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Six Sigma - is it for you? 
An In Practice™ Article by Helen Kelly 

 

 

"...Managers from the top downwards ... may be rightly advised that Total Quality 

Management or its Six Sigma variant will greatly improve operational 

effectiveness; they may learn that lean management - stripping the abundant 

waste out of processes - will radically reduce costs and increase speed of 

performance.  But only a minority actually embrace these or any other radical, 

hard-nosed, established management technologies, however great their potential 

benefits."  -- Robert Heller, Global Future Forum  

 

 

Author's note 

At least since 1327 when London weavers established the first Guild, goods 

producers have been concerned about quality.  That is, they wanted to produce 

goods cost effectively yet in line with materials and engineering specifications -- 

and later, in line with customer requirements.  Yet quality never was more a focus 

than after World War II when US manufacturing experts went to help rebuild 

Japan.   

The now-famous initiatives – such as Kanban or Just in Time lean manufacturing - 

succeeded, in large part because Japanese top managers were fully committed to 

understanding the quality processes and practices inside out and putting in the 

time, attention, resource and oversight required directly with employees and on a 

continuing basis.   

Since the post-war period experts have developed more programs and processes 

designed to improve quality.  Those that succeed share one feature:  top 

managers invest time, attention, resource and oversight personally on a 

continuing, not on an intermittent, basis.  This article is about one of the early 

quality initiatives, Six Sigma, which is enjoying a renaissance. I’ve profiled Jack 

Welch’s famous implementation at General Electric in order to demonstrate the 

powerful potential of leadership combined with a rigorous quality initiative like Six 

Sigma or any other.  
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In 1995 Jack Welch, who led General Electric to 

become the most valuable corporation on earth, 

learned from an internal survey that his own 

employees were unhappy with GE’s product and 

process quality.  He had removed hierarchy; he 

had installed a culture of plain speaking and 

where necessary, brutal truth.  So, he knew this 

was a serious matter.    

 

After a time of consultation, Welch decided to try Six Sigma, a statistical approach 

to quality control recommended by the CEO of Allied Signal, a former GE 

manager, trusted friend and Six Sigma advocate.  At the annual meeting of GE’s 

top 500 managers, when the company employed some 300,000 people, Welch 

announced that GE would reach Six Sigma quality levels company wide by the 

year 2000.  Welch implemented Six Sigma metrics, methods and management 

practices faithfully.   

The program did not let him down.  Welch spent $500 million to train 85,000 

people across the company in this quality initiative and reported a return of $750 

million over the initial investment.  He then announced quality as the job of every 

employee and tied 40% of every bonus to Six Sigma targets against five quality 

measures:  customer satisfaction; cost of poor quality; supplier quality; internal 

performance; and design for manufacturability.   Welch grew Six Sigma 

exponentially until he retired in 2001 when he said that Six Sigma had to date 

saved the company $10 billion and “changed the company’s DNA to one whose 

central strand is quality.”    

At the time GE dazzled the corporate world by embracing Six Sigma, the system 

wasn’t new.  In 1987, Motorola had coined and trademarked Six Sigma as a 

catchall for a conventional set of quality improvement processes and tools they 

had been using for some time.  And, there were many aficionado design and 

manufacture enterprises in the US, Europe, Japan and elsewhere that routinely 

used various among quality improvement methods developed as early as 1798. 

However, the press reported Welch’s every breath, so his endorsement set the 

popularity wheels turning and inspired others such as Ford, Caterpillar, Microsoft, 

Raytheon, Siemens, Merrill Lynch, Lear, and 3M to undertake a Six Sigma 

initiative.    

Today Six Sigma is a thriving industry and seems to be on everyone’s tongue.  So 

what is this wonder that relies on nothing sexier than statistics?  How does it work 

to create such impressive results?  Is there a downside?  How do service 

industries use Six Sigma?   And what might it do for you?  
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Six Sigma Means Departure from Customer Requirements  

Sigma is the lower case Greek letter that means standard deviation – 

the degree of difference you might expect between a specification 

you set for an item in production and expected results.  For example, 

if you manufacture cocktail sticks and you set a machine to produce 

finished sticks that are 10cm long, you know that the machine will 

produce sticks anywhere from, say, 9.9cm to 10.1cm, which is OK for appearance 

and packaging. However if your machine routinely produces sticks 10.2cm or 

9.8cm, you will not be able to use those and must fix the production process.  To 

do that you will need to discover the root cause of the problem.  And that’s where 

Six Sigma comes in.  

Six Sigma is a system of analytical tools and practices that help re-jig a process 

until the product aligns with specification, plus or minus the standard deviation.  

The system relies on identifying all the variables in the process and then, using 

statistical analysis and other specialist tools, redefining the process until waste is 

at acceptable levels.  In strict Six Sigma terms, that means no more than 3.4 

waste units per million operations.  In current application, waste is product not in 

line with customer requirements.  

The Ideas in Practice 

To glimpse Six Sigma in action, take a closer look at the 

cocktail stick factory.  Say that among other small wooden 

items, you produce these packages of inexpensive cocktail 

sticks.  Customer research confirms that the sticks should be 

10cm long with points at both ends.  Customers prefer pale 

wood and demand that all the sticks are the same height.  The 

points must be entirely smooth or customers demand refund and switch brands, 

which has an impact on your other products.  Your cost for 100 cocktail sticks is 

$0.20 per package. The wholesaler pays you $0.40 a package and sells on to 

retailers for $0.60 a package whose customers pay $1.25 for a package of 100 

cocktail sticks.   

You set the shop floor machine to produce sticks 10cm long (the specification) but 

know that at best the sticks will be between, say, 9.9cm and 10.1cm.  This 

expected deviation from 10cm is fine, because neither will spoil the appearance of 

uniformity, and at 10.1cm, it will still fit into your packaging. However, there are 

routinely sticks shorter than 9.9cm and longer than 10.1cm – far more than 3.4 per 

million in waste – so you have big problems. If you throw away all the waste, your 

cost of manufacture skyrockets.   
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 Could you change packaging to accommodate many shorter sticks? 

   

 Would it help if you reset the machine to start tapering the point earlier,  

or later? 

 

 Would it help if you reset the machine to make the points themselves longer,  

or shorter? 

 

 Would it help to taper at just one end?  Would the customer still buy? 

  

 You might consider the wood you use.  Would a different or even a more 

expensive wood allow you to maintain both quality and price?   

 

 If you can’t reduce waste on this machine, you may have to buy a more 

expensive one.  That might raise the selling price beyond the optimum yet also 

might produce efficiency that permits you to lower the selling price for precisely 

what the customer wants.   

And so the questions go.  In fact, the practice of rigorously, systematically visiting 

variables and adjusting the process one variable at a time until you achieve no 

more than 3.4 waste per million operations – that’s Six Sigma in its raw state.  

Six Sigma Key Concepts 

This is how General Electric describes the Six Sigma core concepts.  These have 

evolved to customer focus from the manufacturing industry’s focus on optimum 

engineering specifications.  

 Critical to Quality  - attributes most important to the customer  

 Defect - failing to deliver what the customer wants  

 Process Capability - what your process can deliver  

 Variation - what the customer sees and feels  

 Stable Operations - ensuring consistent, predictable processes to improve 

what the customer sees and feels.  

 Design for Six Sigma - designing to meet customer needs and your 

process capability.  

So, Six Sigma Practitioners follow prescribed steps and use specially designed 

tools to redesign processes or design new ones.  But how do you set it up to work 

in practice?   
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Six Sigma Building Blocks – the Improvement Project 

Six Sigma is a problem-solving approach to quality improvement.  The foundation 

is employee commitment and understanding, of which more below.  The building 

blocks are Improvement Projects – once upon a time called Process Capability 

studies.  The Improvement Project, each of which earns its keep by saving the 

organisation at least $230,000 per project, is a set of steps for raising quality 

where results consistently fall outside standard deviation.    

You start a Six Sigma Improvement Project if you notice an unacceptable result – 

say too many short sticks, if we stay with our case - and set about finding the root 

cause.  To do that, you work within one of two Six Sigma methodologies.   

Six Sigma Methodologies - DMAIC and DMADV  

After you identify a project, you select one of two methodologies. The one you 

choose depends upon the kind of problem you’re solving and how serious it is.   

One methodology is DMAIC.  You identify and document all the variables.  Then 

you inspect them one by one, moving on until you find the culprit or culprits, fix the 

problem and confirm that you have fixed it permanently.  The acronym’s initials 

stand for  

 

 Define  

 Measure  

 Analyze  

 Improve  

 Control  

Define the process improvement goals that are consistent with customer 

demands and enterprise strategy.  

Measure processes in question and collect process data, then hold these 

baseline measurements on current process for future comparison.  

Analyze relationship among factors and cause and effect in the process 

results.  

Improve the process based on the analyses and using appropriate tools.  

Control for defect by measuring for variances before final transition to a 

process adjustments.  
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DAMAIC   

One key to DAMAIC success is taking a holistic view and looking beyond the 

obvious for variables.  To illustrate, I’ll continue to consider the problem of the 

cocktail sticks.   

As you search for the root cause of the unacceptable level of defect, in addition to 

documenting machining process variables you would consider who buys and who 

supplies wood and the terms and quality of supply.  You would consider wood 

storage conditions, its hardness and moisture content, the machine’s maintenance 

schedule, the machine operator’s training, the inspection-sampling plan, and the 

temperature and humidity on the shop floor.   

By using complex statistical tools - each designed for a highly discreet aspects of 

process analysis - to find the root cause of defect, people could improve just about 

any process.  (To learn about the Six Sigma statistical analysis tools that help 

determine root cause, for examples the Fishbone Diagram, the Scatter Diagram, 

the Pareto Diagram, Root Cause Analysis, see 

www.ge.com/sigxsigma/glossary.html and www.asq.com, the web site of the 

American Society for Quality.)  

However – and it is a big caution here - in some cases, critics said, the best 

solution isn’t continually working a process but is, instead, a new process.  For 

example, at one medical school hospital, Six Sigma practitioners whose 

Improvement Project was to reduce infection among patients who needed a 

catheter realised that a process for delivering antibiotics at the time of 

catheterisation would be more likely to succeed than reworking the process of 

preparing the environment.  

DMADV 

To accommodate problems that needed a new process rather than an improved 

one, practitioners developed a second core Six Sigma methodology, DMADV, a 

practice of developing new processes that from the outset operate at Six Sigma 

quality levels.  The acronym initials stand for  

 Define  

 Measure  

 Analyze  

 Design  

 Verify  

Define formally the goals of the project that are consistent with customer 

demands and enterprise strategy.  
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Measure CTQs (Critical to Quality, or Critical “Y”), which are elements of a 

process or practice which has a direct impact on quality as the customer 

perceives it.  

Analyze to define design alternatives, create high-level design and evaluate 

design capability to select the best design.  

Design following the complete design cycle and possibly testing via simulation.  

Verify design, set up pilot, implement the new process, and handover to the 

process owners.  There may also be simulations here.  

Returning to our case, following DMAIC you may find that cutting lengths of 

cocktail stick wood to 10cm and then tapering produces 6% waste and that none 

of the variables is at fault.  So you might try a new process.  One idea might be to 

mould the cocktail sticks of plastic.  Then you would have a perfect stick every 

time.  But the customer wants wood, so that’s too far from requirements.   

Since the original process was cutting the sticks to length and then tapering, a new 

process could be to cut and taper at once from a length of wood.  You’d need high 

quality cutting tools; you’d also reduce the number of steps and improve precision, 

and perhaps reduce defect to acceptable numbers.  A new process, rather than 

improvements to the old one, might be better overall.  That’s where DMADV 

comes in.  

Six Sigma Management 

Now that you understand how to identify an Improvement Project and what the 

methodology requires, how do you get Six Sigma up and running?   

First, identify the Improvement Projects. That in itself requires substantial analysis.  

Jack Welch’s stage one analysis showed that GE error rates were ten thousand 

times the Six Sigma quality level of 3.4 defects per million operations.  He 

calculated that these errors cost GE between $8 billion and $12 billion annually in 

inefficiencies and lost productivity.  It took more than a year to do the analysis.  

Then calculate how many people you’ll need to manage the Projects and train 

three levels of managers – Green, Black and Master Black Belts.  These are 

signature names borrowed from the martial arts.   

 A Green Belt manages a series of five-month Improvement Projects, one at 

a time.   

 A Black Belt manages three major quality improvement projects 

simultaneously for two years.  

 A Master Black Belt is a full-time Six Sigma specialist who trains Black Belts 

and coaches Black Belts throughout their two-year assignments.   
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Green Belt training takes four weeks.  Black Belt 

training, which includes statistics, data analysis and 

instruction in Six Sigma tools, takes six weeks.  

Management may invite outstanding Black Belt trainees 

to become Master Black Belts.    

Employees formulate an Improvement Project 

anywhere that results fall below Six Sigma standards.  

The company assigns a Green Belt as the line manager 

and sits the project under the aegis of a Black Belt 

quality initiative.  And that is actually about it for setup.   

Gaining Commitment 

Usually fundamentals are simple to say, and in the case of Six Sigma, it’s quite 

true when people say it’s a matter of common sense.  Naturally, if something goes 

wrong – you’re losing money, customers or employees, say – you want to know 

how to change those results efficiently and profitably.  

What’s required for success with Six Sigma, though, is another matter.  

Passion for Problem Solving 

Part of Six Sigma success is people 

trained in, skilled with, and passionate 

about problem solving. An important part 

of problem solving is deciding what to 

analyse, so Six Sigma needs lateral 

thinkers – who typically aren’t successful 

in hierarchical organisations.  Here’s an 

example.  In Kepner Tregoe’s The Rational Manager, there’s a story about 

an electronic garage door-opening system.  The door it controlled was 

opening randomly throughout the day.  The manufacturer examined the 

electronics but found no fault.  He checked that the neighbour’s opener 

wasn’t on the same frequency; it wasn’t.  He replaced the system but the 

problem remained.  One of the supplier’s employees investigated the 

environment and learned that there was an airport nearby.  His hypothesized 

that a frequency there matched that of the garage door system.  That would 

explain random openings and that was the answer.   

 A Culture of Commitment, Support, and Rewards  

The door-opener employee was excited about deducing the cause of the 

problem and in many small organisations routine problem solving is one of 

the joys.  But how would it work in an organisation – especially in a large 

organisation producing hundreds or thousands of products - where people 

vie for recognition, promotion, and control?   
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After studying Six Sigma initiatives that started up and petered out, it 

appears that Six Sigma has the best chance to survive and thrive under the 

following conditions.   

1. The CEO believes that Six Sigma requires practitioners who show interest 

in - and know absolutely that they have the organisation’s support for - a 

trial/error/learn/try again job where brainstorming and lateral thinking save 

the day.   

2. The CEO believes and explains to everyone that Six Sigma requires time, 

patience, care, system, method and order.  She or he understands and 

explains that it is more the way and the time scale of the research scientist, 

artist, writer and strategic planner, and may appear to be antithetical to the 

quarterly report frame of mind.   

3. Senior and top managers including the CEO and her or his team 

understand, are personally committed to and participate directly and with 

pleasure in Six Sigma training, analytic practices, and oversight.  This is 

ongoing participation by all top managers rather than a set of token 

appearances or time-to-time work.   

4. The culture, set and led by the CEO, is open communication.  A process 

equips managers to hear, discuss and understand ideas from everyone in 

the company.  

5. Management finds the right people for the job, no matter where in the 

company the employee works and irrespective of existing relationships, and 

then ties Six Sigma to the rewards system.   

6. The CEO believes and establishes that Belt jobs are not a soft option.  Six 

Sigma Belt assignments carry equal weight in terms of prestige, status and 

rewards, and if the CEO isn’t careful, sometimes more so.  

Service as well as Manufacturing 

When Jack Welch undertook Six Sigma, GE was already 55% service industries.  

Welch paved the way for Six Sigma in the health, human services, financial 

services, insurance, construction and other non-manufacturing industries. Here 

are some non-manufacturing examples reported by the Institute for Quality 

Assurance.  

 CIGNA Dental reports that Six Sigma helped reduce pending claim volume 

by 50%.  

 North Carolina Baptist Hospital reports that a Six Sigma Process 

Improvement team, charged with getting heart attack patients from the 

Emergency Department into the cardiac catheterization lab for treatment 

faster, slashed forty-one minutes off the hospital’s mean time.   
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 Bank of American, who use Six Sigma for credit risk assessment reduction, 

fraud prevention, and customer satisfaction improvement, report that Six 

Sigma results show more than $2 billion in benefit and 25% increase in 

customer delight.   

Today Six Sigma is most closely associated with meeting and exceeding customer 

expectations rather than with statistical process control.  Variations on the tools 

continue to appear periodically. Consult www.amsup.com for information about 

Design for Manufacture, Lean Manufacturing, TRIZ or Theory of Inventive Problem 

Solving – called the design breakthrough approach of the century -- Geometric 

Dimensioning and Tolerance connected with QS-9000, Robust Design and Robust 

Engineering,  In practice, though, the route to meeting customer requirements via 

quality projects, systematic methods and statistical analysis tools remains 

unchanged.  

 

Further Reading and Six Sigma concepts 

To learn about how Jack Welch inadvertently yet elegantly set the stage for Six 

Sigma success at GE, and the details of Six Sigma implementation, I highly 

recommend these two documents.  

GE’s Two-Decade Transformation:  Jack Welch’s Leadership - A 

Harvard Business School Case 9-399-150 prepared by Professor 

Christopher A. Bartlett    www.hbsp.harvard.edu. The section dealing with 

Welch’s installation of Six Sigma is detailed and the Exhibits include Welch’s 

letter to managers he routinely taught.  Exhibit 11 is Costs and Benefits of 

the Six Sigma Program. You will need an account in order to purchase this 

case. Cost to a business is US $6.50 The academic discount is 40%.  

How Jack Welch Runs GE, Business Week Archives 

www.businessweek.com/1998/23/b3581001.htm. Welch’s thinking about his 

role and responsibilities read a bit like a fairy tale until you turn to the bottom 

line history in Exhibit 5 General Electric’s Performance in Three Eras, HBS 

Case above.  

For a close up look at how a leading global food processing company successfully 

introduced Six Sigma, I recommend this Case from the Richard Ivey School of 

Business, the University of Western Ontario.  

Maple Leaf Foods (A):  Leading Six Sigma Change  Case Reference 

901C32 Ken Mark and Professor Brian Golden. See especially the Exhibits, 

which speak plainly and provide a lot of detail about the role of management 

in Six Sigma success. cases@ivey.uwo.ca  
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To learn more about the quality movement that began in 1798 with Eli Whitney 

and moved to Henry Ford, through post-war Japanese Quality Movement to ISO 

and the Malcolm Baldrige Quality Awards, I recommend  

The Evolution of Six Sigma A look at the innovations that contributed 

to the methodology we call Six Sigma and a glimpse into its future by 

Jim Folaron, J.P.Morgan Chase & Co (Mr. Folaron no longer works at JPM 

Chase.) www.asq.org/pub/sixsigma/past/vol2_issue4/folaron.html  

If you wish to know about more of the Six Sigma tools and/or more about how they 

work and how to use them  

start with the Motorola’s Motorola University web site and General 

Electric’s dedicated web site called Six Sigma.  The GE Website has an 

outstanding Six Sigma Dictionary.  From these two, you can study about 

each of the tools at the American Society for Quality web site and beyond via 

searches.  

For a brief yet pithy recent look at how a Six Sigma Black Belt defines Six Sigma 

and exemplifies its work, see  

Six Sigma – What is Six Sigma? by Phillip H. Williams, Mr. Williams is a 

Certified Black Belt phiwilliams3@cox.net   (unconfirmed email address, but 

you’ll find the article via a Google search)  The article is Copyright 2006 

SixSigma LLC  

For a brief yet pithy explanation of Kan Ban, Lean Manufacturing, Just in Time and 

the quality initiative that originated after World War II 

http://www.vickerseng.com/pg/kanbanproduction.html .  

Some Six Sigma concepts 

Once you have decided which of the two Methodologies you’ll work under – 

DMAIC or DMADV and so whether you will improve an existing process or define 

a new one – you choose tools fit to use in the step-by-step investigation, 

measurement and testing of steps in a process.  

There are dozens of statistical analysis, documentation and control tools. Here I’ll 

list six tools professionals rely on.   It is not my intention to provide even overview 

training in using these tools.  Rather I’ll name them and describe them as Motorola 

describes them.  Readers interested in details may visit http://mu.motorola.com.  

 

Quality Function Deployment (QFD) is a set of procedures to identify, 

communicate, and prioritize customer requirements.  QFD concepts 

originated during the 1960s in the Japanese shipbuilding and automobile 

industries. Dr. Yoji Akao and Shigeru Mizuno first documented QFD in 1978.  
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Cause and Effect Matrix (C&E Matrix) helps Six Sigma teams select, 

prioritize and analyze the data they collect over the course of a project to 

identify problems in a process.  Teams use C&E Matrix in the Measure 

phase of the DMAIC methodology.  C&E helps teams build consensus on the 

potential relationships between factors that affect a process and the output of 

that process.  

Failure Modes and Effects Analysis (FMEA)  Before implementing new 

products, processes or services, Six Sigma teams use FMEA to identify 

ways their new introductions might fail, and then to develop preventative 

measures targeted at the failure scenarios.  An effective FMEA identifies 

corrective actions required to prevent failures from reaching the customer 

and will improve performance, quality and reliability.  

t-test   Six Sigma teams use t-tests to determine the statistical difference 

between two groups, not just a difference due to random chance.  For 

example, a t-test could determine if a plan for a comparative analysis of 

patient blood pressures, before and after they receive a drug, is likely to 

provide reliable results.  W.S Gossett created the t-test while an executive at 

Guinness Brewery to help select the best barley for the beer.  

Control Charts   Six Sigma teams use Control Charts to document and 

analyse variation; that is, to monitor a situation and reflect the status.  

Motorola offers these similes.  A Control Chart is to a process what: an 

annual budget is to company finances; a heart monitor is to cardiac health; a 

thermostat is to room temperature.  The three core components of any 

Control Chart are a centreline, upper and lower statistically determined 

control limits, and performance data plotted over time.   

Design of Experiments (DOE)   is a Six Sigma professional’s statistical 

technique for planning, design, data collection, analysis and interpretation 

strategy.  Sir Ronald A. Fisher developed DOE in the 1920s during field trials 

comparing fertilizers and seed varieties, among other things. Typical 

applications of DOE include the development of new products and 

processes, optimizing the quality and performance of an existing product, 

and optimizing existing processes. 
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