools for analyzing process flow anchgé¢imes at each activity in a process

» Centers on the separation of “value-added” frmon-value-added” work with tools to
eliminate the root causes of non-value-added aietsvand their cost

* Provides a means for quantifying and eliminatimg cost of complexity



Most often Lean and Six Sigma are implemented tegeh service organizations
because you can’t separate quality and speed wim@noving processes. Both are
necessary when working to improve and streamlieewthy service tasks are completed
just as in manufacturing. Six Sigma focuses moregoality, while Lean focuses on
speed by streamlining and reducing complexity.

There are certain aspects where these two diften feach other. They are as

follows;
Chart no. 4.2
Differentiation between Lean Manufacturing and SixSigma;
Sr. no Lean Manufacturing Six Sigma
1. Lean Manufacturing has Japanese origiiix Sigma has a US origin,

which can be traced to the Toyotdeveloped based on the Crosby’'s
Production System (TPS), developed |lphilosophy of “Zero Defect”. Si
the Japanese engineer Taiichi Ohno psigma is a business strategy first
Shigeo Shingo conceptualized by  Motorola
company in the early 1990’s. Bill
Smith  was the first who
formulated the particulars of the

methodology at Motorola.

2. Lean Manufacturing focuses on effectivBix sigma aims for quality
use of resources and elimination of wastégmprovement by  eliminating

variations in processes.




3. Lean Manufacturing makes use |ddix Sigma uses a systema\\tic
Japanese manufacturing practices suchHgAIC methodology for

JIT, pull system, etc. improvement in processes.

4. Lean Manufacturing employs Japanesx Sigma is a data based
guality tools such as Kaizen, Poka Yokepproach and makes extensive use
5S etc. of basic and advances statistical

tools and techniques.

5. Lean Manufacturing architectureThe organizational architecture fopr
compromises multifunctional teams. six sigma includes Champiop,
Master Blac Belt, Black Belt,
Green Belt each one having|a

specific role to play in six sigma

projects
6. Lean manufacturing is more applicable |[dBix sigma is being implemented by
the manufacturing organizations both manufacturing as well as

service industries/ organizations.

Thus these methodologies have made great impagik@igma.
4.2 SIX SIGMA

An historical overview



Motorola receives the credit for creating Six Sightaut the methodology and
concepts are clearly rooted in the quality improgattradition promoted by Deming's
TQM principles and the works of JurarSince then, thousands of companies that have
embraced this philosophy and have achieved immenseess by adopting specific
training and project management pracficae;-

Chart no. 4.3

Companies using six sigma methodology

General Electric GE Capital Motorola

Bank One Lockheed Martin| Dow Chemical

Black & Decker Federal Express DuPont

Johnson & Microsoft National Semiconductor
Johnson

Texas Instruments| Toshiba United Technologies

Apple Computers | General Dynamigc#llied Signal

American Express| Intel IBM

Bank of America Bank of New Capital One Financial
York

Citigroup Deutsche Bank Fidelity

Fleet Bank J.P. Morgan Chag#lerrill Lynch

Morgan Stanley Tower Group Wells Fargo

Hewlett Packard Honeywell

* Chassin MR: Is health care ready for Six Sigma quality? The Milbank Quarterly 1998, pg:565-591.

> Barry R, Murcko A, Brubaker C: The Six Sigma Book for Healthcare:Improving Outcomes by Reducing Errors Chicago,
IIl: Health Administration Press; 2002

6 Brady JE, Allen Theoder T: Six Sigma literature: a review and agenda for future research. Quailty and Reliability
engineering International
6" april, 2006,pg:335-367.



Six Sigma was heavily inspired by six precedingadies of quality improvement
methodologies on the work of pioneers such as SadwlDeming, Juran, Ishikawa,
Taguchi.

Like its predecessor, Six Sigma doctrine asseads th

o Continuous efforts to achieve stable and predietabbcess results (i.e., reduce process
variation) are of vital importance to business sssc

o0 Manufacturing and business processes have chaséicterthat can be measured,
analyzed, improved and controlled.

0 Achieving sustained quality improvement requiresmootment from the entire

organization, particularly from top-level managemen

4.2.1 Origin of Six Sigma:

Six Sigma was born in the 1980’'s at Motorola. B#inith, an engineer at
Motorola’s Communications sector, was quietly wogkibehind the scenes studying the
correlation between product’s reliability and howdtea that product had been repaired
during the manufacturing process. He presentecparpavhich concluded that if a product
was found defective and correlated during the pectidn process, other defects were bound
to be missed and found later by the customer dugagndy use of the product. However,
when the product was manufactured error freearely failed during early use by the
customer. They also found that the foreign competitvere making more reliable products.
As a result, Motorola began to improve the quadityl simultaneously reduce the cost by
focusing on product design and manufacturing. The SSgma architects of Motorola
focused on making improvements in all operationthiwia process. This led to quantum

leap in manufacturing technology in Motorola. Tleempany saved $2.2 billion in 4 years.



In the year 1988, Motorola received the first MaicdBaldrige National Quality Award

from the US government for its improvement recaaddn on Six Sigma program.

4.2.2 Features of Six Sigma:

It has the following important features:

1. Six sigma shifts the paradigm quality as the caisggood business performance and not
the effect. Before 1980’s all process and prodengdrovement techniques were aimed at
continuous improvement of quality. Six Sigma progag that all-round quality
performance(error free performance excellence wathtinuous improvement) is bound
to result in the attainment of the desired busire&®llence in terms of reduction in the
cost of production, Maximizing of customer satisi@c and return on Investment.

2. The philosophy of Six Sigma is to make fewer mistain all the organizational activities
and keep on reducing the mistakes.

3. ltis a business strategy to reduce the cost lynaty good quality.

4. It is a statistical process control technique aimaédchieving total confidence in the
company’'s products and service performances for dhstomers as well as the
management.

5. ltis a philosophy of achieving the ultimate go&l@o it right the first time every time’.

6. It is a performance measure. The sigma and PartvVHBon(ppm) are correlated as

indicated under;

Chart no. 4.4

The sigma levels/ Six Sigma value chart



Sigma Defect Per Million
2 308537

3 66807

4 6210

5 233

6 3.4

Source: Www.SiXxsigmaspc.com
This implies that as compare to theo3performance level, the 4 is ten times
improvement in performance and as compare ¢op&rformance level; the & is 1800
times improvement in performance.

7. Sigma in statistics is used to indicate the stahdawiation. A sigma value indicates the
ability of a process to perform defect free workeThigher the sigma value, the better the
process is performing and the lower the probalttigt a defect will occur.

8. The Six Sigma reduces the defect and variatioménproduct by improving the process
that produces and delivers the product.

9. The Six Sigma is not delegable. The involvemertheftop management is a must.

10.The Six Sigma principles and philosophy are equablylicable to the manufacturing and
the services industry.

11.Six Sigma’s main objectives are reduction of vaiat defects, costs and cycle time,
aimed towards maximization of customer satisfaction

12.The focus of Six Sigma is on the following areas:

i. Independent variable to the process
il. Root cause of any problem and its elimination

iii. Focus is on the inputs to the process and not@oukput.



V. Focus is on the problem and not on the symptom.

V. Focus is in controlling the problem and not on nanimg.

4.2.3 Objectives of Six Sigma
1. Strategic level at the strategic level, the goal of six sigm&oislign an organization to
its market place and deliver real improvementsmms of rupees) to the bottom line.
2. Operational level: at the operational level, the six sigma goal isntave the business
product or service attributes within the zone ofstomer specifications and to

significantly shrink process variation.

4.2.4 Goals /Purpose of Six Sigma:

1. To reduce variation:- the main objective of six sigma practice is to @astonsistency
in performance so that the users and the custota@rsievelop confidence in the quality
and reliability in the products and services ofteby the organization. Six sigma practice
is oriented towards developing a manufacturing @ndérvice set up which has zero

variation in both the product and the process.

2. To reduce defects/rework:ithe principle objective of the six sigma projectdsliminate
or reduce the defects and rejections to practiclp. It is a process control technique.
The Japanese mantra of ‘Muda’ ensures eliminatioallowastage. Any rejection of
rework, saved gets straightway added to the bottoenin terms of the profit of the

organization.



3. To Improve Yield/ Productivity: a single rejection saved is an additional piece
produced. Any time saved in reworking is time méti for effective production of the
products and services, which again adds to theugtodty. It is also an important
objective i.e. to improve the productivity by optim utilization of the men, machin and
material along with the elimination of the sevenstages. Higher productivity leads to
more production, lower cost of production and brefigality and competitiveness in the

marketplace.

4. To enhance customer satisfactioncustomers satisfaction is achieved by providirg th
products and service of right quality, in right gtiy at the right time, right place and at
right cost, fulfilling the customers’ level of cashers’ satisfaction, which is the prime
objective of any organization now a days. By prowyddefect-free products and services
of consistent performance and quality, th six sigpmaject definitely enhances the

customer satisfaction.

5. To improve the bottom Line: the most important objective/goal of Six Sigmaas t
improve the profitability and return on investmdytreduction in the cost of production
and processing by continuous process improvemdrg. Jix Sigma activity improves
substantially the bottom line, without any investtigust by training and changing the
employees’ mindset and garnering their greater lugroent in their work and the
organization.

6. To improve the Top Line: the other immediate purpose or objective of six sigma is
improvement of the organizational reputation in tharket and society at large by

providing products and service of good quality with any deviation in terms of



performance and reliability. This creates a strdmgnd image in the market in the
market, leading to an increase in the sales arainatent of the market leadership
position. Six Sigma projects alos leads to the kbgreent of better work culture, better

relationships with customers and employees andawgs the top line substantially.

4.2.5 Elements of six sigma:

There are three key elements of six sigma procegsivement:

1. Customer: customers define QUALITY. They expect performance, relialyiit
competitive prices, on-time delivery, service, claad correct transaction processing.

2. Processesdefining processes and defining metrics and meagargrocesses is the key
element of six sigma.
Quiality requires looking at business from custosgrérspective i.e. one must look at
defined processes from the outside-in.
By understanding the transaction lifecycle freoe ¢thstomer’s needs and processes, one
can discover what they are seeing and feeling. Wilisgive chance to identify week
areas within a process and then to improve thepeas

3. Employees: The company must involve all employees in six sigpmogram/project.
Company/organization must provide opportunities excentives for employees to focus
their talents and ability to satisfy customers.
This is important in six sigma that all team mensb&nould have well-defined role with
measurable objectives
4.2.6 METHODOLOGY/STEPS INVOLVED IN SIX SIGMA:
The methodology of Six Sigma consistsRMAIC and DMADV cycle. They are as

under;



Methodolgy in
Six Sigma

h 4 h 4

DMAIC DMADV

( Execution ) ( Design Process )

— DMAIC = Define, Measure, Analyze, Improve & Control

—> DMADYV = Define, Measure, Analyze, Design & Verify

Fig no 4.1 Methodology in Six Sigma
The SIX SIGMA methodologie

At many companies six sigma simply means a measugaality that strives for ne:
perfection. It is a disciplined, for eliminating fdets in any process coveril
manufacturing and transactions, as well as prodaots services. The fundamer
objectiveof the six sigma methodology is the implementatddra measureme-based
strategy that focuses on process improvement amitiea reduction through th
application of specific projects. This is accomipdid through the use of two six sig
sub-methodalgies, namely DMAIC and DMADV. The DMAIC, which stds for
define, measure, analyze, improve and controlnisngrovement system process

existing processes falling below specification &aking for incremental improveme



and the DMADV (define- measure- analyze design-ifyerapply to the product

development and design at Six Sigma quality leels.

Six Sigma methodologies inspired by Deming's Plandheck-Act Cycle,

comprising five phases each, bear the acronyms [Ovexid DMADV.

DMAIC offers a structured and disciplined process $olving business problerfis.
DMAIC is used for projects aimed at improving anséirg business process, especially

used in manufacturing industries.
DMADYV is used for projects aimed at creating newdarct or process designs.

DMAIC

The DMAIC methodology has five phases:

Define the problem, the voice of the customer, &edproject goals, specifically.

Measure key aspects of the current process andicalevant data.

Analyze the data to investigate and verify causeedfatt relationships. Determine what
the relationships are, and attempt to ensure thistcéors have been considered. Seek out
root cause of the defect under investigation.

Improve or optimize the current process based uptam @halysis using techniques such
as design of experiments, poka yoke or mistakefpr@oand standard work to create a
new, future state process. Set up pilot runs tbéish process capability.

Control the future state process to ensure thatdmwations from target are corrected

before they result in defects. Control systemsimmemented such as statistical process

’ Linderman, K., R.G. Schroeder, S. Zaheer and Af®0C“Six Sigma: A goal-theoretic perspective” arjual
of Operations management, March 2003, vol 21 gitj 293-203
& Darshak A. Desai, Mulchand B. Patel, ““ Impact of Six Sigma in a developing economy: analysis on benefits drawn by Indian
industries”,Journal of Industrial engineering and management, 2009



control, production boards, and visual workplacesl @he process is continuously
monitored.

DMADV

The DMADV project methodology, also known as DFSBegsign For Six Sigma"),
features five phases:

Define design goals that are consistent with custodemands and the enterprise
strategy.

Measure and identify CTQs (characteristics that @ritical To Quality), product
capabilities, production process capability, aséigi

Analyze to develop and design alternatives, creategh-level design and evaluate
design capability to select the best design.

Design details, optimize the design, and plan faigte verification. This phase may
require simulations.

Verify the design, set up pilot runs, implementpheduction process and hand it over to

the process owners.

Fig 4.2
High level DMAIC Improvement methodology

1. Charter



2. Customer needs, requirements
3. High-level process map

Control methods 1. Data collection

plan

. The response pld 2. Plan
Implementation

. Solution generation @ @ 1. Data analysis

. Solution selection 2. Process analysis

. Solution implementation 3. Root causalysis

The steps are discussed as under;

1. Define: in DMAIC methodology, the primary aim is to idegtithe possibilities for
defects or quality problems which can be arrivethedugh the use of different statistical
tools such as regression analysis, chi squaregesthe quality problem which requires
breakthrough solution has to be defined clearlymeasurable terms. The problem
selected should consider the requirements of tstomer and should have relevance to
the company’s business.

2. Measure the second most important step is establishedhef metrics. It is also
necessary to identify and rank the improvement dppdies. First the CTQ (critical to
quality) characteristics of the process have tadbatified in order to focus six sigma on

areas that will have the greatest impact on custsatesfaction.



The output of the process, measured as multiplegso$ix sigma under each CTQ
(existing quality level), has to be recorded sd thefect Per Unit (DPU) is estimated in
Part Per Million (PPM). This is used as the stgrpoints for setting new targets and
proceeding with subsequent steps.
Analyze: at this stage new goals are set, and the routs graated for closing the gap
between current and target performance levelsedtrs with benchmarking key product
performance against the best-in-class so that itireaslevels attained by comparable
processes can be ascertained as the basis foargstst
Then the GAP analysis is conducted to identify fdetors that distinguish best-in-class
processes from those being analyzed so that ths afeehange can be identified.
Statistical tools as well as conventional qualégghniques like brainstorming, root cause
analysis, fishbone diagram, Pareto analysis maysbkd for carrying out the analysis.
Improve: this stages objectives are;

To confirm the key process variables and

Quantify their effects on the CTQ;

Identify the maximum acceptable ranges of spediboa

If the existing quality level is >3 efforts must be directed to improve the procetses

achieve at least3

The transition from 3 to 6c is done on the 2 fronts; first by enlarging theige-

width to accommodate greater variability in thepatitand the second approach is to

make improvements in the process itself so thathiamces of defects are eliminated.

5. Control: the final stage of Six Sigma implementation istdd the gains that have been

obtained from the ‘improve’ stage. In this stages thew process-conditions are

documented, and frozen into systems so that thesgaie permanent. The process is



assessed once more after the setting-in period rderoto check whether the

improvements are being sustained or not.

4.2.7 Similarities and differences between DMAIC ath DMADV
Six Sigma is comprised of various methods that$heipncreasing the effectiveness

and efficiency of business processes. The two casimonly used six sigma methodologies

include DMAIC and DMADV.

DMAIC represents Define, Measure, Analyze, Imprarel Control. DMADV represents

Define Measure, Analyze, Design and Verify. Althbugpth the methodologies have some

common characteristics, they are designed forusiferent business processes.

Similarities

Although DMAIC and DMADV are designed for differetiusiness processes; both the

methodologies have some basic similarities. They ar

1. Both the methodologies use facts and statisticalstéor finding solutions to common
problems, related to quality.

2. Both the methodologies are used for reducing thabeu of defects to less than 3.4 per
million opportunities available for defects occurs.

3. Both methodologies require the service of GreerntsBdélack Belts and Master Black
Belts during the implementation stage.

4. Both concentrate on achieving the financial andri®ss objectives of an organization.

5. Both the methodologies require support from a champnd Process Owner during the
implementation stage.

Differences



Both methodologies have same first initials, bat tls where the similarities end. The major

differences are listed below;

Chart no.4.5

Methodologies differences

Bases of DMAIC DMADV
difference
1. Defining DMAIC is associated with DMADV helps in defining customer
identifying a business proce| needs in relation to a product por
and its applicability service
2. Measuring | It is used for measuring th It is used for measuring the customer
current performance of | needs and specifications
business process
3. Analysis In DMAIC, a business proceg In DMADV, a business process |is
is analyzed to find the roq analyzed for finding options that will
cause of a defect or recurrii help in satisfying the customer needs
problem and specifications
4. Designing Here, improvements are ma( In DMADV, an appropriate business
in the business process f model is designed that helps [in
eliminating defects meeting customer requirements
5. Control In DMAIC, control systems ar{ In DMADV, the suggested business
systems put in place to keep a check { model is put through simulation tests
future  performance of for verifying efficacy in meeting
business process customer needs and specifications.




Thus after the similarities and differences, it t@nconcluded that DMAIC is used on a
process or product that already exists and DMADWSied when a new product or process needs

to be developed to meet customers’ requirements.

4.2. 8 Quality management tools and methods used 8ix Sigma

Within the individual phases of a DMAIC or DMADV @ect, Six Sigma utilizes many
established quality-management tools that are wed outside Six Sigma. The following table

shows an overview of the main methods used.
Chart no.4.6

Quality management tools and methods used in Six@na

> 5Whys » Histograms

» Analysis of variance » ANOVA Gauge R&R
» Quality Function Deployment (QFD) » Pareto chart

» Business Process Mapping » Process capability

» Cause & effects diagram (also known as fishbpne » Regression analysis

or Ishikawa diagram)

» SIPOC analysis SQuppliers, Inputs, Process, » Root cause analysis

Outputs,Customers)

» Chi-square test of independence and fits » Control chart

» Correlation » Cost-benefit analysis|

» CTQ tree » Design of




experiments

» Failure mode and effects analysis (FMEA) » General linear model

~ Source: http://en.wikipedia.org/wiki/List of Sx Sgma_software packagestSoftware used for Sx_Sgma

Six Sigma is a way to measure quality output syaterally and to implement
improvements. The system relies upon statisticeetognize where improvement in a
process is needed. There are three means to evadyatems and make necessary
changes. Six Sigma uses Methods/ methodology, igeds and tools.

A method is simply a way to do anything systemdiicahe technique is the way
to go about a task that may not be apparent. Thés tare either mechanical or

intellectual ways to complete a task.

As discussed earlier was the methodologies of &pn&, the tools for six sigma are

discussed as under;-

1. Process map/mapping:the first key tool is process mapping which isduse measure
and define stages. It is an integrally importamt that helps to understand every aspect
of every input and output. It helps to documentghecess which maintains control and
reduce variation.

Process mappings steps are very simple but extensist of all the inputs and
outputs i.e. steps, cycle time has to get. Witls 8tage company start identifying the
value added and the non-value added factors. Compasto list and classify each step
in this context-digging deeper and deeper to endateone has documented every factor

affecting each step in that process. It is a “liVimlocument ;it helps in document the



process that can maintain control over which cheaarge be alert for variations as they

start to pop up over time.

Process mapping keep critical team members andnesofocused and involved
and help them identify the benefits and opportasitf attacking the bottlenecks, capital

constrains and other problems.

. House of Quality. this stage/step is the framework of the approaehdesign
management known as Quality Function DeploymentDQR is originated in Japan in
1972 at Mitsubishi’s Kobe shipyard and has beereld@ed in numerous ways by Toyota
and its suppliers and many other organizations.

The HoQ provides structure to the design and deweémt cycle, often likened to
the construction of a house, because of the shidpee it may increase the initial
planning time in a particular development projéxitf the overall time including design
and redesign, taken to bringing a product to thekaetawill be reduced.

. Measurement System Analysisth goal of this tool is to ensure that the measwnt
system is statistically confident that its bothuwete and precise each and every time it is
used. This tool is used in measure phase of DMAIGeémethodology. It determines
whether or not to take a certain measurement goehteor reproduce it. Company want
to be sure all its measurement systems functiotspendently and correctly otherwise
risk flaws in the data.

Manager’s role here is to involve all team memlaard to expedite any action
necessary to correct measurement systems; asdjeetprannot move forward.

. Process capability toal at the end of the measure phase in DMAIC, the¢ tasl

deployed is vitally important. Process capabilisythe measure of a process being able to



meet specification requirements and fulfill custor@Q needs on a long term basis.
Capability metrics is thus used to find out whetbemnot the company going to hit the
target without variation.

5. Multivariate study: at the begin of the Analyze phase, multivariateligs may be use
to identify the significant inputs and charactediztde process. Here, how the inputs
affect the output capabilities of the processusligtd. These studies look at sources of
variation within a piece or a batch variation frgmece to piece and variation related to
time to discuss which one contributes the mosh#b variation. Here the collected data

is analyzed to determine the capability, stabdityl relationship between key inputs and
outputs.

6. Hypothesis testing:as continued in analysis phase, the next tool disposal is the
hypothesis testing tool. It is an approach, prooedar making rational decision about
possible causes of a given effect.

It compares things to determine a probability vadne isolate the guilty parties
through measuring process attributes and capabilénd identifying variables that may
affect the CTQ’s that have been developed somengd#sans or hypothesis about the
process. Through a logical sequence of steps, hgpit testing defines the problem,
statistically tests data, selects samples and rdetes whether or not the probability of
defect is caused by random chance. Management kbepgeam members involved,
removing barriers and knowing what the test resaésproducing to keep the focus on
gathering data in short term to develop term tcettgvlong term solutions.

One of the ways to test hypotheses is through lations. Software programs allow
managers to plug in data and conduct “what if"téets to apply the hypotheses.

7. Failure Modes And Effects Analysis(FMEA):



A Failure Modes and Effects Analysis is a technigiiea very strict methodology to
evaluate a system, a design, a process and oviaesér possible ways in which failures
can occur. For each failure and estimate is madks effect on the total system and of its
seriousness. In addition, a review is made of ttieom being taken to minimize the
probability of failure or to minimize the effect d&ilure. Customers place increase
demands on companies for high quality, reliabledpobs. The increasing capabilities and
functionality of many products are making it morgicult for manufacturers to maintain
the quality and reliability. Traditionally, relidty has been achieved through extensive
testing and use of techniques such as probabilistiability modeling. These are the
techniques done in the late stage of developmeérd. challenge is to design in quality
and reliability early in the development cycle.

The FMEA is a logical, structured analysis of atsyg sub-system, device or
process. It is one of the most commonly used rdilpkand system safety analysis
techniques. This simple but straightforward appinozen be very technical (quantitative)
or very non technical (qualitative) and utilizeseta main factors for the identification of
the specific failure. The three factors are;

a. Occurrence

b. Severity

c. Detection.

. Design Of Experiment:

It is a structured, organized method that is usedidtermine the relationship
between the different factors (Xs) affecting a psscand the output of that process (Y).
DOE involves designing a set of ten to twenty ekpents, in which all relevant factors

are varied systematically. When the results ofdhegeriments are analyzed, they help



to identify optimal conditions, the factors thatshmfluence the results and those that do
not as well as details such as the existence efdotions and synergies between factors.

DOE methods require well structured data matriddben applied to a well
structured matrix, analysis of variance deliversuaate results,even when the matrix that
is analyzed is quite small.

DOE is widely used in research and developmentyevadarge proportion of the
resources go towards solving optimization probldime key to minimize optimization
costs is to conduct as few experiments as possiblequires only a small set of

experiments and thus helps to reduce costs.

. Control Plan:

The concluding phase of DMAIC is the control phaBee last tool used is the
control plan, which provides a written descriptiohthe system to control parts and
processes. But a control part is far more tharcaaten of facts and steps. It improves
guality by doing a thorough evaluation of procdsaracteristics and variation sources. It
helps to increase customer satisfaction by focusaspurces on process and product
characteristics that are important to customers.

A control plan is a detailed assessment and gwdamintaining all positive
changes managers, Black Belt and the project teaum made. It ensures all the analysis
and efforts stay in effect and have the informatbithe disposal to prevent backsliding
to less than optimal performance standards.

Control chart is the fundamental tool os stati$foracess control. It indicates the
range of variability that’s built into a processhelps determine whether or not a process
is operating consistently or if a special causedwsirred to change the process mean or

variance.



4.2.9 The Six Sigma Technical Tools:-

The ten (10) most important technical tools whichssgma team members do master as

they progress through the DMAIC methodology. Theydiscussed as under;

Tool 1- The Critical to Quality(CTQ) tree:- the CTQ tree is used during the design

phase of DMAIC methodology. It is used to brainstoand validate the needs and

requirements of customers of the process targeteidnprovement. The steps in creating

a CTQ tree are as under;

a. ldentify the need of the customer

b. Identify the first level of requirements of the deee. some characteristics of the
need that determines whether the customer is hafipythe need.

c. Drill down to more detailed level(s) of the requirent, if necessary.

Tool 2- The Process Map during the define phase, the project team csethte first of
several process maps. A process map is a pictutbeoturrent steps in the process
targeted for improvement.

It has five(5) major categories of work from iddictaition of the suppliers, of the
process, the inputs the suppliers provide, the nafnhe process, the output of the
process and the customers of the process. Eatlesd# steps is summarized as SIPOC to
indicate to the team, the steps that must be caeduo complete a process map.

5 major categories:
» Supplier of the process
» The inputs the suppliers provides

» The name of the process



» The output of the process and

» The customers of the process.

Tool 3- The Histogram- this tool is used in Analysis stage of DMAIC. el project team
member will review data collected during the Measstage of DMAIC.
It is often suggested that the data be organizéd gnaphs or charts to be more easily
understand what the data is saying about the psoces

The data is of two types-Discrete data(e.g. fasigpaand continuous data (time, height

etc).

Tool 4-The Pareto Chart- histogram is useful for continuous data same whgn the data
is discrete, teams create a pareto chart. Disatata is counted dat e.g. off/on, yes/no,
defect/no defect etc.

When dealing with discrete data, the project teaemirer should create reason codes for
why a defect occurs and count and categorize tteeidi® these reasons on codes and Pareto

chart is prepared.

Tool 5-The Process Summary Worksheet The goal of Six Sigma team members while
applying the DMAIC methodology is to improve effieeiness and efficiency. Efficiency is

measured in terms of cost, time, labor, or value.

The process summary worksheet is a ‘roll-up’ of $hé process map indicating which

steps add value in the process and which steps$.don’



Tool 6-The Cause —Effect diagram: the most important tool/technique to assist ttegegut
team in determining root causation is the causeceffliagram. This tool captures all the
ideas of the project team relative to what they déee the root cause behind the current sigma

performance and finally helps in finding a root sawf the problem.

Tool 7-The Scatter Diagram- once ideas have been prioritized after use efcduse and
effect diagram, the most important thing the projeam does is validate the remaining ideas
with fact and data.

The scatter diagram takes an idea about root dansatd tracks corresponding data in
the response the team is trying to improve. Thentean validate an idea about root

causation through a designed experiment, or throlglscatter diagram.

Tool 8- The Affinity diagram:- An Affinity diagram is used to help sort and egdrize a
large number of ideas into major themes or categoli is especially useful when team is
ready to brainstorm solutions in the Improve stafledDMAIC. The steps in creating an
Affinity diagram are;

» Have each member write one idea per post-it nadepast on a wall randomly.

» As ideas are read off for clarification, sort id@a® similar groups.

> Create a header card for each general categodgas$ibelow it.

Tool 9-The Run Chart- the run chart is similar to a camcorder, a rdocw of some process

element over time.



Tool 10- The Control Chart:- Similar to the Run chart, a control chart usesdata from a

run chart to determine the upper and lower contnoits. Control limits are the expected

limits of verification above and below the averagé the data. These limits are

mathematically calculated and indicated by dotieels.

4.2.10 Implementation of Roles in Six Sigma Methodiogy

There are many roles that are used in the Six Sigitnodology. While most of the

roles are used in many organization implementingS$gma Methodology but they are

not universal. Six sigma creates an infrastructoirechampions, master black belts

(MBBs), black belts (BBs) and green belts (GBs)} flead, deploy and implement the

approach.

The roles are as under:

Chart no. 4.7

Implementation of Roles in Six Sig

ma Methodology

No Title Roles Experience and Skills
1 Executive Top-level executives are
Leadership responsible  for  vision and
ultimately implementation of the six
sigma methodology
2 Champion/S | Champion initiates and sponsers @hampions or sponser must e
ponsor Black Belt or team member.this belkexecutive level or key operational
is directly accountable for projectmanager. He/she is often a membey of
results. They align project withorganizational’s leadership council or




business goals.

steering committee.

Master Black

This team is coach, mentor a

ntMaster Black Belt person is generally

Belt trainer to Black Belts. People ar@a proessional six sigma consultant.
expert in Six Sigma methodologyHe  must possess  substantial
tools and processes. This Belt offeexperience  with all the areas
hands on help to Black Belts. Theyentioned under Black Belt.
devote 100 percent of their time [to
Six Sigma

Black Belt It is the most critical role. Without @This team is usually developed fram

qualified Black Belt, the processwithin the organization, but is ré

may fail. They primarily focus o

Six Sigma project execution. Peopl&sually a middle manager or a futu

are skilled as well in Six Sigmamanager is developed from this be

methodology, tools and process

This Belt serves generally from 18he problem solving, data collectic

months to 2 years, and carries out

8 project

nassisted full time to six sigm

4nd analysis. He/she must

organizational savvy. The focus is
leadership/coaching an

understanding of  administratiy

systems and processes.

e$he incumbent must be an expert|i

n

be

on

e




5 Green Belt

This belt is similar to Black Belf

but holds a regular position whi

participating in or leading a six

sigma team. This belt knows basi

application of  Six

management tools.

Sigma

,Similar to black belt.

e

)

6 Yellow belt

Trained in basic application of S
Sigma management tools, wa
with Black Belt throughout the

project stages and are often f

closest to the work.

1%}

XSimilar to black belt.

rk

he

7 Implement--

ation Leader

This people orchestrates entire §

Sigma efforts within ar

organization

Sbnplementation leader is a corpor:
1 VP reporting to CEO. He is often

seasoned professional in quality
organizational improvement

specifically for six sigma efforts.

hire

ate
a

or
d

4.2.11 Features that

include:

Source: www.sixsigma.com

set Six Sigma apart from preous quality improvement initiatives

1. Six sigma strategy places a clear focus on aclgemeasurable and quantifiable financial

returns to the bottom-line of an organization. No sgma project is approved unless the

bottom-line impact has been clearly identified defined.

2. Six sigma strategy places an unprecedented imp@tan strong and passionate leadership

and the support required for its successful depéym



3. Six sigma methodology of problem solving integsatiee human elements (culture change,
customer focus, belt system infrastructure, eted) process elements (process management,
statistical analysis of process data, measurenystéra analysis, etc.) of improvement.

4. Six sigma methodology utilizes the tools and teghas for fixing problems in business
processes in a sequential and disciplined fastiach tool and technique within the six
sigma methodology has a role to play and when, eyhethy and how these tools or
technigues should be applied is the difference betwsuccess and failure of a six sigma
project.

5. Six sigma creates an infrastructure of champiorasten black belts (MBBs), black belts
(BBs) and green belts (GBs) that lead, deploy amgement the approach.

6. Six sigma emphasizes the importance of data andideanaking based on facts and data
rather than assumptions and hunches! Six sigmadqgreople to put measurements in place.
Measurement must be considered as a part of therewhange.

7. Six sigma utilizes the concept of statistical thigkand encourages the application of well-
proven statistical tools and techniques for defextuction through process variability

reduction methods (e.g. statistical process coaindldesign of experiments).

4.2.12 Competitive Advantages Of Six Sigma

Six sigma allows becoming competitive-regionallytianally, or globally. A
company that reduces its costs of doing businessisithe expectations of its customers

more effectively and efficiently, earns a reputatfor quality and fosters a culture of

? Jiju Antony, Some pros and cons of six sigma: @temic perspective, Emerald Group Publishing
Limited , The TQM Magazine Volume 16 - Number 402, DOI 10.1108, pp. 303-306



dedication and pride will certainly enjoy advanm@geer its competitors. It can provide

higher quality outputs at a lower cost. The advgesaare;

1. Design Better Products- six sigma can and does help many companiessigrd®etter

products with less waste and at a lower cost.

2. Improve Quality : six sigma methodology at its best produces omgdion wide synergy,

everyone pulling together to improve quality, casts and drive profitability.

3. Top Down Approach: the top down approach of six sigma means that vehfaund to
be good can be capitalized on and what is fourtsetbad be removed quickly, because
the very top tier of management are involved angeeting change, not running away

from it.

4.3 Reported Benefits Of Implementing Six Sigma

4.3.1 Manufacturing sector

Motorola was the first organization to use the tasimmsigma in the 1980s as part
of its quality performance measurement and imprarnprogram. Six sigma has since
been successfully applied in other manufacturirgaoizations such as General Electric,
Boeing, DuPont, Toshiba, Seagate, Allied Signalladq Honeywell, Texas Instruments,
Sony, etd® The reported benefits and savings are composed paesented from
investigating various literatures in six sigma suanzes the organizations, projects,

benefits, improvements, and savings by implemerttiegsix sigma process.

4.3.2 Financial sector

10 Weiner, M., Six sigma. Communication World 21 (002,pg 26-29.

1 Antony, J., Banuelas, R., Key ingredients for tffeative implementation of six sigma program. Measy Business Excellence,
2002 vol 6 ed4,pg 20-27.



In recent years, finance and credit department paessured to reduce cash
collection cycle time and variation in collectiorerformance to remain competitive.
Typical six sigma projects in financial institut®nnclude improving accuracy of
allocation of cash to reduce bank charges, autonpatyments, improving accuracy of
reporting, reducing documentary credits defectdueang check collection defects, and
reducing variation in collector performanteBank of America (BOA) is one of the
pioneers in adopting and implementing six sigmacepis to streamline operations,
attract and retain customers, and create compEigss over credit unions. It has
hundreds of six sigma projects in areas of crobsgedeposits, and problem resolution.
BOA reported a 10.4 percent increase in custontefaetion and 24 percent decrease in
customer problems after implementing six sigrhAmerican Express applied six sigma
principles to improve external vendor processesl eliminate non-received renewal
credit cards. The result showed an improved sigevallof 0.3 in each casé.Other
financial institutions including, GE Capital CorgR Morgan Chase, and SunTrust Banks

are using six sigma to focus on and improve custageguirements and satisfactioh.
4.3.3 Healthcare sector

Six sigma principles and the healthcare sectowvarg well matched because of
the healthcare nature of zero tolerance for mistaled potential for reducing medical

errors. Some of the successfully implemented sgpmai projects include improving

12 Doran, C., Using six sigma in the credit departménédit Management Dec 2003, 32-34
13 Roberts, C.M., Six sigma signals. Credit Union Mage 70 (1), 2004, pg 40-43.

14 Bolt, C., Keim, E., Kim, S., Palser, L., Servicedlity Six Sigma Case Studies, ASQ’s 54th Annual liu&ongress Proceedings
2000, pp. 225-231.
B Roberts, C.M., Six sigma signals. Credit Union Maga 70 (1), 2004, pg 40-43



timely and accurate claims reimbursem&nstreamlining the process of healthcare
delivery and reducing the inventory of surgical ipguent and related costs. The
radiology film library at the University of Texas DMAnderson Cancer Center also
adopted six sigma and improved service activitresiy'’. Also in the same institution’s
outpatient CT exam lab, patient preparation timeseweduced from 45 min to less than
5 min in many cases and there was a 45 percengaserin examinations with no

additional machines or shifts.

4.7.4. Engineering and construction sector

In 2002, Bechtel Corporation, one of the largeggimgering and construction
companies in the world, reported savings of $200iani with an investment of $30
million in its six sigma program to identify andepent rework and defects in everything
from design to construction to on-time deliveryemfiployee payroff® For example, six
sigma was implemented to streamline the proceseuwtiralizing chemical agents, and in
a national telecommunications project to help opamthe management of cost and

schedule®

4.3.5. Research and development sector
The objectives of implementing six sigma in R&D amgzations are to reduce
cost, increase speed to market, and improve R&Dcgmses. To measure the

effectiveness of six sigma, organizations neecmtnd on data driven reviews, improved

16 Lazarus, I.R., Butler, K., The promise of six sigitanaged Healthcare Executive 2001, 11 (9), 22—-26.

v Benedetto, A.R., Adapting manufacturing-based igimia methodology to the service environment ofdialagy film library.
Journal of Healthcare Management, 2003, 48 (4);-283.

18 Eckhouse, 2003. In Pursuit of Perfection. Becht@fB, August. Available online vidttp://www.bechtel.com/sixsigma.htm
(accessed March 2, 2004).

19 Moreton, M., Featured company: bechtel. ASQ Sga&i Forum Magazine, 2003, 3 (1), 44.



project success rate, and integration of R&D irggutar work processes. One survey
noted that as of 2003 only 37 percent of the redpots had formally implemented six
sigma principles in their R&D organizatith Rajagopalan has reported that the
development and manufacturing of the new protoaip®/.R. Grace (Refining Industry)

was cut to 8-9 months from 11-12 months by impleingrihe DFSS proceg8.

After understanding the six sigma methodology, ftfie chapter deals with the

Research design.

20 Johnson, A., Swisher, B., How six sigma imprové®RResearch Technology Management, 2003, 46 &)15.

21 Rajagopalan, R., Francis, M., Suarez, W., Devetppiovel catalysts with six sigma. Research Teclyylanagement 2004, 46
(1), 13-16.



