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Preface

I love the expression, “There is never enough time for every-
thing, but there is plenty of time for focus.” With today’s 
growing pressures to achieve higher quality and productiv-

ity with fewer resources, there is no time for getting bogged 
down, sidetracked, and frustrated with clutter, trivia, or minu-
tiae. To really succeed in today’s competitive environment, one 
must constantly stay focused on what is truly vital. The key, of 
course, is identifying and isolating the vital from the trivial.

Over the past few decades, I’ve observed organizations 
underutilizing their limited and precious resources on nonvital 
activities. The return on their invested resources (the effective-
ness of these organizations) was inferior to the best-in-class 
organizations and put them at a significant competitive disad-
vantage. They either had the wrong focus or they had no focus 
at all. They needed a new plan. They needed a new strategy, one 
focused on the vital elements that enable excellence in quality, 
productivity, and organizational effectiveness.

These observations inspired me to identify and isolate 
the important characteristics and causes for the success of the 
best-in-class organizations. I then concentrated these success 
characteristics and causes into seven vital elements. Enabling 
Excellence: The Seven Elements Essential to Achieving Compet-
itive Advantage will provide any organization with an important 
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and sound foundation for a quality excellence philosophy and 
strategic plan.

The concepts and principles of this book are universal and 
can be applied to any and all jobs and industries where organi-
zational effectiveness and competitive advantage are desired. 
This book should especially be read by management personnel 
with the authority and resources to implement change.

During the process of planning and writing this book, an 
important objective was the efficient communication of vital 
information. Keeping in mind the famous Albert Einstein 
quote, “If you can’t explain it simply, you don’t understand it 
well enough,” I attempted to make Enabling Excellence easy 
to read, concise, and clear, with just a touch of humor. Many 
pictures and photos have been used throughout the book to help 
describe and clarify concepts. They may also help facilitate and 
improve the reader’s recall of the vital elements and concepts 
presented.

My sincere hope and prayer is that this book will help guide 
and inspire individuals and organizations toward higher levels 
of effectiveness and competitiveness.

xiv	 Preface
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Introduction

	

	 If you can’t explain it simply, 
 	 you don’t understand it well enough.

	 —Albert Einstein
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Cut Through the Clutter and Focus

There is such a plethora of information out there on quality 
excellence that it can be quite overwhelming for the person who 
is just looking for simple, effective guidance. The great num-
ber of books, articles, and speeches describing a wide range of 
techniques, practices, and opinions actually adds more com-
plexity and confusion than clarity.

Clearly, there is just not enough time for everything, but 
there is plenty of time for focus. The aim of this book is to 
reduce and simplify into a vital few basic elements the founda-
tion that will enable excellence and competitive advantage. It 
is also intended to provide guidance and reference for strategic 
and business planning to improve effectiveness, efficiency, and 
consumer loyalty.

State of the Art vs. Perfection

Achieving excellence in a product or service means achieving 
state-of-the-art quality, safety, and value as experienced and 
perceived by the consumer of that product or service. Achiev-
ing excellence does not mean achieving perfection. Just as 
there is no such thing as a perfectly safe product, there is no 
such thing as a perfect product or service. It can always be 
better. Therefore, the goal is to always be at the state-of-the-art 
standard with your product or service. When the right strategy 
is applied, this goal of product or service excellence can be 
readily achieved with certainty.

Comprehension vs. Commitment

It is interesting that new management programs often arrive 
with lots of fanfare, slogans, and management exhortations. 
When this happens, it appears that management’s primary 
objective is to motivate and inspire the organization rather than 
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to provide new tools for easier, more effective job performance. 
It ends up looking like a motivation program that is expected to 
increase everyone’s commitment to quality, efficiency, and pro-
ductivity. Evidently this “increased commitment” is supposed 
to drive folks to increase their efforts and work harder.

Achieving excellence, however, is not about commitment! 
Most organizations are already committed to excellence. If it 
were only about commitment, then just about everyone would 
already be achieving excellence in product and service. People 
don’t need to work harder; they need to work smarter.

Achieving excellence is about comprehension. It is about 
understanding what to do and how to do it. It is about educat-
ing the organization to understand and apply the right tools and 
processes. It is about enabling the organization with compre-
hension, not pushing it for more commitment.

Mistakes vs. Errors

It is important to distinguish between errors and mistakes. An error 
is a defect or a failure to satisfy a specification or requirement. 
Errors are bad. Errors are avoidable. They can be prevented.

To make a mistake is to fail at something new that has not 
only a potentially high return but also a significant risk. Impor-
tant inventions and breakthroughs occur because organizations 
or individuals take significant risks for the potential reward of 
a significant success. Thomas Edison failed thousands of times 
before he finally succeeded in inventing the lightbulb.

The point is that mistakes are good and errors are bad. 
Those who make the most mistakes win. Those who make the 
most errors lose.

The Foundation for Excellence

Over the past several decades, many new business improvement 
programs have appeared with much promise, enthusiasm, and 
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anticipation. Some examples of these programs are statistical 
process control (SPC), total quality management (TQM), quality 
circles, reengineering the corporation, Six Sigma, Lean Manu-
facturing, and Lean Enterprise. Each of these programs, without 
question, offers a significant business improvement opportunity. 
Clearly, some businesses have realized substantial value from 
some or all of these programs, including improvement in pro-
ductivity, quality, cost reduction, and customer service.

Many businesses, however, were disappointed and disillu-
sioned by the relatively little improvement realized from their 
efforts and investment. Why the big difference? Why do some 
companies work so hard and struggle so much yet achieve so 
little improvement in their quest for excellence?

The answer is that the fundamentals are not in place to form 
the foundation for achieving excellence. These businesses are 
trying to build a complicated structure (a business improve-
ment program) on top of an inadequate foundation. The result 
is a structural collapse. The program cannot be supported and, 
therefore, fails to deliver the anticipated results.

There are seven vital elements that make up the foundation 
of any excellence program. With all seven in place, a business 
can thrive, especially in the presence of new improvement ini-
tiatives. When even just one of the elements is missing or inad-
equate, success is jeopardized.

The Seven Vital Elements

The key to achieving sustainable quality excellence can be 
reduced to just seven necessary elements. Those seven ele-
ments, each covered in a separate chapter, are as follows:

Prevention—Eliminating opportunities for error

Consumer focus—Building consumer loyalty

Process capability—A successful mission depends on 
capable processes

•

•

•



Process control—Maintaining balance and control with 
precise, timely adjustments

Variation reduction—Zero variation means no tolerances 
are needed

The Pareto principle—Isolating the vital from the trivial

Breakthrough improvement—Innovation for superior 
product and market share

Each chapter has been constructed to concisely define each ele-
ment and to focus on the key topics that describe each one. 
The idea is to provide a simple, clear, and concise roadmap 
to facilitate a complete comprehension of the foundation for 
excellence. Incorporate these seven elements into your strate-
gic plan and culture and you will enable product excellence. If, 
however, any of the seven elements are missing, then achieving 
sustainable product excellence will not be assured, and quality, 
safety, costs, and schedules will likely be compromised.

To facilitate comprehension of these seven critical elements, 
every attempt has been made to keep the presentations and dis-
cussions simple, brief, and relevant. In the quest for simplicity, 
clarity, and brevity, pictures have been used, where practical, to 
help describe and reinforce the concepts.

Finally, it should be emphasized that all of the concepts 
in this book are universal. They apply to all jobs in all indus-
tries. Throughout the book the term error is often used instead 
of defect because it is a more general term, applicable to all 
jobs, including those in finance, human resources, and sales 
as well as the product creation and operations areas. Also, the 
terms product and product excellence are commonly used, even 
though it is understood that the basic concepts also apply to 
service industries.

•

•

•

•

	 Introduction	 �





	

	 It’s about eliminating opportunities for error.

2
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The Prevention Concept

The concept of prevention is the most important of the seven 
elements essential for achieving excellence. In fact, each of 
the other six elements relates to and significantly supports the 
prevention concept. Prevention means successfully applying 
appropriate tools and processes to prevent the occurrence of 
defects, errors, and waste.

The prevention concept is really about eliminating oppor-
tunities for error. It is about eliminating costs associated with 
poor quality. It is about minimizing the total cost of quality.

All quality costs can be grouped into one of four quality cost 
categories: prevention, appraisal, internal failure, and external 
failure. The total cost of quality is the sum of these four cost 
categories. Figure 2.1 lists the major components associated 
with each quality cost category.

1.	 Prevention—“The Good”

Cost of preparing for an activity so it can be performed 
without error. Examples:

1.1	 Strategic and business planning for quality

1.2	 Developing quality requirements and specifications

1.3	 Developing quality measurements and goals

1.4	 Education and training

1.5	 Quality orientation

1.6	 Design reviews

1.7	 Product qualification

1.8	 New supplier quality evaluations

1.9	 Supplier quality seminars

1.10	 Process capability studies

1.11	 Process control

1.12	 Preventive maintenance

Figure 2.1  Total cost of quality categories.	 (Continued)
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	 (Continued)

2.	 Appraisal—“The Bad”

Cost related to inspecting an output to make sure it is error-
free. Examples:

2.1	 Incoming, in-process, and final inspection and test

2.2	 Product quality audits

2.3	 Maintenance of inspection equipment

2.4	 Materials and supplies for inspection

2.5	 Processing and reporting on inspection data

2.6	 Evaluation of stock for degradation

2.7	 Status measurement and reporting

2.8	 Expense account reviews

3.	 Internal Failure—“The Ugly”

Cost incurred when errors are detected before a product is 
delivered to the customer. Examples:

3.1	 Scrap, including related labor, materials, and overhead

3.2	 Rework to correct defectives

3.3	 Reinspection of reworked products

3.4	 100-percent sorting inspection for defectives

3.5	 Engineering changes to correct a design error

3.6	 Manufacturing process changes to correct deficiencies

3.7	 Scrapping of obsolete product

3.8	 Difference between normal selling price and reduced 
price due to quality

3.9	 Unplanned downtime due to quality failures

3.10	 Inventory shrinkage

3.11	 Non-value-added activities

4.	 External Failure—“The Very Ugly”

Cost incurred when errors are not detected before a product 
is delivered to the customer. Examples:

4.1	 Defective returns

4.2	 Complaint handling

4.3	 Warranty charges

Figure 2.1  (Continued)
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	 (Continued)

4.4	 Product recalls

4.5	 Product liability lawsuits

4.6	 Allowances made to customers due to substandard 
product

4.7	 Profit margin lost due to customer defection for quality

The strategy must be to continually reduce the total cost 
of quality by investing resources in prevention. Resources are 
always scarce and precious, and they should not be wasted on 
appraisal or failure activities. A relatively small investment in 
prevention will yield a huge return in reduced failure costs, 
resulting in the desired reduction of total cost of quality.

The best organizations spend the least on quality. Let me 
state this again for emphasis: The best organizations spend 
the least on quality! They accomplish this by investing in 
prevention.

Play Offense, Not Defense

Prevention is proactive. Prevention plans and prepares for an 
activity so it can be performed without error. It takes appropri-
ate advance action to eliminate opportunities for error. In a real 
sense, prevention is about playing offense.

It may seem obvious, even intuitive, that prevention is the 
right approach to performing an activity. Yet, it is uncanny how 
rarely prevention practices are actually applied. The usual envi-
ronment of great pressure for increased revenue and profit and 
for reduced costs, lead times, and schedules somehow drives 
organizations to play defense. The normal approach becomes 
one of proceeding immediately and prematurely with the activ-

Figure 2.1  (Continued)
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ity and then later wasting huge amounts of time and effort on 
after-the-fact inspection, reworking the defectives, and taking 
corrective action. Ironically, the end result is often poor qual-
ity, high costs, and low profits. There didn’t seem to be enough 
time to do the job the right way the first time, but in retrospect, 
there certainly was enough time to do the job over again.

Change the focus. Do not play defense! It is just too waste-
ful. Take the time and make the effort up front for the proper 
planning and preparation to eliminate opportunities for error. 
Do the right job the right way the first time. Go on the offense! 
There is no sound alternative to prevention.

Prepare for Error-­Free Performance

The image shown of Michael Jordan dunking a basketball is a 
good representation of the prevention concept. Michael Jordan 
is obviously a physically gifted athlete, but it was not physi-
cal talent alone that made him a great basketball player. He 
was also very committed to the game, but it was not his com-
mitment alone that made the difference, either. The thing that 
separated him from the others was his comprehension of what 
must be done to succeed. It was the exceptional preparation 
and training that distinguished Mr. Jordan from the others. His 
outstanding preparation resulted in that ball going through the 
hoop during a critical game situation. His preparation helped to 
prevent errors—in this case, missed shots.

As previously stated, the term prevention means train-
ing, planning, and preparing so an activity can be performed 
without error. It means knowing and doing the right job the 
right way the first time. It means establishing zero errors as the 
quality standard. It is about eliminating opportunities for error. 
It is about preventing surprises. Surprises are not good! See 
Figure 2.2.
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The Two Root Causes of Most Errors

Since a key objective of achieving excellence is to eliminate 
defects and errors, it is instructive to look at the main causes of 
errors. The root cause of most errors can be classified as either 
lack of knowledge or lack of attention.

Lack of Knowledge

It is not the things you do know, but rather the things you don’t 
know that can get you into trouble. The things that you know 
you don’t know aren’t usually a problem because you are at 
least aware that expert assistance is required. The things that 
you don’t know you don’t know are usually the big trouble-
makers. Figure 2.3 shows this graphically. The point is, what 
you don’t know doesn’t have to hurt you. Chapter 8, “Break-

Figure 2.2  Preventing surprises.
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through Improvement,” provides recommendations on how to 
prevent these situations from occurring.

Lack of Attention

Obviously it is impossible to be fully alert 100 percent of the 
time. The question is, how can we assure a complete and thor-
ough job is being performed on critical tasks? The answer is to 
rely on checklists and written operating procedures.

Checklists serve as an indispensable tool to ensure the thor-
oughness and accuracy of important tasks. Just as a pilot uses 
a checklist to make sure everything is complete and correct 
before takeoff, a checklist can be used on most critical jobs. 
Of course, even though a pilot may use a checklist to ensure 
the equipment and flight plans are acceptable, paying attention 
during the flight is also important, as depicted in Figure 2.4.

Figure 2.5 provides a general checklist of hazards that can be 
used for ensuring a comprehensive product safety evaluation. This 
is an example of how checklists can help ensure thoroughness.

A process control procedure such as precontrol is another 
excellent tool that helps facilitate paying proper attention to a 
production process. Precontrol provides guidance on when to 

Don’t know 
you don’t know

Know
you don’t know

Things you
don’t know

Required knowledge

Things you
know

Figure 2.3  Knowing what you do know and don’t know.
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adjust a process and when to leave it alone. When a process 
begins to shift or change, the precontrol procedure calls this to 
our attention so that proper adjustments can be made. Likewise, 
when a process is running properly without any special causes 
of variation, the precontrol procedure instructs us to leave the 
process alone. See Chapter 5, “Process Control,” for a discus-
sion on the precontrol tool.

Anticipate and Eliminate 
Potential Failures

According to U.S. Consumer Product Safety Commission injury 
data, approximately two-thirds of recalls and injuries (safety 
problems) are the result of design defects. Like safety prob-
lems, the majority of quality problems are actually designed 

Figure 2.4  The importance of paying attention in preventing errors.
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into the product. Design defects are especially troublesome 
because, unlike most manufacturing defects, they generally 
affect 100 percent of the units manufactured. It is therefore crit-
ical that potential hazards and failures be thoroughly identified 

Mechanical
Pinch point
Crushing
Shearing
Laceration
Puncture
Drop/Impact
Projectiles
Abrasion
Friction
Entanglement
Entrapment
Stability
Overload
Small parts/Choking
Aspiration
Magnets/Ingestion
Strangulation
Suction
Drowning

Falls
From elevation
Slips
Trips
Uneven surfaces
Falling over
Falling onto
Falling with 

Noise
Continuous
Impulsive

Flammability
Solids/Textiles
Liquids
Gases
Mists/Dusts

Thermal
Hot surfaces
Cold surfaces
Expansion
Contraction
Decomposition

Electrical
Shock
Overcurrent/Fires
Sparks/Arcs
Batteries

Toxicity
Oral
Dermal
Inhalation
Light
Carcinogenic
Allergenicity

Irritation
Eye
Skin sensitization
Corrosion

Radiation
Ultraviolet
Infrared
Laser

Microbiological
Bacteria/Virus
Yeast/Mold
Preservative efficacy
Filth and contamination

Human factors
Strength
Stamina
Reaction time
Human error
Stress
Cognitive overload
Perception

Control
Inadvertent activation
Failure to activate
Inadequate visibility
Ambiguity
Emergency off

Environment
High temperature
Low temperature
Humidity/Rain
Ozone
Ultraviolet radiation
Sand/Dust
Vacuum
Lightning
Fog

Figure 2.5  Checklist of generic hazard categories.
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and evaluated during the design stage of product creation. The 
earlier in the design stage that this evaluation occurs, the more 
effective and economical any issue resolution will be.

To ensure that a design is thoroughly evaluated for potential 
hazards, a hazard identification checklist must be used. A list of 
generic hazard categories that should be considered in develop-
ing a hazard identification checklist is shown in Figure 2.5. The 
hazard identification checklist tool should be constructed and 
continually upgraded as new information becomes available 
and new product experiences occur.

Failure modes and effects analysis (FMEA) is a commonly 
used procedure that examines each component of a product, 
considers how that component can fail, and then determines 
how that failure will affect the operation of the product. This 
procedure affords a deeper understanding of the relationships 
among product components and an opportunity to improve the 
product design by making changes to eliminate the unaccept-
able effects of a failure.

Building a database describing past failure modes, effects, 
and causes will provide a valuable tool for potential failure 
assessment of new designs. This type of database must be con-
tinually updated as new experiences and information become 
available. At a minimum, it will help prevent the recurrence of 
any past substandard designs.

During the early stages of design hazard and failure anal-
ysis, the risk of missing important potential hazards or fail-
ure modes can be minimized by using cross-functional teams. 
Teams made up of individuals from different disciplines can 
be especially creative, innovative, and thorough. Teams can be 
particularly efficient and fast at hazard and failure assessment 
and problem solving. It has been observed that two people 
working together will solve a problem in less than one-half the 
time it takes one person.

Prevention is being vigilant in anticipating and eliminat-
ing potential failures. This means using the hazard identifica-
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tion checklist, FMEA procedure, database of historical failure 
modes and causes, and cross-functional teamwork during the 
earliest stages of product creation and design.

Rely on Certifications

Important elements of prevention are education, training, and 
communication. These are also key ingredients of any certifica-
tion process. In fact, a comprehensive certification process will 
keep you out of the wasteful product-inspection business and 
make your suppliers properly assume primary ownership for 
quality, cost, and delivery performance.

A comprehensive certification process begins with edu-
cating your suppliers on your product, process, and systems 
requirements applicable to the certification. This means your 
requirements and specification must be clearly defined and 
documented. The requirements then need to be reviewed with 
the supplier to make sure there is a full understanding. This 
review may include providing some education for the supplier. 
It may also include follow-up testing to ensure there is suffi-
cient knowledge and understanding.

After the education process, there should be some follow-up 
training to ensure the supplier is properly applying the education 
and achieving the desired results. Once the supplier demonstrates 
this, then the certification may be awarded.

The certification should be valid for a fixed period of 
time, perhaps one year. At the end of the certification period, 
a recertification should be required if both parties want to 
continue the business relationship.

There are different types of certification; some examples are 
product certification, batch certification, personnel certification, 
process certification, and supplier certification. The most effec-
tive certifications, however, relate to process (systems) or per-
sonnel, not to products or batches. Remember, the process that 
creates the product determines product success or failure.
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Finally, it is important to perform routine supplier audits 
to verify continued supplier management and process perfor-
mance. President Ronald Reagan said, “Trust, but verify.” For 
our purposes here, it should be, “Educate, train, test, certify, 
and audit.”

Develop Strategic Partnerships

Most companies have a process for evaluating and approving 
new suppliers. Checklists are often used to ensure the pro-
spective new supplier has adequate production capability and 
capacity as well as important processes and controls in place 
so all requirements can be satisfied. A top 10 list of questions 
for evaluating a potential supplier’s quality capability is shown 
in Figure 2.6.

Probably the most important predictor of success is the atti-
tude and behavior of the supplier’s top management. If they are 
truly committed to completely understanding and completely sat-
isfying all of your requirements, then the probability of success is 
high. Conversely, if they don’t show a lot of interest or if they are 
reluctant to accept your requirements, the probability of success 
is very low.

Once you are satisfied with the supplier and begin working 
with them, it is important to measure and maintain metrics on 
the supplier’s performance. At a minimum, this should include 
both quality (process average percent defective, total cost of 
quality) and delivery (on-time performance, lead-time perfor-
mance). These metrics will allow you to rank each supplier 
based on performance so you can allocate more business to the 
star performers and less business to the poor performers.

All of this is fine and dandy, but what should be the real 
goal with respect to supplier relationships? To ensure maxi-
mum success in the twenty-first century, you must develop 
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strategic partnerships with your top, key suppliers. So, what is 
meant by the term strategic partnership?

A strategic partnership is a commitment by both the supplier 
and the customer (your company) to a long-term relationship 
involving joint business planning and a sharing of strategies, 
costs, and technology. The supplier becomes an extension 
of your company and you ensure a stable order flow to your 

1.	 Is top management committed to completely understanding 
and satisfying all of your requirements?

2.	 Does the supplier have adequate capability and capacity 
to satisfy production quantities, schedules, and product 
specifications?

3.	 Are process capability evaluations documented with 
adequate Cpk values?

4.	 Are real-time process control systems used to allow 
appropriate process adjustments to prevent the 
manufacture of nonconforming product?

5.	 Is there an established and practiced procedure for the 
evaluation, implementation, and control of product and 
process changes?

6.	 Are root causes determined and is prevention-based 
corrective action initiated when an unsatisfactory trend is 
indicated?

7.	 Is there a system for use, calibration, and preventive 
maintenance of test and production equipment?

8.	 Is “good housekeeping” maintained, and are clean, orderly, 
and secure storage facilities used to safeguard materials 
and product?

9.	 Are manufacturing processes well engineered, balanced, 
and lean to minimize work-in-process inventory, handling, 
and other non-value-added activities?

10.	 Is there a documented and practiced system for the 
selection and qualification of suppliers?

Figure 2.6  �Top 10 questions for assessing supplier quality capability.
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partner supplier. You and your partner supplier collaborate on 
innovations, and you provide active, concrete help to each other. 
It is a relationship of mutual trust, high ethics, uncompromis-
ing integrity, and transparency. A compatibility of values and 
a strong ethical foundation are essential criteria for selecting a 
partner supplier.

In a strategic partnership you need to provide your part-
ner supplier with frequent visits, training and coaching, larger 
and growing volumes, much reduced competition, and higher 
profits and return on investment (ROI). In return, you should 
expect from your partner supplier a commitment to reduce and 
eventually terminate all work with your competition, help with 
the next tier of suppliers (non-partners), and a willingness to 
network with your other partner suppliers.

It is important to recognize that not all of your suppliers 
should be strategic partners. In order to guarantee a stable and 
growing order flow to your strategic partners, you need a base 
of next-tier suppliers that have a flexible (non-stable) order 
flow in order to accommodate your strategic partners during 
times of variable sales orders. By varying and reducing order 
allocations to these next-tier suppliers, you can maintain a sta-
ble order flow to your strategic partners.

Today, strategic partnerships will probably provide you 
with a significant advantage over most of your competition. 
Tomorrow, they most likely will be required merely to compete 
in the marketplace.

Avoid Inspection

It is very important to realize that eliminating opportunities for 
error is not accomplished with inspection. Zero errors will not 
be achieved by relying on inspection, even 100 percent inspec-
tion. 100 percent inspection is not 100 percent effective. Even 
under ideal conditions—where the defect is clearly defined and 
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understood by the inspector; where the inspection environment 
is free of stress, time constraints, and distractions; and where 
the inspector has all of the necessary skills and tools—100 per-
cent inspection is only about 80 percent effective.�

In normal, less-than-ideal conditions, 100 percent inspec-
tion can be less than 50 percent effective. This means if a lot 
of product that is 2 percent defective is 100 percent inspected, 
then the output that results could still be greater than 1 percent 
defective. For example, assume the lot size is 10,000 units, and 
within the 10,000 units there are 200 defective units (2 percent 
defective). If the 100 percent inspection process is only 50 per-
cent effective, then you will only find 100 of the 200 defective 
units. After the 100 percent inspection and the repair of the 
100 defective units, the lot of 10,000 units will still contain the 
other 100 defective units that were missed by the inspection 
process. You will end up unwittingly shipping these 100 defec-
tive units to your customer!

The right approach is to prevent defects from occurring in 
the first place. Then there is no need to spend a lot of time 
and money trying to find them with ineffective inspection 
methods.

Words of Caution

As an organization becomes more prevention focused, the occur-
rence of big and urgent problems—usually called “fires”—will 
diminish. This can result in a new problem—management 
complacency. As “firefighting” ceases to exist, management 
may eventually become impervious to the prevention benefits. 
They may begin to ask, “Why do we need all of these people 

�. �See Joseph M. Juran, A. Blanton Godfrey, eds. 1999. Juran’s Quality 
Handbook, Fifth Ed. New York: McGraw-Hill.
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when we don’t have problems anymore?” In fact, management 
may begin to think that some of the prevention activities are not 
necessary anymore and are really a waste of time. The situation 
can best be described by the analogy of firefighters versus fire 
prevention professionals. See Figure 2.7.

Firefighters are heroes who are regarded with much respect, 
admiration, and appreciation. Everything about them is glamor-
ous. They race down the road in a bright red fire truck with the 
sirens blaring. They wear an impressive uniform with a big hat 
and coat, boots, and sometimes even special equipment such as 
an oxygen mask and special vision eyewear. They break down 

Firefighting Prevention
*Urgent

*Reactive

*Defense

*Important

*Proactive

*Offense

Figure 2.7  Firefighting vs. prevention.
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doors, bring in the powerful water hoses, and rescue the old 
folks and babies.

When the fire is extinguished and the babies are rescued, 
everyone cheers and applauds the firefighters. Those firefight-
ers receive praise and glory during the evening news broadcast. 
And I would bet that their budget is pretty secure for next year 
and beyond.

Then we have the poor fire prevention folks. They are kind 
of a quiet breed, but they can really be a pain in the rear end. 
They put restrictions on how much you can store and where 
you can store it. They put ugly sprinkler heads in the ceilings. 
They require fire extinguishers to be hung on the walls. They 
restrict what materials can be used in buildings. They make you 
do fire drills, usually at the most inopportune times. Nobody 
really appreciates them. Yet, which group really saves more 
lives and waste in the long run?

So, how does one impress upon management the impor-
tance and value of continuing prevention activities? The answer 
is maintaining performance metrics.

Arm Yourself with 
Performance Metrics

It is absolutely imperative that appropriate performance metrics 
(measures) be maintained to measure the improvement trends that 
are a direct result of prevention activities. When it is demonstrated 
that the relatively small investment in prevention has resulted in a 
large dollar return in the form of reduced failure costs, shorter lead 
times, and improved schedule adherence, management will sup-
port the prevention investment. It is important that performance 
trends, such as 12-month averages that are reported each month, 
be routinely plotted and reported to management as a constant 
demonstration of the continuous substantial returns that result 
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from the investment in prevention. Only with this continued dem-
onstration will management continue to stay on board.

Improvement is best measured by the reduction in costs 
required to provide the customer with excellent product. The 
single best metric for measuring prevention effectiveness is 
the total cost of quality. Any cost that would not have been 
expended had quality been perfect contributes to the cost of 
quality. The costs associated with doing things over because of 
quality failures are significant, and they offer an opportunity 
for quality improvement, cost reduction, schedule improve-
ment, and profit improvement.
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Consumer Focus

It’s all about building consumer loyalty.
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Earn and Keep Consumer Loyalty

Customer vs. Consumer

The customer is the party who directly purchases your product. 
The consumer is the ultimate user of your product. In some 
cases the customer may also be the user, but often this is not 
the case. Obviously the customer is an important stakeholder, 
and the customer’s satisfaction with your product and service is 
likewise important. However, it is the consumer who is the most 
important. The primary focus must always be the consumer. 
Success with consumers drives success with customers.

There are also important internal customers within your 
company who are actually consumers (users) of products or 
services from their internal suppliers. A discussion on inter-
nal customers and internal suppliers is provided at the end of 
this chapter in the section entitled “Drive Effective Supplier–
Customer Communication.”

Consumer Requirements

Quality means conformance to requirements. If a product or 
service conforms to all of the requirements, then it is a qual-
ity product or service. The requirements, however, must be 
consumer focused. The majority of quality problems are due 
to poor requirements/specifications. Efforts to improve qual-
ity often fail because the consumer’s needs and requirements 
are poorly understood and therefore are not reflected in the 
company’s specifications. Much attention and effort need to be 
focused on understanding the needs of the consumer.

Communicating Requirements

Even in situations where the requirements are responsive to the 
consumer’s needs, if the requirements are not adequately com-
municated and fully understood, then efforts to deliver quality 
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and earn consumer loyalty will undoubtedly fail. Only when 
the company’s specifications are consumer-responsive and 
fully communicated and understood will true quality achieve-
ment have a chance. When conforming to consumer require-
ments becomes an integral part of company culture, consumer 
loyalty will begin to be built. Consumer loyalty is what drives 
company success.

Understand Foreseeable Use

A very important factor in determining consumer requirements 
is assessing reasonably foreseeable consumer use and misuse 
of the product. This relates to things like consumer assembly 
required, product operation, product instructions, packaging 
and product removal from packaging, product labeling, safety 
concerns and warnings, different use environments, expected 
product life, and alternative consumer uses.

Minimize Assembly

The consumer-friendly approach, naturally, is to eliminate or 
minimize consumer assembly. Any assembly that is required 
must be simple and obvious, easy (requiring a low level of 
forces and coordination), and such that misassembly is either 
impossible or easily corrected. If general tools are required, 
then this information should be conspicuously stated on the 
package. If special tools are required, then they should be pro-
vided with the product.

Make Product Operation Obvious

Proper operation of the product by the consumer must be 
intuitive and foolproof. For example, turning knobs in a 
clockwise direction should increase intensity, and turning 
counterclockwise should decrease intensity. Any accidental 
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misoperation must not permanently damage the product or ren-
der it nonfunctional.

The assembly and operation of the product should be so 
easy and obvious that instructions are not even required, or are 
at least greatly simplified.

Minimize Packaging

Packaging should be minimized because it is expensive and 
ultimately wasteful. Use only enough to protect the product 
from damage during shipment, handling, and storage and to 
provide necessary communication about the product to the con-
sumer. The packaging must also be convenient and safe for the 
consumer to remove. At times packaging may also be required 
to prevent pilfering of component parts.

Eliminate Warnings

Product warnings are often ineffective, either because they are 
not read or because the consumer is not motivated or able to 
change their behavior. The correct approach is to eliminate the 
hazard and any need for a warning. Any product labeling that 
is needed, such as apparel care and content, should be simple, 
clear, and legible.

Substantiate Claims

A claim is any representation, whether stated or implied, con-
cerning any product or service attribute. This includes repre-
sentations of appearance, size, weight, content, operation, use, 
and performance.

For example, if a declaration of net weight appears on the 
package of the product, then it must be verified and documented 
that the production process is delivering product that conforms to 
the net weight claim. This will at a minimum mean verifying that 
the mean minus one standard deviation of the process is equal to 
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or greater than the declared net weight. This equates to approxi-
mately 84 percent of the process population meeting or exceeding 
the declared weight. Sometimes two or even three standard devia-
tions, instead of just one, might be desired and specified, depend-
ing on the type of claim and its importance to the consumer.

Please refer to Chapter 4, “Process Capability,” for an 
explanation of process mean and standard deviation and how 
they relate to defective rate and specification conformance.

It is very important that all product and service represen-
tations to the consumer be accurate and substantiated with 
testing data and information. Consumer delight results from 
exceeding expectations and delivering more than was prom-
ised. Never exaggerate or fail to substantiate any claim directed 
to the consumer.

Consider All Possible Environments

It should be recognized that the product will be used in various 
environments. The product may see environments of extreme 
temperatures, varying levels of humidity, rain, fog, sunshine 
and ultraviolet radiation, salt water, dust, and even ozone. The 
requirements must ensure that the product is designed and man-
ufactured to withstand reasonably foreseeable environments of 
consumer use.

Ensure Adequate Product Life

Product reliability is a critical component of consumer loyalty. 
It is vital that the product be designed, manufactured, tested, 
and verified against life requirements that exceed the expecta-
tion of the consumer. Since there can be significant consumer 
variation in expected life, a conservative approach with a factor 
of safety in the life requirements is necessary. A product safety 
rule of thumb is to test and qualify components for three times 
the normal lifetime of the product.
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Beware of Alternative Uses

An awareness of alternative uses is especially important when 
establishing requirements for children’s products. The design 
review process should include an assessment of reasonably 
foreseeable ways the product might be used that go beyond 
the intended use. For example, a large inflatable ball might be 
used (misused) by the consumer as a safety flotation device 
in a swimming pool. This must be considered in the way the 
product is designed and labeled.

Another example is childproof caps for adult medicine 
containers. Even though the container is clearly intended for 
adults, it is known that some children will try to use the product 
in imitation of the parent.

Build Brands, Not Commodities

Quality is not about industry standards. While satisfying indus-
try standards might be a company requirement, it is clearly not 
enough. If you rely only on industry standards when establish-
ing your requirements, then you are really treating your prod-
uct as a commodity. Once you begin treating your product as 
a commodity, then there is no product differentiation or brand 
value. The emphasis must always be on consumer requirements 
and consumer-focused standards.

A strong brand name provides a huge competitive advan-
tage. Consumers are loyal to strong brands, and they are willing 
to pay more for a name they can trust. To build brand value and 
consumer loyalty, it is absolutely imperative to have a company 
culture of 100 percent responsiveness to the consumer. Meet-
ing generic industry standards is just not enough. Focus on 
developing your own special standards that go beyond industry 
standards and that will result in delighting the consumer and 
differentiating your product from all of the generic stuff out 
there. Building brand value is all about constantly serving and 
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delighting the consumer. It is all about the consumer. The con-
sumer determines your success.

High Quality Means High Profitability

High product quality is the key to profitability. The good news 
is that everyone is theoretically in favor of high quality. Unfor-
tunately, an exception sometimes occurs when a product is in 
high demand and there is a supply shortage. It is interesting 
how relatively unimportant quality can become to management 
when a product is selling well and is in short supply. When 
this situation changes, however, and the supply exceeds the 
demand, quality becomes of paramount importance again, and 
then it never seems to be high enough.

Well, high quality must always be the standard! Quality is 
high only when it is considered high by the consumer.

According to a 1978 research study by the Strategic Plan-
ning Institute,� quality “has a strong, positive relationship with 
ROI” (p. 4). The study also concludes, “. . . businesses selling 
high-quality products and services are generally more profit-
able than those with lower-quality offerings” (p. 2). Figure 3.1 
summarizes this finding, which was based on the combined 
experience of more than 1000 businesses. Not only do both 
ROI and net profit increase as relative quality increases, but the 
greatest impact on profitability is at the highest quality level.

This study also looked at the effect of combinations of 
market share and quality on profitability. Figure 3.2 shows that 
high quality is positively related to ROI independent of market 
share. It also shows that the combination of high quality and 
high market share produced an ROI that was more than three 

�. �Robert D. Buzzell. 1978. Product Quality. Cambridge, MA: Strategic 
Planning Institute.
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times greater than the ROI of the low-quality, low-market-
share businesses.

High-quality businesses generally charge higher prices 
than average-quality and low-quality businesses. High-quality 
businesses also generally have lower total cost structures than 
other businesses. This is why high quality and high profit-
ability are related. However, high-quality businesses can also 
achieve greater growth and market share with a combination 
of high quality and moderate price premium over their major 
competition. As we see in Figure 3.2, both high quality and 

Return on investment

Product quality

Net profit—% of sales

13

17 17

21

30

6
8 8 9

14

Low Average High Low Average High

Figure 3.1  Product quality and profitability.

Source: The Strategic Planning Institute study of 1200 businesses in 1978

Market share

Average ROI (%) 13% 28%

Product
quality

Low

Average

High

11

11

20

17

17

26

23

26

35

Source: The Strategic Planning Institute study of 1200 Businesses in 1978

Figure 3.2  Product quality, market share, and return on investment.
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high market share are a powerful combination for maximum 
ROI. Whatever the strategy, the one common denominator for 
profitability is high product quality.

Drive Effective Supplier–
Customer Communication

The key to productivity is to stop doing nonproductive work. 
Stop investing labor and material resources in producing out-
put that is of little or no value to your customers. This requires 
that you identify your customers and the output they need from 
your function. Only when you clearly understand your custom-
ers’ requirements will you be able to ensure that your function 
is adding value.

Likewise, it is important to ensure that your suppliers clearly 
understand your requirements, so their output will be of value 
to you. Effective supplier–customer communication begins to 
occur when there is a mutual agreement on valid, specific, and 
quantitative input requirements.

Each employee is a customer of output from another 
employee. Each employee also has a customer or customers to 
whom he or she provides input. As Figure 3.3 shows, the pro-
cess is simply taking an input from a supplier and adding value 
to this input to create an output that is useful to your customer. 
Quality measures must be established with your suppliers and 
customers to show that supplier output always meets customer 
requirements.

The primary responsibility of managers is ensuring the qual-
ity of output from their areas. Managers must accept responsi-
bility for the output of their areas and establish the standards 
and measures for quality.

It is important to observe customers in their own environ-
ment to understand what processes they perform with your out-
put. The key is in understanding the “what” and the “why” of 
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their process—what is done and why it is done. Focusing on 
the customer’s end of the process will help you understand the 
customer’s real requirements.

This concept can be summed up nicely by paraphrasing the 
late Peter Drucker: Quality in a product or service is not what 
the supplier puts in. It is what the customer gets out and is will-
ing to pay for. Customers pay only for what is of use to them 
and gives them value. Nothing else is quality.

Supplier Employee/Department Customer

Supplier and employee/department
agree on valid, specific, and

quantitative input requirements

Employee/Department and customer
agree on valid, specific, and

quantitative output requirements

Input Output

Measure
and report
back the 
degree of

conformance

Obtain
feedback on

compliance to
requirements

Value is added
Error is prevented

Quality measures
are developed
and included in
goals/objectives

The supplier must
understand the
requirements of
your employee
and department

Your customer’s
requirements must
be understood by

your employee and
department

Figure 3.3  Productivity through supplier–customer communication.
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Process Capability

A successful mission depends on capable processes.
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Require Capable Processes 
Before Production Starts

Imagine that you are on that space shuttle blasting off into 
outer space. The mission to bring you safely back to Earth, I’m 
guessing, would be of vital importance to you.

Now imagine the thousands of processes that must be suc-
cessful to ensure mission success. How would you feel know-
ing that one or more of the processes might not be capable of 
meeting the requirements for a successful mission?

Clearly, everyone would want to be totally sure that each 
and every one of the processes is absolutely capable before get-
ting on that shuttle and starting the mission. Likewise, before 
beginning the production of any product, it is first necessary 
to verify that all critical processes are capable of meeting the 
requirements.

A process should meet three criteria for capability:

	1.	The process is completely defined and documented

	2.	The process is centered, meaning the calculated aver-
age of the process output is equal to the specification 
requirement

	3.	The process has acceptable variation, meaning the width 
of the process (the range of the calculated high and low 
values) is reasonably less than the width of the specifica-
tion (the difference between the upper specification tol-
erance limit and the lower specification tolerance limit)

These criteria will be defined and described throughout the 
next five sections.

Define and Document the Process

The first step to ensuring process capability is to completely 
define the process. All relevant processing conditions must be 
documented, including specific materials used; exact equip-
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ment used; precise equipment settings (and equipment cali-
bration verification); all processing sequence steps including 
processing parameters such as times, temperatures, pressures, 
and so forth; all operator procedures and methods used; and a 
processing facility description including ambient conditions.

The process documentation must describe essentially 
everything about the process inputs and processing activities 
that produced the output that is tested and evaluated. In fact, 
without the process first being fully defined and documented, 
the testing and evaluation of the output should not occur. Pro-
cess capability has not occurred if the process has not been 
completely defined and documented.

The process documentation from a well-defined, capable 
process becomes a valuable benchmark tool for future use. If 
the process output ever changes for no apparent reason, the 
process capability documentation will likely provide key infor-
mation and insight for quick diagnosis and corrective action. 
Without this information, corrective action could be very time-
consuming and costly.

Test to Failure, Not to Specification

An important requirement for determining process capability 
is to test to failure, as opposed to just testing to the specifica-
tion value. If you just test to the specification, then you will not 
know if the process is centered and has acceptable variation. 
You must test to failure to determine when these two criteria 
are satisfied. Production must not begin until process capability 
is verified.

It is surprising just how often companies test to specifica-
tion when evaluating whether conformance to the specification 
has been achieved. For example, if the specification for the 
pull strength (tensile strength) of a button attached (sewn) to a 
young child’s garment is 20 pounds, it is not unusual to observe 
the test being performed to the 20-pound value and then being 
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stopped to record the successful 20-pound pull test. It is also 
not unusual to see this test performed on relatively few sam-
ples, often 10 or 20, or sometimes even just 1. This is a big 
problem.

If 20 samples are tested to the specification and zero noncon-
formances are observed, have we demonstrated zero defects? 
What can we accurately state about the strength and integrity 
of the button attachment process? All we can say is that we are 
90 percent confident that the expected failure rate is less than 
approximately 10 percent. This can be readily determined by 
using the table in Figure 4.1. Using the row corresponding to a 
sample size of 20 and finding the column for the upper 90 per-
cent confidence limit, we see that the population percent defec-
tive could be as high as 10 percent (at 95 percent confidence, it 
could be up to 13 percent).

Now, assume that the specification for the button pull test 
is required to ensure that a small child will not be exposed to 
an accessible small button that can create a choking hazard. 
Is “less than 10 percent expected failure rate” an acceptable 

Population % defective—upper limit estimate

Sample size 90% confidence 95% confidence

5 35% 40%

10 20% 24%

15 14% 17%

20 10% 13%

30 7% 9%

50 4.4% 5.7%

100 2.3% 2.9%

250 0.9% 1.2%

1000 0.23% 0.30%

Figure 4.1  �Population percent defective when sample percent 
defective is zero.
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result? Has it really been demonstrated that a small child will 
be protected from a choking injury by the attachment process?

The answer is no. Figure 4.1 shows that even if 1000 samples 
were tested to the specification, the expected failure rate might 
still be too far above zero (0.23%). So what should we do?

The answer is to test to failure. Only when you test to failure 
will you know how good or bad your process really is. Since we 
know that the results of measurement and test data typically fall 
into a normal or bell-shaped distribution, we can calculate expected 
failure rates using the normal distribution, or normal curve.

Pitching the Normal Curve

The normal distribution, also known as the normal curve or the 
bell curve because of its shape, is a very special distribution for 
the following reasons:

	1.	It is prevalent—It is known that measurements (length, 
width, height, weight, density, area, volume, and so forth) 
from a given population or process are generally normally 
distributed. This means if you measure every unit from 
the population or process and plot these measurements 
on a chart with the horizontal axis (X-axis) as the mea-
surement and the vertical axis (Y-axis) as the frequency 
or number of units with that corresponding X-axis mea-
surement, then the plot of measurement values will form 
a normal, or bell, curve. The following are just a few of 
the many examples of normally distributed populations:

The heights of adult males in the United States

The intelligence quotients (IQs) of adult Americans

The weight (density) of fabric coming off a weaving 
loom that is “in control”—running without any special 
causes of variation

–

–

–
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The lengths of sleeves coming off an automated cutting 
process, before being sewn into garments

The net weights of cans of Play-Doh brand model-
ing compound coming off a production line that is in 
control

	2.	It is relatively simple—The normal curve is a two-
parameter distribution; the two parameters are the mean 
and the standard deviation. The mean is simply the aver-
age, and it is usually designated by the term –X. The stan-
dard deviation is simply a measure of dispersion, or how 
far most of the values are from the mean. It is usually 
designated by the term σ (sigma). Every normal distribu-
tion can be totally described by these two parameters, the 
mean and the standard deviation. If two normal curves 
have the same mean and standard deviation, then they 
are identical normal distributions.

	3.	It is very useful—The mean and standard deviation of a 
sample randomly taken from a normally distributed pop-
ulation are unbiased estimates of the population mean 
and standard deviation. Therefore, what is learned from 
the sample becomes applicable to the population. We can 
draw powerful conclusions about a population or process 
based on what we learn from a sample. This will be fur-
ther described and demonstrated in the next sections of 
this chapter.

Figure 4.2 shows a normal curve with a mean equal to zero and a 
standard deviation equal to one. This is called a standard normal 
distribution. You can see that approximately 68 percent of the 
values fall between +1 standard deviation and –1 standard devia-
tion. This is true for every normal curve, no matter what the mean 
or standard deviation. You will always find the same 68 percent 
in the range formed by the mean +1σ and the mean –1σ.

–

–
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As you can see in Figure 4.2, approximately 95 percent of 
the population values will always fall between +2 and –2 stan-
dard deviations added to the mean, and +3 and –3 standard 
deviations will always contain about 99.7 percent of the popu-
lation values. Figure 4.2 arbitrarily stops at +6 and –6 standard 
deviations. This is sometimes referred to as Six Sigma. Only 
0.0000002% (two parts per billion) of the values fall outside 
the Six Sigma limits. Therefore, Six Sigma quality means two 
parts per billion defective.

Measure and Verify Process Capability

Process capability is sometimes designated by the term Cp 
(capability of process), and it is defined as specification width 
divided by process width. Specification width is just the dif-
ference between the upper specification tolerance limit and the 
lower specification tolerance limit. Process width is the differ-
ence between the process mean plus three standard deviations 
(3σ) and the process mean minus three standard deviations, or a 

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6

68.26%

95.46%

99.73%

99.994%

99.99994%

99.9999998%

Figure 4.2  Areas under the normal curve.
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total of six standard deviations of process variation. Figure 4.3 
illustrates the concept of Cp.

Cp is a good measure of process capability only when the 
process is centered. A process is centered when the process 
mean is equal to the specification target. Although centering 
the process should always be an objective, it doesn’t always 
happen. Therefore, a process capability factor with a correction 
for noncentering is used: Cpk. Cpk is the difference between 
the process mean and the nearest specification tolerance limit 
divided by one-half the process width. Cpk is a good measure 
of process capability because it accounts for noncentering and 

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6

Process width

Specification width

Cp = Specification width

=
6 – 12

6
== 2

Process width

(–6 )
3 – (–3 )

12
6

=

(x)

Lower
specification

limit

Upper
specification

limit

Figure 4.3  The concept of Cp.
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therefore can be related directly to process output defective 
rate. Cpk and Cp are equal only when the process is centered. 
The only real value of using Cp is to determine the maximum 
potential Cpk to be realized by correcting a noncentered pro-
cess. Figure 4.4 illustrates the concept of Cpk.

Significance of Cpk

When the Cpk of a process is known, we know what to expect 
for process output defective rate. Figures 4.5 shows some rela-
tionships of Cpk to defective rate. For a given specification 
tolerance, there are only two ways to increase process capabil-
ity (in other words, decrease process defective rate). One is to 
center the process. The other is to reduce the inherent variation 
(σ) of the process. Centering the process is much quicker and 

–7 –6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6

Process width

Specification width

Cpk = 
Nearest specification limit – x

=
5 – 0 5

3
== 1.66

/  Process width1 2 (6 )1 2/

(x)

Figure 4.4  The concept of Cpk.
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easier to do than reducing process variation and should be done 
first. Reducing process variation requires applying design of 
experiments (DOE) tools to determine the main factors con-
tributing to the variation and then making process changes in 
response to the DOE findings. This should only be done after 
you have made sure the process is centered.

Looking at Figure 4.6 at the row where Cp is equal to 1.33, 
we can see that the effect of the process being off center by two 
standard deviations is a Cpk of 0.66. Figure 4.5 shows that a 
Cpk of 0.66 equates to a defective rate of 5%. By just centering 
the process, the Cpk would improve to 1.33 and the defective 
rate would improve over eightyfold to 60 parts per million!

Comparing the Cpk to the Cp highlights opportunities for 
improvement by centering the process. The greater the difference 
between the two, the greater the opportunity for centering.

Cpk Defective rate

0.33 	 32%

0.66 	 5%

1.00 	 0.27%

1.33 	 60 ppm

1.66 	 0.6 ppm

2.00 	 2 ppb

Cp Centered Cpk Off by 1s Cpk off by 2s Cpk

1.00 1.00 0.66 0.33

1.33 1.33 1.00 0.66

1.66 1.66 1.33 1.00

2.00 2.00 1.66 1.33

Figure 4.5  Relationship of Cpk to defective rate.

Figure 4.6  �Relationship of Cpk to Cp when process is centered and 
when shifted off specification by 1σ and 2σ.

44	 Chapter Four



Summing it up, the first step in determining process capabil-
ity is either taking measurements or testing to failure, depend-
ing on the type of process characteristic being evaluated. Then 
we can calculate the mean and make sure the process is centered 
on the specification. Next we calculate the standard deviation 
and determine how many standard deviations are contained 
within the specification tolerances. This allows us to calculate 
the Cpk, relate it to failure rate, and determine whether the pro-
cess is capable of meeting our quality requirements. That’s all 
there is to process capability verification. Once we determine 
that the process is capable, we then need to control the process 
to ensure no changes or special causes of variation occur. Pro-
cess control is covered in the next chapter.

Control Accuracy and Precision

To fully understand process capability, it is important to under-
stand the difference between accuracy and precision. Accuracy 
is the characteristic of a measurement that indicates how close 
an observed value is to the true value. To simplify, think of it as 
the difference between the observed and the true. You can think 
of it as a positional measure, much like the mean is a positional 
measure of a process.

Precision is the characteristic of a measurement that relates 
to consistency and repeatability. To simplify, think of precision 
as measurement variation. Whereas accuracy relates to a pro-
cess mean, precision relates to a process standard deviation. 
Figure 4.7 describes pictorially the concepts of accuracy and 
precision.

Calibration for Accuracy

Verifying process capability applies to more than just the pro-
duction process. For example, it also applies to the test and 
measurement processes. Obviously, the equipment must be 
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calibrated. But is calibration enough? Calibration means com-
paring a measurement system of unknown accuracy to a mea-
surement system of known accuracy in order to detect any 
deviation from the required standard. This means you can think 
of calibration as a check for accuracy. But what about preci-
sion? Both accuracy and precision are important. How are test 
and measurement system precision measured?

Gage R&R for Precision

Gage repeatability and reproducibility (Gage R&R) evaluates the 
measurement variation (error) in a measurement system. There 
are two components: gage variation (repeatability) and opera-
tor variation (reproducibility). If the percentage of the speci-
fication tolerance consumed by the Gage R&R (measurement 
variation) does not exceed 10 percent, then the measurement 

Accuracy (average on target),
no precision (high variation)

Precision (low variation),
no accuracy (average o� target)

No accuracy, no precision Accuracy and precision

Figure 4.7  Accuracy and precision.
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system is excellent. If it exceeds 10 percent but is less than 30 
percent, then it may be adequate for situations where the Cpk 
is high. The point is, Gage R&R is to measurement precision 
what calibration is to measurement accuracy. Both are impor-
tant and should be verified.

Both accuracy and precision are necessary for describing 
measurement events, just as both the mean and the standard 
deviation are necessary for describing a normal distribution.

The Precision of Numbers

There is a story about a security guard at a museum who over-
hears two folks wondering just how old the dinosaur bones 
are that they are viewing. The security guard responds that the 
bones are exactly four million and four years, two months, and 
six days old. When the folks ask in amazement how the secu-
rity guard can be so exact in his answer, he responds, “Well, 
they were four million years old when I started working here, 
and I’ve been here exactly four years, two months, and six 
days.” Obviously, the dinosaur bones are only approximately 
four million years old, maybe somewhere between 3.9 and 4.1 
million years old. The length of time that the security guard 
has been employed at the museum (four years, two months, 
and six days) is insignificant compared to the estimated age of 
the dinosaur bones. Therefore, adding the guard’s employment 
time to the estimated age of the bones results in an erroneous 
answer (and a humorous story).

This is a good example of implying much more precision 
in a mathematical result than is reasonable, given the precision 
of the individual measurements used in the calculation. The 
results of mathematical operations performed with given num-
bers can be no more precise than the original numbers them-
selves. It is therefore necessary to recognize and express the 
proper number of significant figures when working with data 
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so the result doesn’t imply greater precision than was originally 
obtained in the numbers used to calculate that result.

Figure 4.8 provides the rules for determining the significant 
figures in a number.

Number of
fRule Example ignificant iguress

1. All non-zero digits are significant 12.1 3
2. All zeros between two non-zero digits are significant 102.01 5
3. All zeros to the left of an understood (not written) 1200 2

decimal point but to the right of a non-zero digit
are not significant

4. All zeros to the left of an expressed (written) decimal 1200. 4
point and to the right of a non-zero digit are significant

5. All zeros to the right of a decimal point but to the left 0.0012 2
of a non-zero digit are not significant

6. All zeros to the right of a decimal point and also to the 0.012000 5
right of a non-zero digit are significant

Addition and Subtraction Operations

First, round off all measurements or values to the number of decimal places in the measurement
with the fewest decimal places, then add or subtract.

Example: Add 1.2 ft., 12.12 ft., and 0.121 ft.

Solution: (Round off and add) 1.2 ft.
12.1 ft.
0.1 ft.

Answer: 13.4 ft.

Multiplication and Division Operations

In general, first multiply (or divide) the values. Then round off the product (or remainder) to the
same number of significant figures as the value having the fewer significant figures.

Example: Multiply 1.2 ft. X 12.12 ft. X 0.121 ft.

Solution: 1.2 ft. X 12.12 ft. X 0.121 ft. = 1.759824 ft.

Answer: 1.8 ft. (Round off to two significant figures)

Mean and Standard Deviation

Record the mean to one more significant figure than the raw data. Record the standard deviation
to the same number of decimal places as the mean.

Figure 4.8  Rules for significant figures.
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Apply Factors of Safety

A traditional definition of factor of safety is minimum strength 
divided by maximum stress. For example, refer to Figure 4.9, 
and imagine it is you who is dangling from that cliff and rely-
ing on a safety line. If we assume that you weigh 175 pounds 
and that you might exert a dynamic load of twice your weight 
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Figure 4.9  Factor of safety for safety line.
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during a slip, then the safety line should be rated at a minimum 
of 350 pounds. If the line is rated at exactly 350 pounds, then 
you have a factor of safety of 1, since minimum strength and 
maximum stress are equal. However, would you be comfort-
able in this situation with a safety factor of only 1? You would 
probably want a safety factor of at least 10—maybe even 20 or 
more if you have a fear of heights!

Factors of safety allow for uncertainty in the design and 
manufacturing process, and they are essentially compensations 
for imperfection. They are commonly used in the design and 
engineering stages of product creation. The point is, you must 
have a factor of safety significantly greater than 1 applied 
to your internal standards to ensure that you are working to 
requirements that exceed any mandatory regulations. This is 
especially important in product safety compliance areas. There 
is too much uncertainty in variations affecting design, material, 
fabrication, packaging, testing equipment, testing procedure, 
transportation, and handling to make your internal standards 
equal to the outside mandatory requirements. It is up to you to 
choose the safety factor that is appropriate for your product and 
business, but it should always be greater than 1. In situations or 
conditions that involve varying degrees of uncertainty, you may 
want to consider safety factors of 3, 5, or even 10 or higher.
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Process Control

Maintain balance and control with 
precise, timely adjustments.
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Avoid Type 1 and Type 2 Errors

The tightrope walker can be used to represent the concept of 
process control. Imagine that one end of the tightrope is con-
nected to the top of a 9-story building. The other end is con-
nected to the top of a 10-story building that is 50 feet away. The 
objective is to walk on the tightrope from one building to the 
other (without falling off).

Think of the rope as the specification; of course, we want to 
stay on the specification. A defect is falling off of the rope. The 
process is the activity of walking on the rope from one building 
to the other. We really want the process to deliver zero defects! 
How will that happen?

As we begin the journey along the tightrope, we obviously 
need to make body-position adjustments to maintain our bal-
ance. The extent and timing of these adjustments is critical to 
achieving zero defects. For example, if a gust of wind comes 
up, we must counteract it with body adjustments to maintain 
balance. With experience, this might become instinctual.

What happens, however, if you do not make any adjust-
ments when the gust of wind occurs? You fall off. This is an 
example of a Type 2 error. A Type 2 error occurs when a “spe-
cial cause” change occurs but no action is taken. In this case, 
the gust of wind is the special cause. Since there was no action 
taken (no adjustment) and a change occurred (the gust of wind), 
the process created a defect (falling off).

What happens if you mistakenly imagine there is a gust 
of wind? You fall off. This is an example of a Type 1 error. A 
Type 1 error occurs when there is not a special cause of varia-
tion (change), but action is taken because a change is imag-
ined. Since action was taken (a shift of weight) but no change 
occurred (no gust of wind), the process created a defect (again, 
falling off).

The next section relates Type 1 and Type 2 errors to process 
tampering and process neglect.
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Avoid Tampering and Neglect

To achieve zero defects, you must control the process after it has 
been verified as being capable. Controlling a process requires 
periodically testing a small product sample and recording the 
results on a control chart. There are two important reasons for 
doing this:

	1.	To prevent tampering with the process

	2.	To prevent neglecting the process

Tampering with a process means making an adjustment to a 
process that is operating without any special causes of varia-
tion. The only variations present are common causes, meaning 
they are inherent in the process. Process tampering is obviously 
associated with Type 1 errors. Tampering with a process results 
in increased variation and defects. Process control charts can 
identify when there has been no special cause change and when 
the process must be left alone. They can prevent the Type 1 
errors associated with process tampering.

Neglecting a process means not making an adjustment to a 
process when something has caused it to change. This relates to 
a Type 2 error. Neglecting a process results in increased varia-
tion and defects. The use of process control charts identifies 
when a change (special cause of variation) has occurred so the 
change can be corrected without producing defective product. 
Without process control charts, the change probably would not 
be readily apparent and defective product could unwittingly be 
produced and shipped to the consumer. Process control charts 
can prevent the Type 2 errors associated with process neglect.

Identify Critical Process 
Characteristics

It is important to realize that certainly not all process character-
istics need to be controlled during production. Only a vital few 
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process characteristics need to be considered. This can some-
times mean isolating just one critical process characteristic.

From the Pareto principle, we know that 20 percent or 
fewer of the causes produce 80 percent or more of the effect. 
Generally, when there is a process output problem to be solved, 
the number-one cause can account for more than 50 percent 
of the solution. The number-one and number-two causes com-
bined often account for more than 75 percent of the solution. 
The top three causes combined can account for 90 percent or 
more. These major causes are generally discovered using DOE 
methods.

Please refer to the section titled “From Causes to Vital Root 
Causes” in Chapter 7.

Once the vital causes are identified, they can best be con-
trolled during production using the process control method 
described in the next section—precontrol.

Enforce Precontrol and Positrol

Once a process has been determined to be capable of meeting 
the requirements, it is important to control the process, thereby 
preventing the manufacture of defects. Controlling a process is 
just charting the process output and taking the action indicated 
by the charted results. The action indicated by the chart will be 
to leave the process alone, adjust the process while it is run-
ning, or stop the process for adjustment and for another process 
capability verification (also called a requalification).

The control chart is the tool that aids in preventing Type 1 
errors (tampering with the process) and Type 2 errors (neglect-
ing the process). The control chart guides us in knowing when 
a change is occurring that requires a process adjustment to pre-
vent the process from making defective product.

The control chart serves to alert us to the two kinds of 
changes that can occur to the process output: (1) a change in 
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process centering (the process average) and (2) a change to pro-
cess variation (the process standard deviation). As previously 
discussed, process measurement data generally are normally 
distributed.

The normal distribution is a two-parameter distribution: 
one parameter is the mean and the other is the standard devi-
ation. If the mean and standard deviation of the process are 
known, then everything important about the process is known. 
The process changes when the mean or the standard deviation 
(or both) changes.

Precontrol is the best process control method in terms of 
simplicity and power. It can be taught to an operator in 10 min-
utes, and it can help keep processes running hundreds of thou-
sands and even millions of units without a single defect. The 
only requirement is that the process be capable at a Cpk of 1.33 
or higher. This Cpk requirement must be verified prior to the 
approval of the process. Note that although a minimum Cpk 
of 1.33 is required for precontrol, one should really strive for 
Cpk’s of 2, 3, 4, and higher.

Precontrol is described in four steps as follows.

Step 1: Set Up Precontrol Chart Zones

The specification width is divided by 4 to create the precontrol 
zones as shown in Figure 5.1. The zone created by the middle 
half of the specification width is designated as the green zone. 
The two zones on either side of the green zone are designated 
as the yellow zones. The two zones beyond the yellow zones 
are designated as the red zones.

Step 2: Qualify the Process

At process start-up, take five consecutive units from the pro-
cess. If all five fall within the green zone, then the process is 
qualified and production can begin. Proceed to step 3. However, 
if one or more of the units falls outside of the green zone, then 
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the process is not qualified. The cause of the variation must be 
determined and reduced or eliminated. After this is done, begin 
step 2 again to verify process qualification.

Step 3: Begin Precontrol Charting

After production begins, take two consecutive units from the 
process every half-hour, record the results, and proceed accord-
ing to the following rules:

	1.	If both units are in the green zone, continue production.

	2.	If one unit is in the green zone and the other is in the yel-
low zone, continue production.

	3.	If both units are in the same yellow zone, adjust the pro-
cess while continuing to run production.

Red
zone

Red
zone

Yellow
zone

Yellow
zone

Green zone

Lower
specification

tolerance

Upper
specification

tolerance
Specification

target

SW/1 4 SW/1 2 SW/1 4

Specification width
(SW)

Figure 5.1  Precontrol zones.
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	4.	If each unit falls into a different yellow zone, stop pro-
duction. The cause of variation must be determined and 
reduced or eliminated. After this is done, begin step 2 
again.

	5.	If one or both units are in the red zone, stop production. 
The cause of variation must be determined and reduced 
or eliminated. After this is done, begin step 2 again.

Step 4: Adjust the Frequency of Precontrol Sampling

The frequency of sampling is adjusted based on dividing the 
average time period between two production stoppages by six. 
For example, if production was stopped because the two units 
were in opposite yellow zones and then stopped again six hours 
later because a unit was in the red zone, then the time period of 
six hours between stoppages is divided by six to give a sampling 
frequency of every one hour. If the period between stoppages 
was six days, then the sampling frequency would be once a day.

Although you can certainly choose to increase the sampling 
frequency by applying a number larger than six in the denomi-
nator, it is not necessary in most applications. However, it is 
recommended that sampling occur at start-up after any process 
stoppage.

While that is all there is to precontrol, there is another pro-
cess control tool that should be used in concert with precontrol. 
That tool is Positrol.

Positive Control with Positrol

Positrol is used together with precontrol to ensure that impor-
tant processing conditions are maintained at optimum dur-
ing production. The Positrol chart identifies what processing 
parameters will be measured along with the specifications and 
tolerances, who will do the measuring, how and where the mea-
surements will be taken, and when they will be taken.
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For example, perhaps processing temperature and time 
are important in a drying process. The temperature (what) of 
the oven chamber entrance (where) is to be measured using 
a thermocouple potentiometer (how) by the laboratory techni-
cian (who) at the start of the shift (when). The specification is 
350oF +/– 10oF. The drying time/conveyor belt speed (what) 
is to be measured using a stopwatch to measure drying cycle 
(how) by the laboratory technician (who) at the start of each 
shift (when).

The Positrol chart, therefore, is just a who, what, how, 
where, and when log that is monitored by the process engi-
neer or supervisor to ensure optimum processing conditions are 
being maintained.

Use Three-­Dimensional Standards

When it comes to aesthetics, the best standard is usually 
a physical product. A production-representative sample is 
reviewed, approved, and signed off on by both the supplier 
and the customer. This signed-off sample represents that the 
manufacturing process is capable of producing product that is 
aesthetically acceptable to the customer. The signed-off sample 
also becomes the mutually agreed-upon aesthetic standard for 
use by the supplier and customer during process and product 
audits. Signed-off aesthetic samples need to be reviewed and 
updated, usually once a year, to ensure that no objectionable 
degradation has occurred.

It can be amusing to watch a visiting customer representa-
tive walk through a plant looking at product when no three-
dimensional standards are used. Often the person will pick 
up one or two production units, take a look at them, and then 
put them back, usually without saying anything. One won-
ders what they are thinking or considering when they do this. 
How can a consistent, thorough, and valid assessment be made 
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without a standard, either by the sourcing representative or the 
producer?

Another benefit of three-dimensional standards is they 
provide a safety gate for production start and shipping. The 
approval of the standard serves as the authorization for produc-
tion start and shipping. Its approval can also be used to rep-
resent confirmation of other non-aesthetic characteristics such 
as materials performance, product performance testing, and so 
forth. If the aesthetic sample has not been approved, then the 
supplier must not begin production.
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6

Variation Reduction

Zero variation means no tolerances are needed.
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Recognize the Evil of Variation

Consistency is good. Consistency is splitting the first arrow 
with the second arrow. Quality is derived through consistency.

Variation is the opposite of consistency. Quality prob-
lems result from variation. Specification tolerances are missed 
because of variation. Parts don’t fit because they vary. Sched-
ules are missed because they vary. Consumer satisfaction and 
delight are not repeated due to variation. Variation is bad.

The target is zero variation, where all of the product is right 
on specification. Zero variation means no tolerances are needed. 
Although absolute zero variation is only a theoretical concept, 
constantly reducing variation must always be a continuous 
improvement goal. Statistical methods allow us to understand, 
reduce, and control variation and to eventually conquer it.

Change Is Good; Variation Is Bad

It is very important not to confuse change with variation. Varia-
tion is bad because it represents deviations from a target, speci-
fication, or desired result. The goal is always zero variation.

However, change is good when it is planned and directed toward 
improving a product, process, or service. This kind of change is 
important and must be a constant in any organization. Change is 
vital for organizational health and viability. Without change, there 
would be no improvement, no innovation, no growth, no new 
world records, and no excitement. Change represents progress and 
variation represents chaos. Therefore, change and variation in a 
sense are opposites. Change is good and variation is bad.

Don’t Play the Doghouse 
vs. Penthouse Game

There is a simple statistical fact that must be recognized and 
observed. It is an important fact if you want to prevent tampering 
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with an organizational process and increasing the amount of vari-
ation. (It is also important if you want to prevent looking silly.) 

That fact is as follows: There will always be an upper 10 per-
cent and a bottom 10 percent in any process, and there is nothing 
you can do about it. It is normal, natural, and perfectly OK. A 
corollary is that there will always be an upper 50 percent and a 
bottom 50 percent, and there is nothing you can do about it.

For example, in any classroom, regardless of how smart the 
students are, 50 percent of them perform above the classroom 
median performance level and 50 percent fall below the median 
performance level. This is a fact, even though most parents seem 
to think their children are above the median or average for the 
classroom. The following facetious news headline is presented 
to emphasize this point:

Parents Outraged That 50% of Students Fall Below 
Average

We can use U.S. presidents as another example. We can state 
with complete confidence and accuracy that 50 percent of past 
U.S. presidents were better than the median and 50 percent were 
worse than the median. Likewise, there is a top 10 percent and a 
bottom 10 percent based on any given performance criteria, no 
matter how great and honorable all of them might have been.

This may seem like an obvious fact, but surprisingly, it 
is sometimes ignored, forgotten, not practiced, or simply not 
understood. The best example is the Penthouse list and the 
Doghouse list, a motivational tactic used by the sales depart-
ment at a certain company. The top 10 salespeople, based on 
dollar amount of orders written, made the Penthouse list and 
received accolades in the company newsletter. The bottom 10 
salespeople made the Doghouse list and were somewhat ridi-
culed and embarrassed in the newsletter.

It didn’t matter if the bottom 10 salespeople met or even 
exceeded their objectives. They were still in the “doghouse.” 
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What sales management didn’t fully appreciate was that there 
would always be a “bottom 10,” no matter what incentives or 
punishment they instilled. Their Doghouse and Penthouse game 
was counterproductive to building department camaraderie and 
teamwork. What started out as a humorous yet sincere device 
for motivating the sales team ended up being a total debacle 
and a demotivator for the team. This unintended consequence 
was the direct result of sales management not fully appreciat-
ing this simple statistical fact.

Move from Zero Defects 
to Zero Variation

It is interesting how “zero defects” is a very difficult concept 
for many individuals in many industries to fully understand 
and accept. People seem to equate zero defects with operator 
and product perfection. Their response is often something like 
this:

How can you expect me to accept the concept of zero 
defects? I’m working with people here, and no one is 
perfect. It is unreasonable to expect me to achieve zero 
defects. That is an unattainable standard.

The answer is to explain what zero defects really means. Zero 
defects just means that the process output is in the region 
between the upper specification tolerance limit and the lower 
specification tolerance limit. This is shown in Figure 6.1.

Once the concept of zero defects is explained in this way, 
it becomes a little more acceptable to most people. But many 
will still not be sold on the concept. Then the discussion needs 
to shift to the concept of zero variation.

Zero variation is a much higher standard than zero defects. 
In fact, it is really a goal rather than a standard. The goal of zero 
variation means that even though the process width is fully con-
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tained within the specification width, we will continue to reduce 
the variation. This effort to reduce variation will continue until 
all process output is essentially right on the specification target. 
The concept of zero variation is depicted in Figure 6.2.

Once people understand and appreciate the concept of zero 
variation, they are usually ready to fully accept and embrace 
the relatively easy standard of zero defects. Of course, the 
objective is to move from a standard of zero defects to the goal 
of zero variation. The importance of doing this is explained in 
the next section.

Remember Dr. Taguchi

There are two significant problems with the concept of zero 
defects:

Lower
specification

tolerance
limit

Specification
target

Upper
specification

tolerance
limit

Zero defects

Defective Defective

Process output

Figure 6.1  The zero defects region.
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	1.	A measurement that is just barely inside the specification 
tolerance is considered completely good, but one that is 
just barely outside the specification tolerance is con-
sidered completely bad. In reality, from the consumer’s 
standpoint, there is not a significant difference between 
the two measurements.

	2.	The measurement that is just barely inside the specifica-
tion tolerance is considered to be just as good as a mea-
surement that is right on the specification target. Yet, 
these two measurements are significantly different.

Dr. Genichi Taguchi, a widely acknowledged leader in the U.S. 
industrial quality movement, recognized these two problems 
and addressed them with his quality loss function concept. 
His loss function recognizes that there is minimum loss with 
measurements at or near the specification target, and an ever-

Lower
specification

tolerance
limit

Specification
target

Upper
specification

tolerance
limit

Original process

First improvement

Second improvement

Third improvement

Fourth improvement

Zero variation

Figure 6.2  Zero variation, the real goal.

66	 Chapter Six



increasing loss as the measurements depart in either direction 
from the target. This is shown in Figure 6.3.

Dr. Taguchi shows that the loss (L) increases by the square 
of the deviation from the specification target value (D2). He 
further defines C as representing a constant that is determined 
by the cost of the countermeasure that the factory might use to 
get on target. His loss equation is written as L = D2C.

To minimize costs and maximize consumer loyalty, it is 
important to continually reduce variation and keep the process 
centered on the specification target. Zero variation is the goal.

$
Loss

Quality loss function

Lower
specification

tolerance
limit

Specification
target

Upper
specification

tolerance
limit

Quality measurement

Figure 6.3  The Taguchi loss function.
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The Pareto Principle

Focus on the vital few, not on the trivial many.
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Not All Problems Are Created Equal

Problems, like opportunities, are unequal in their importance. 
There are always the most important few, called the vital few, 
that account for the vast majority of cost or loss. The vital few 
problems are like the diamonds in the dirt, and our attention 
and efforts must be focused on them.

It is commonly believed that 20 percent or less of the causes 
(the vital few) result in 80 percent or more of the effect. This 
is known as the Pareto principle. This also means that only 20 
percent or less of the effect is a result of 80 percent or more of 
the causes (known as the trivial many). Just as the diamonds 
represent the vital few, the trivial many are represented by the 
dirt. Priorities must always be established by isolating the vital 
few causes or problems from the trivial many.

For example, consider the problem of defective consumer 
returns. From the Pareto principle we know that approximately 
20 percent or less of the product line contributes 80 percent or 
more of the returns. Further, we know that 20 percent or less 
of the root causes address 80 percent or more of the total effect 
(return dollar loss). Therefore, our limited efforts should first 
be directed to only the top 20 percent of the causes for only the 
top 20 percent of the types of products returned.

All resources are scarce and precious. There are just not 
enough resources or enough time to do everything; however, 
there is always enough time to focus on the vital few problems, 
root causes, and opportunities. Again, always focus on the dia-
monds—never waste time playing in the dirt!

From Symptoms to Causes

Every problem has associated with it at least one cause and also, 
usually, many symptoms. If the causes are identified and elimi-
nated, the problem will be eliminated. If only the symptoms are 
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treated, the problem will continue to exist, since symptoms are 
merely indications of the existence of a problem. It is, therefore, 
very important to distinguish between causes and symptoms.

From Causes to Vital Root Causes

Since 20 percent or less of the causes produce 80 percent or 
more of the effect, it follows that 80 percent or more of the 
causes produce 20 percent or less of the effect. Figure 7.1 is a 
typical Pareto chart of causes and their corresponding effects. 
Note that in this example the number-one cause contributes 50 
percent of the total effect. The number-two cause contributes 
30 percent of the total effect. And the number-three cause con-
tributes 15 percent of the effect. Also note that the remaining 
17-plus causes contribute only 5 percent of the total effect. In 
this case the top 3 causes represent the vital few root causes, 
and the other 17-plus causes represent the trivial many.

0%

10%

20%

30%

40%

50%

60%

10987654321 20+........

Effect

Vital few

Cause

Trivial many

Figure 7.1  Pareto chart of causes.
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Discovering the Vital Few Root Causes

There are DOE tools for isolating the vital few root causes 
from the trivial many causes. When there are more than 20 
variables, multi-vari charts can be used to reduce the suspect 
variables down to a more manageable number. The variables 
search method is used when there are 5 to 20 variables. A full 
factorial method is used for 4 or fewer variables. And finally, a 
B versus C test is used to validate that the vital few causes have 
been found.

These DOE tools allow you to eliminate the unimportant 
causes and identify the vital few root causes and how they 
should be controlled to prevent the problem from ever occur-
ring again. Keki Bhote’s outstanding book, World Class Qual-
ity,� provides an excellent presentation of the best DOE tools 
for filtering out the unimportant variables and homing in on the 
vital root causes.

Place Importance Over Urgency

When setting priorities, it is important to emphasize the dis-
tinction between urgent and important tasks. Urgent tasks com-
pel immediate action, but they may not be important. A ringing 
telephone is an example. Important tasks strongly affect the 
course of events, but they may not be urgent. Performing main-
tenance on your car is an example.

Referring to Figure 7.2, it is obvious that tasks that are both 
important and urgent will receive the highest priority. Likewise, 
it is obvious that tasks that are both unimportant and non-urgent 

�. �Keki Bhote and Adi Bhote. 2000. World Class Quality: Using Design of 
Experiments to Make It Happen, 2nd ed. New York: American Manage-
ment Association.
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will receive the lowest priority. In fact, these tasks should be 
avoided altogether. Just don’t do them.

The key point is that tasks that are important and non-urgent 
should be the second-highest priority, and these tasks must 
not be sacrificed for the purpose of doing urgent and unim-
portant tasks. The second-priority quadrant is typically where 
prevention-oriented projects reside, and these important activi-
ties should never take a back seat to tasks in the third-priority 
quadrant.

Convert Data into Wisdom

Nobody likes to read a report containing just data. Data reports 
do not readily provide any meaning or inspire any action. They 
are ugly, boring, and a waste of people’s time. They often get 
relegated to the trash can or shredder, which is usually where 
they belong. So, what should be done with the data being gen-
erated that management needs to review and understand?

Task urgency

Low

Low

High

High

Second
priority

Top
priority

Third
priority

Avoid

Task
importance

Figure 7.2  Setting priorities.
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Those data must be converted into information. This is 
done by applying the Pareto principle to the data. The objec-
tive, once again, is to isolate the vital from the trivial (the dia-
monds from the dirt). By taking the data, isolating the vital few 
contributors, and including this in the report, you convert the 
data into information. The report becomes user-friendly and is 
much more likely to get management’s attention and inspire 
action. But don’t stop there.

The information must be converted into knowledge. This is 
done by determining the vital few root causes for the variations 
or variances. By determining and reporting on the root causes, 
you convert the information into knowledge. You achieve a 
higher level of understanding, and the report becomes more 
professional and actionable. However, you are not done yet.

The knowledge must be converted into wisdom. This is 
done by implementing prevention systems to address the root 
causes of the variation or variances. When prevention sys-
tems are implemented to eliminate errors and variances, you 
will have achieved the highest level of understanding, called 
wisdom.

The idea is to always seek a higher level of understanding. 
You must strive to convert data into information, information 
into knowledge, and knowledge into wisdom. Figure 7.3 sum-
marizes this concept of the hierarchy of understanding.

Less Is More

Another concept that can be derived from the Pareto principle is 
that oftentimes less is more. Whether we are referring to reports, 
memos, specifications, number of component parts, processes, 
or systems, this is a good principle to keep in mind. Eliminating 
anything that is unnecessary and irrelevant—including things 
like words, sentences, data, information, component parts, pro-
cess steps, movement, transportation, and packaging—results 

74	 Chapter Seven



in a leaner, simplified, and therefore improved situation. Com-
munication, speed, efficiency, reliability, and cost structure all 
improve.

The Pareto principle directs us to focus our limited resources 
on the vital few causes and contributors instead of the trivial 
many. The “less is more” concept directs us to focus on the vital 
few items or activities that add the highest value. If it doesn’t 
add significant value, then eliminate it.

Perform Strategic Auditing

Focusing on what is vital also applies to auditing. If one is 
properly operating in the prevention mode, then the only rea-
son for auditing is to verify that the prevention systems and 
processes are continuing to function correctly. Auditing should 
not be performed to control material quality, product quality, 
or anything else.

Audits should be planned and performed to obtain an ade-
quate amount of information with the minimum amount of 
effort and cost. Audits are only performed to ensure a reasonable 

Wisdom

Knowledge

Information

Data

Prevention

Root causes

Pareto analysis

Figure 7.3  Hierarchy of understanding.
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level of confidence that the prevention systems are working. 
This type of auditing is called strategic auditing, and it is the 
only type of auditing that should be planned, budgeted, and 
performed. Any other type of auditing should be immediately 
stopped.

It is important to note that confidence level in auditing is 
almost totally dependent on the absolute size of the sample. 
It is practically independent of the total population or lot size 
from which the sample is taken. The sample size of the audit, 
therefore, should not be based on the lot size. And it should 
never be specified as a percent of the lot size! Strategic audits 
should use small sample sizes and be frequent enough to ensure 
that the information will be representative over time. More fre-
quent audits with small sample sizes is a better approach than 
infrequent audits with large sample sizes.

It is a good idea to perform strategic audits on suppliers’ 
shipments, but only enough to develop a “report card” on each 
supplier’s performance and to measure the effectiveness of each 
supplier’s prevention practices. For example, strategic audits 
might be used to track the process average defective rate of a 
supplier’s production process. Strategic audits may also be used 
to generate information (notice I didn’t say “data”!) on trends 
in vendor performance. Again, use small sample sizes with a 
planned periodic audit frequency. Since auditing is expensive, 
you only want to conduct just enough to obtain reasonable con-
fidence on your performance and trend information. Any more 
auditing than that is a waste of time and money.
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8

Breakthrough Improvement

Create innovative breakthrough 
improvement for quality leadership 
and superior market share.
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If It Ain’t Broke, Fix It

The expression, “If it ain’t broke, don’t fix it,” is now old, 
worn-out, and obsolete! If an organization is standing still and 
relying on yesterday’s standards, then it is being overtaken 
and outdistanced by the competition. Those who want to rest 
on their laurels have already lost and just don’t know it yet. 
Any past winner of the Indianapolis 500 race understands this 
instinctively.

Figure 8.1 shows cars in the 1955 and 2005 Indianapolis 
500 races. Consider that in the 1955 Indianapolis 500 race, Bill 
Vukovich had the fastest lap with an average speed of 141.354 
miles per hour. Fifty years later in the 2005 race, Tony Kanaan 
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had the fastest lap with an average speed of 228.102 miles 
per hour. Now, certainly there was nothing wrong with Bill 
Vukovich’s car in 1955. It is quite clear, however, that without 
any innovation and improvement, his performance level soon 
becomes inadequate and obsolete.

Breakthrough improvement, in a sense, means constantly and 
deliberately “breaking it and fixing it.” You must view yourself as 
your toughest competitor. You must constantly create new prod-
ucts that render your current products obsolete. This means you 
must fix it, even if it “ain’t broke”—especially if it ain’t broke. 
Any enterprise that doesn’t understand this will end up trying to 
sell slide rules in a world of calculators (see Figure 8.2).

Drive Breakthrough Improvement 
through Continuous Innovation

There is no such thing as product perfection, just as there is 
no such thing as product safety perfection. Although perfec-
tion may be a vision, it cannot be an achievable performance 
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Figure 8.2  �Beyond continuous improvement to breakthrough 
improvement.
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standard. The performance standard, however, can and must be 
to achieve product excellence. Product excellence means that 
the product achieves the state-of-the-art performance standard 
with respect to consumer safety, quality, and technology. If you 
do not maintain an understanding of where the state of the art 
currently is and how to go about achieving it, consumer loy-
alty is vulnerable. That means your organization is vulnerable. 
To achieve consumer loyalty, a standard of product excellence 
must be achieved and maintained.

An organization that does not innovate will eventually die. 
Yesterday’s standards do not hack it today, and today’s stan-
dards will be inadequate tomorrow. To prevent organizational 
atrophy, it is mandatory to continually keep up with the con-
stantly evolving technological environment. To ensure organi-
zational vigor and success, it is important to keep pushing the 
leading edge of the state of the art. This requires more than just 
continuous improvement. It requires continuous innovation in 
search of radical, or breakthrough, improvement.

The following sections describe what can be done to ensure 
that your organization is in the right position for driving continuous 
innovation, breakthrough improvement, and product excellence.

Benefit from Benchmarking

It can be very beneficial to routinely meet with best-in-class, 
best-of-breed companies to search for new ideas, processes, 
methods, and best practices. This constant search for best prac-
tices must draw from a broad range of industries, since methods 
used in other industries can be valuable to your organization, 
often with very minimal modifications. Seeing what other 
industries are doing to build consumer loyalty and achieve 
competitive advantage can be very instructive.

The benchmarking activity involves touring the company’s 
operation and sharing information to fully understand their sys-
tems, processes, and methodologies. This is especially impor-
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tant in the area of product safety and compliance. Sharing this 
type of information benefits not only both companies but also 
the consumer and, ultimately, society. It is important to your 
organization’s success. It is also the right thing to do.

Serve on Standards 
Development Committees

Having representatives from your organization serve on stan-
dards development committees or industry association com-
mittees is important for understanding the state of the art with 
respect to industry standards. Even more beneficial is under-
standing the rationale behind each standard. This provides a 
special understanding and insight that ultimately ensures more 
thorough product design evaluations and better compliance.

Serving on these committees also provides the opportunity 
to participate in the standards development process to ensure 
that the discussions and considerations incorporate your organi-
zation’s points of view. It allows your organization to construc-
tively influence the content and rationale of new standards. This is 
especially important in the product safety area because it affords 
you the opportunity to prevent the promulgation of inadequate 
and incomplete standards that could otherwise unreasonably and 
unwittingly restrict your current and planned product lines.

Finally, serving on standards development committees pro-
vides an opportunity to network with representatives from other 
companies with a common interest. This can lead to excellent 
benchmarking activity.

Cultivate Relationships with 
Regulatory Bodies

Maintaining a connectivity and rapport with regulatory agencies 
that have jurisdiction over your products can be very beneficial 
for your organization. It can help keep you ahead of regulatory 
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changes, often even providing you with the opportunity to offer 
input and positive influence prior to the finalization of new and 
revised regulations. It can also give you firsthand knowledge as 
to how your products are tested, inspected, and evaluated.

Maintaining a communication link and positive relation-
ship with compliance staff can give you special knowledge and 
insight into how compliance decisions are made. It can help 
keep you up to date on general injury data and patterns as well 
as contemplated and proposed standards. This can enable you 
to keep your internal safety standards advanced and relevant.

Building and maintaining a relationship with regula-
tory agency technical staff also provides valuable additional 
resources for your organization. They can provide very helpful 
guidance and direction to improve the thoroughness and effec-
tiveness of the safety and quality evaluation of your new product 
concepts. These resources can sometimes become a significant 
economical extension of your own technical staff. Take advan-
tage of their expertise where and when appropriate.

Connect with Outside 
Technical Resources

It is generally not practical or financially feasible for an organi-
zation to have on hand all of the technical expertise necessary 
to thoroughly critique all new product innovations. There are 
just too many diverse technical areas. Some examples include 
expertise in chemistry, microbiology, physiology, acoustics, 
ophthalmology, psychology, toxicology, and human factors.

It is therefore necessary to expand your organizational com-
petence with outside technical expertise by maintaining a net-
work of technical experts to use as needed. This may include 
medical doctors or specialists at local hospitals, professors at 
local universities, outside professional laboratory personnel 
and experts, and, yes, even outside lawyers who specialize 
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in product liability prevention. The point is that these experts 
really become an extension of your organization. They can be 
contacted when needed to provide evaluations, critiques, input, 
and direction. These connections can really help prevent an 
organization from falling into the “don’t know what you don’t 
know” danger zone shown in Figure 2.3.

Evaluate Your Competition

The primary focus of an organization must clearly be the con-
sumer. It is all about delighting the consumer and continuing 
to earn their trust and loyalty. The consumer is king! However, 
a secondary focus must be your major competition. You must 
ensure that you are always staying ahead of your competition.

In the 1978 study by the Strategic Planning Institute, it was 
shown that product quality, as perceived by the consumer relative 
to the competition, is positively related to net profit and return on 
investment. Please refer back to Figures 3.1 and 3.2 for review.

It is therefore vitally important that your product be per-
ceived by the consumer as superior to that of your general com-
petition. To accomplish this, you must continually evaluate the 
product of your major competition against your own product. 
From time to time this may reveal weaknesses that must be 
corrected. This practice will help ensure that you keep ahead of 
your major competition.

Keep a Clear and Sound 
Vision and Strategy

A sound vision and strategic plan are primary tools for lead-
ing an organization to sustainable growth and viability. A clear 
vision and plan promote teamwork and pull an organization in a 
common, positive direction that drives efficiency and effective-
ness. To ensure that your vision and strategies are sound, you 
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must be aware of the leading edge of the ever-changing state 
of the art. Benchmarking with best-in-class companies, serv-
ing on standards development committees, maintaining strong 
relationships with regulatory agencies, building a network of 
outside technical resources, and constantly evaluating the major 
competition will help provide that awareness. To do anything 
less is to let your organization and the consumer down.
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9

Conclusion

Ostracize errors, variation, and 
waste from your organization.

Errors

Variation

Waste



Inspire the Organization

Enabling excellence is really about having an inspired organiza-
tion. It is about having an organization that comprehends what 
excellence is all about and how to apply relevant tools and con-
cepts for achieving it. It is about having a culture of teamwork 
where errors, variation, and waste are constantly battled, and 
where mistakes and change are always embraced. It is about 
an environment where importance trumps urgency, where the 
focus is always on the vital few root causes, and where data is 
always converted into wisdom.

It is also about management priorities of brand building, 
continuous innovation, and constantly leading and pushing the 
state of the art in thought and technology. Most of all, it is about 
serving consumers to earn and keep their trust and loyalty.

When management concentrates on providing a clear and 
focused vision and plan and eliminating roadblocks and barriers 
to progress, it is macromanaging. Macromanagement inspires 
and motivates the organization and enables great teamwork to 
develop and thrive. It creates a challenging and fun environ-
ment where people are energized and motivated. This leads to 
higher levels of performance and achievement.

You now have the vision and plan for enabling excellence 
and for maintaining an inspired, high-performing organization. 
To accomplish this, all human resources must be focused on the 
seven vital elements:

	1.	Planning and preparing for error-free performance by 
eliminating the opportunities for error

	2.	Serving and delighting consumers, constantly working to 
protect them and to earn and keep their trust and loyalty

	3.	Verifying that processes are capable of meeting the 
requirements
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	4.	Controlling the processes to prevent the production of 
errors/defects

	5.	Continually reducing variation, with the goal of zero 
variation

	6.	Applying the Pareto principle to identify the vital few 
causes, priorities, and opportunities

	7.	Driving continuous innovation and breakthrough 
improvement, constantly pushing the leading edge of 
state-of-the–art technology

These seven elements represent the key to enabling sustainable 
excellence and competitive advantage. They will also make your 
organization armed and dangerous to the “big three evils,” and 
you will be inspired to ostracize them from your company.

Ostracize the Three Big Evils

It is now time to take some urgent and important action. It is 
now time to:

Eliminate delays in delivering product to your customer

Eliminate material and product rejections during 
production

Eliminate defective returns and complaints from your 
customers and consumers

Eliminate product recalls, product liability lawsuits, and 
product safety concerns

In short, it is now time to ostracize errors, variation, and 
waste—the three big evils—from your organization.

Errors, variation, and waste are the big barriers to excel-
lence. They must be eliminated. Enabling and empowering 

•

•

•

•
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your organization to deal effectively with these three evils will 
allow it to begin achieving true excellence.

As errors, variation, and waste are prevented, excellence 
begins to grow. And this leads to building real consumer loy-
alty, substantial brand power, and strong competitive advan-
tage. All of this will be made possible by the implementation 
of the seven vital foundational elements.

Create Masterpieces

Successful companies don’t just create products, they create 
masterpieces. They think in terms of craftsmanship, social 
responsibility, and product integrity. They also think in terms of 
constant innovation, breakthrough improvement, and delight-
ing the consumer. They constantly strive for higher levels of 
excellence.

These organizations are built on a solid foundation that 
enables excellence—a foundation of prevention, consumer 
focus, process capability, process control, reducing variation, 
applying the Pareto principle, and breakthrough improvement. 
They know how to build brand value and earn consumer trust 
and loyalty. They know how to create masterpieces. As a result, 
they enjoy a significant advantage over their competition.

Figure 9.1 shows some examples of masterpieces. The 
examples are diverse. Some are small and ingeniously simple. 
Others are large and relatively complex. However, they all share 
at least one characteristic: They provide consistently high value 
and delight to the consumer. The consumer has trust in them 
and is loyal to them. That is the sign of a true masterpiece.

Enable Excellence

You now have the basic ingredients for building a foundation 
for excellence in your company. You have the roadmap and 
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basic tools for enabling excellence. Please remember that it is 
not about motivation, commitment, doing more, or working 
harder. It is about having the right plan and focusing on the 
vital few foundational concepts. Motivation, inspiration, enthu-
siasm, and commitment will be a result of enabling excellence, 
not a cause.

With the foundation for excellence in place, you can ostra-
cize the three big evils and enable excellence to flourish in your 
organization. You can prepare your organization for creating 
masterpieces for your consumers and enjoying a real com-
petitive advantage. Best wishes on your journey to excellence. 
Godspeed.

Figure 9.1  Examples of masterpieces.
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Appendix A

Ten Questions to Test Your 
Excellence Savvy

	 1.	 Safety Excellence

True or False

The most important reason safety goals are sometimes 
not achieved is an insufficient commitment to safety.

	 2.	 100 Percent Inspection

True or False

The best way to achieve product excellence is to rely on 
100 percent inspection.

	 3.	 Quality Standard

True or False

The quality standard must allow for some defects because 
everyone makes mistakes.



	 4.	 Root Causes of Errors

True or False

Lack of knowledge and lack of attention are the reasons 
for most errors/defects.

	 5.	 Schedule vs. Quality

True or False

It is better to get the job done on time with some defects 
than to be late with defect-free output.

	 6.	 Quality Measurement

True or False

The best measure of quality effectiveness is overall 
defective levels.

	 7.	 Industry Standards

True or False

The primary goal of a product safety function is to ensure 
that industry safety standards are met.

	 8.	 State of the Art

True or False

Manufacturers may be required to meet the state of the 
art with respect to product safety.

	 9.	 Conformance to Requirements

True or False

If the safety specification requires a product attachment 
to withstand 5 inch-pounds of torque, and 10 product 
attachments are tested to 5 inch-pounds of torque with 
no failure, then we have adequately demonstrated con-
formance to the safety requirement.
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	 10.	 Cost vs. Quality

True or False

Higher quality means higher cost.

Please turn to Appendix B for the answers.
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Appendix B

to the Quiz
	 1.	 Safety Excellence

False

Achieving product safety excellence is more about com-
prehension than commitment. It requires an understand-
ing and application of prevention tools and processes, 
such as design hazard analysis, factors of safety, pro-
cess capability analysis, and process control. People are 
generally very committed to product safety, but they are 
often unfamiliar with the right tools and how to apply 
them for achieving it.

reference: Chapter 1, “Comprehension vs. Commit-
ment” section.

	 2.	 100 Percent Inspection

False

100 percent inspection is not 100 percent effective. It is 
at best 80 percent effective. Depending on the type of 
product, type of defect, and inspection method, it can 
sometimes be less than 50 percent effective. In this case, 



the majority of the defects will still remain after 100 per-
cent inspection. The only way to achieve product excel-
lence is to eliminate the opportunity for defects.

reference: Chapter 2, “Avoid Inspection” section.

	 3.	 Quality Standards

False

The quality standard must be zero defects. We must plan 
for and expect zero defects. The process that manage-
ment provides to the worker must be capable of pro-
ducing defect-free output. The goal, of course, is zero 
variation.

reference: Chapter 6, “Move from Zero Defects to 
Zero Variation” section.

	 4.	 Root Causes of Error

True

Lack of knowledge and lack of attention are the two root 
causes for most errors/defects.

reference: Chapter 2, “The Two Root Causes of Most 
Errors” section.

	 5.	 Schedule vs. Quality

False

It is always better to do the job right the first time than 
to do it over again later in the process. An effective pre-
vention system ensures that quality is designed and built 
into the product, resulting in an on-time and defect-free 
output . . . consistently.

Note: A consumer who receives a defective product will 
not appreciate that it was delivered on time!

reference: Chapter 3, “High Quality Means High 
Profitability” section.
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	 6.	 Quality Measurement

False

Defective rates are good indicators, but the best measure 
of quality effectiveness is reduced total quality costs, 
especially failure costs.

reference: Chapter 2, “The Prevention Concept” 
section.

	 7.	 Industry Standards

False

Industry standards may not cover every possible prod-
uct safety consideration. In a study of U.S. Consumer 
Product Safety Commission recall information, approxi-
mately 80 percent of the recalled product met all man-
datory and industry standards. Although it is important 
and necessary to meet industry standards, it is often not 
sufficient.

The primary goal of a product safety function is to pro-
tect the consumer against unreasonable risks of injury. 
An awareness and understanding of consumer injury 
data and reasonably foreseeable consumer use and mis-
use are very important factors that must be included in a 
comprehensive product safety system.

reference: Chapter 3, “Build Brands, Not Commodi-
ties” section.

	 8.	 State of the Art

True

Product safety perfection is not possible or expected. 
Product safety excellence, however, is achieved when the 
state of the art is achieved in standards and technology.

reference: Chapter 1, “State of the Art vs. Perfection” 
section.
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	 9.	 Conformance to Requirements

False

If 10 units are tested to the specification and all pass, the 
best you can state is that you are 90 percent confident that 
the true failure rate is less than about 20 percent (refer to 
Figure 4.1 in Chapter 4). This result is not acceptable for 
product safety. The correct procedure is to test to failure 
and calculate the test failure average and standard devia-
tion. From these two parameters (average and standard 
deviation) the failure rate in parts per million defective 
can be determined.

reference: Chapter 4, “Test to Failure, Not to Speci-
fication” section.

	 10.	 Cost vs. Quality

False

Since quality is defined as “conformance to require-
ments” (in other words, freedom from defects), then 
higher quality results in lower costs—less repair, scrap, 
customer and consumer returns, and so forth. Remem-
ber, the best organizations spend the least on quality.

references: Chapter 2, “The Prevention Concept” 
section; Chapter 3, “High Quality Means High Profit-
ability” section.
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