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Preface
In 2010, my journey in managing for quality officially began. Attending
a color certification seminar for large national printers, I was taken-aback
that I was the only “printer” in a class full of IT employees with no printing experience. It appeared that print organizations were deferring the
responsibility for quality management to computer engineers rather than
print production employees. Call me old-school, but I would assert that
the best people to manage quality in the graphic communication industry
are the people who actually run the equipment, manage the technology,
and respond to the myriad of problems that occur daily in the logistics of
graphic communication.
As the GRC industry becomes more reliant on digital technology, it is imperative that our processes be defect-free and able to adapt to the changing
needs of our customers. No longer are were merely designers or printers;
we are engineers of technology and as such, we need to learn how to manage for quality by thinking like an engineer.
Since the 1980s, the quality management system, Lean Six Sigma, has
transformed manufacturing and service organizations into world class
examples of operational efficiency. Having filtered hundreds of Lean Six
Sigma tools and methodologies, herein are those I consider most useful
for improving and maximizing efficiencies as well as implementing GRC
improvement and opportunity projects.
While I am a printer by trade, the topics and tools covered in this publication can be applied to any graphic communication segment – UX/UI, App
development, offset, heat-set, in-plant, packaging, electronic printing, etc.
The overarching methodology employed throughout this publication is the
Define-Measure-Analyze-Improve-Control (DMAIC) problem-solving tool
of Lean Six Sigma. Ultimately, we want to get to the place where this is our
default methodology.
In order to effectively manage for quality, we must be able to address and
answer the following questions:
•
•
•

What evidence is there that a problem exists?
Can we identify and articulate what the problem is?
What is the cause of the problem?

•
•

How do we propose to solve the problem and how will we test our
solution?
How do we prevent the problem from reoccurring?

The chapter outline for this book follows a linear progression in the Managing for Quality in Graphic Communication class I teach at Cal Poly, San
Luis Obispo. Students will cover and apply most of the methodologies and
tool throughout the quarter. Obviously, casual readers are free to skip to
tools and methodologies that most interest them.
I wish to acknowledge and thank Dr. Jill Speece from Business Excellence
Enterprise, Templeton CA., and Dr. Malcolm Kief from Cal Poly, San Luis
Obispo CA., for their instruction, mentorship, and friendship in my Lean
Six Sigma journey. I would also like to recognize my wife and editor of 23
years, Candace, whose patience, support, and sacrifice I cannot repay.
For those who wish to dig deeper, there are a number of excellent resources
included in the bibliography that will help you reach the next level in your
understanding and competency of Lean Six Sigma.
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Chapter 1

The Culture of Quality
Having worked in the GRC industry for over 34 years, I’ve seen a lot of
quality nightmares. I remember the horror of desperately rummaging
through boxes of printed material in an effort to find a few samples that
matched customer press checks and the agony of having to rerun a job following an epic failure (not to mention the inevitable aftermath of carnage
and ensuing witch hunt to track down those responsible for said disaster).
Botched jobs, eroding employee morale, shrinking customer confidence,
and the sickening realization that more than money was being lost, are all
experiences that have at times made me seriously question whether the
print industry was the right career choice for me.
Regretfully, the majority of shops that I’ve worked in fostered a culture
of quality that expected and even planned for defects, rework, and scrap,
which were considered inevitable. If an employee “blew it” they would
likely be scorned, reprimanded, or even fired. In these kinds of shops,
management maintains a molten grip and rules by fear in an effort to ensure “quality” production by “motivating” employees with intimidation,
guilt, and punishment.
Have you ever worked in a organization with these culture types?:
Comfortably Dysfunctional
In this culture conflict is avoided at all costs and people put up with inappropriate behavior from management and other employees. On going dysfunction may be perpetuated because we are conflict or change
adverse, especially if we carved out a comfy place in the organization
or we perceive change will require extra effort on our part.
Dictatorial / Fear-Based
This type of culture is rampant and frequently present in the highest
offices of our country and even fortune 500 companies. Here, management is often portrayed as being “strong and intolerant of mistakes.”
While there may be some merit in these goals, in this culture, risks
are rarely encouraged and failure is unacceptable, both of which foster
debilitating working conditions.
1

Helicopter Management
Similar to and often found concurrently with dictatorial and fearbased management, this type of culture is steeped in micromanagement, management by objective , and productivity measured through
a misuse of metrics.
Flaccid Management
Management will not or cannot make decisions, leaving employees
unclear as to what their job parameters are. Employees maybe left to
fend for themselves to solve problems or make decisions that are above
their pay grade. Should they make “wrong” decisions they may be
punished, often by the same manager who would not make the decision him/herself.
Acceptable Quality Levels (AQLs)
Defects, rework and scrap are expected and figured as the cost of doing
business.
Customer Bias
Management exhibits blatant bias towards customers who can pay
more, are considered “powerful,” have certain physical characteristics, or possess some other type of attribute that management desires.
Organizations that have this “pay to play” mindset provide fuzzy and
subjective definitions of quality to their employees and foster a culture
of inequality.
As managers of media, we create the culture of quality in our organizations and so we are responsible for most quality problems that occur. Inadequate training, incomprehensible or neglected operating procedures,
and poorly designed processes are just a few of the areas where we fail in
achieving quality.
As managers, we should ask ourselves the following questions when considering our culture of quality:
•
•
•
2

Do I really know what the Critical-to-Quality (CTQ) needs of
the customer are?
Am I able to provide those CTQ functions to meet customer
needs?
Am I able to identify whether my products are meeting customer expectations?

•
•
•
•
•
•
•

Do I accept defects
As managers of media, we
as being unavoidcreate the culture of quality
able?
in our organizations and so
Do I know the root
we are responsible for most
cause of defects that
are occurring?
quality problems that occur.
Do I know what my
associated costs are
due to poor quality issues?
Do my employees know what I do/don’t value?
Do I consistently seem to have employee morale issues (e.g.,
rapid turnover, frequent medical leave requests, etc.)?
Am I using metrics for performance and, if so, what am I doing with those metrics?
Do I rely on benchmarking (comparing myself to others) for
designing processes and systems?

These questions help define the culture of quality in our organizations. Are
we continually improving and being innovative, or are we stagnant and set
in our ways? With the demand for commercial print products continuing to
decline (31% in the last ten years!), profit margins hovering in single digits,
and the abysmal projection that the typical company will lose 30-40% of its
total sales due to poor quality issues, we must analyze the culture of quality
that is present either by design or default in our organizations. By designing systems and processes that meet customer needs while striving for
operational perfection by preventing defects, organizations can create and
maintain a culture of quality. These organizations will be better positioned
to survive in our current climate of multi-channel choice (reduced demand
for print) as well as brutal price war competitions that erode profit margins.
Prior to the quality movement of the last 50 years, American manufacturers have typically allowed for a certain percentage of defects to reach the
customer. However, with the renaissance in managing for quality that has
occurred in the last part of the 20th century, manufacturing has seen a
shift in emphasis from “quantity to quality.” Quality gurus W.E. Deming,
Walter, Shewhart, Joseph Juran, Phillip Crosby, Sakichi Toyoda, Taiichi
Ohno, Jack Welch, and a host of others responsible for developing quality
management systems after World War II, greatly influenced a shift in the
focus of managing for quality from “inspection to prevention.” (Their recommendations and quality philosophies are found throughout this publication.)
3

In addition to strategy, at the most basic level, any successful business must
employ operational efficiency to obtain a competitive advantage in its market. While defining operational efficiency might seem like a no-brainer,
it isn’t so cut and dry (since what is efficient to me may not be efficient to
you).
We can create a culture of quality by adopting Crosby’s simple, but
over-arching philosophy – we’ll do what we say we’ll do and we’ll do things
right the first time. In this new culture, every stakeholder in an organization (customer, employee, shareholder, and community) will know why a
company is in business and how it is performing through the efficient use
of metrics and tools used to quantifiably gauge performance in meeting
customer needs.
This philosophy avoids comparison benchmarking (looking at how bad
others are doing to feel better about ourselves) and instead sets its own
goals, designing systems and processes to achieve those goals. How we
move into this new culture of quality requires a clear understanding of how
our current processes are performing down to each step. Because 90% of
all quality issues can be directly attributed to poor management (Deming),
today’s manager should assume responsibility for failures that occur.
In the graphic communication industry, we are confronted with perpetually shrinking profit margins as bids become more competitive. Despite
consolidations and attrition, competition is still strong, and it seems that
more and more companies are willing to price their products ridiculously
low. As a result, now more than ever, our industry has no choice but to focus all our efforts in achieving operational efficiency since the only way to
make up shrinking profit margins is to do the work correctly the first time,
eliminating rework or scrap (see The Diva’s Pen case study).
Quality is free - so doing things over again because you didn’t do them
right the first time is the true
The over-arching principle of
cost of quality (Crosby). Reoperational efficiency is this:
work, scrap, and engaging in
non-value added, non-prowe’ll do what we say we’ll do
ductive activities does not
and we’ll do things right the
result in quality, so realizing
first time.
how much poor quality is
costing us is the best incentive for making changes to how we do business. Again, the over-arching
4

principle of operational efficiency is this: we’ll do what we say we’ll do and
we’ll do things right the first time. This should be considered the cost of
doing business. It’s not the cost of quality that shows up in a P&L statement,
it’s the cost of “poor quality.” The problem we most often face is that we
really don’t have a clear picture of what inefficiencies in our operation are
costing us.
Years ago, my paper salesman told me a story of setting up a small aboveground pool in his backyard. To heat the pool, he covered the surface
with bubble wrap
which acted as
Six Objectives to a Quality System
a solar heater.
1. Minimize variation, maximize		
When his friends
consistency
came over for a
2. Focus on delighting customers and
party
everyone
employees
made disparaging
3. Remove waste, mistakes, delays,
remarks about his
defects, accidents (5 evils)
“Richie Rich pool
with the tacky
4. Practice continuous improvement
bubble wrap.” No
in everything – excellence
way were any of
5. Empower those around you to 		
his sophisticated
make improvements – passion
guests with their
6. Be responsible individually and as
up-turned noses
a team member
going to get into
that ridiculously
sub-par pool. However, a few adult beverages later as the party wore on,
you guessed it – all those naysayers were happily splashing about in the
blow-up bubble-wrap-warmed, pool.
Those of us in the GRC industry are endlessly bombarded by management
trends promising quality results. We are understandably skeptical. As a
quality management system, Lean Six Sigma might at first seem like just
another crazy idea or trend, but if we take the time to investigate, we’ll find
it makes sense and it works.
Lean Six Sigma is not a self-help project. It incorporates key concepts
from renowned quality philosophers and “the best” of all the management
systems developed over the last 50 years, combining them into a comprehensive methodology with measurable, trans-formative results. Lean Six
Sigma utilizes tools to reduce variation and defects in a process to deliver
5

products and services that consistently meet customer requirements. By
implementing Lean Six Sigma, you are striving for operational perfection,
utilizing tools that produce quantifiable results. Whether perceived or
proven, the effect that quality has on an individual is a powerful motivator,
both for your customer and your employees.
The path to improving quality rests solely on the shoulders of future GRC
leaders. Without implementing intentional strategic changes, we cannot
expect quality to improve. The goal of this book and course is to give you
the tools you will need to implement breakthrough improvements and realize untapped opportunities.

Companies that use Lean Six Sigma
3M
British
Fortis
Mearsk
Rio Tinto
Accenture
Telecom
GE
Metlife
Alcan
Adani
Caterpillar
GMR
Microsoft
SAIL
Airtel
Citi Bank
HCL Tech
Motorola
Snapdeal
Albertsons McKesson
Home Depot Norton
Suzuki
Amazon
Congnizant
Honda
Philips
Target
BOFA
Crist
ICICI Bank PnB
Textron
Barclays
DELL
Solutions
RBS
Toyota
Best Buy
Dunlop
Indigo
Reliance
UPS
Big Lots
EBAY
Infosys
Renault
USArmy
Black
EMC
Kodak
Nissan
USMarines
&Decker
Entercom
Kotak
Raytheon
USPS
Boeing
FedEx
Lowes
Sears
Walmart
British
Ford
John Deere		
Xerox
Airways							

What does Six Sigma Mean?
People who are curious about Lean Six Sigma, check out a book or investigate on-line and are often deterred because they find math and statistics
and may give up in their efforts to understand. While Lean Six Sigma does
require some knowledge of high school-level math and statistics (Statistical Quality Control – SQC), it is because of the math that makes Lean Six
Sigma so useful as all results are quantifiable (who can’t relate to an improvement rate of 40%!). Lets go over some basic math terminology and
concepts that will explain what Six Sigma means.
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Figure 1– Standard Normal Distribution With 6 Sigma Spread (Wikipedia)

-1σ

-2σ
-6σ -5σ

-4σ

-3σ

μ

+1σ

+2σ
+3σ

+4σ +5σ +6σ

Represented by the Greek lower-case letter (σ), Sigma is the standard deviation (the average distance from the mean) of the data. In a standard
normal distribution (bell curve), the mean (the arithmetic average, or a
measure of central tendency), represented by the Greek lower-case letter
(µ) or by Xbar and is surrounded by varying degrees of standard deviations
(1 sigma, 2 sigma, etc.). In 2 sigma for instance, the standard deviation is
multiplied by 2 and then added and subtracted from the mean capturing
the data that drifts in the 4 sigma zone- two to the left and two to the right
of the mean.
The standard deviation (sigma) is an indicator of variation in a process. A
low sigma indicates the data tends to be very close to the mean with few to
no outliers; a higher sigma indicates data is spread out over a large range
of values which is an indicator that undesirable variation (special cause) is
present in the process.
Sigmas to the left of the mean are negative numbers and are subtracted
from the mean. Sigmas on the right are positive numbers added to the
mean. The quality guru, Walter Shewhart (1891-1967) noted that spikes
or dips past three standard deviations from the mean indicated that the
system could be in a fault status. In Lean Six Sigma any data (or products)
outside a ±3 sigma range (called control limits) indicates the presence of
7

unnatural or uncontrollable variation
in the process. Unnatural variation is
called special cause variation, and if
present, creates an unstable system.
Because an unstable system is an unreliable system, we can’t count on it
for consistent performance. The goal
of Lean Six Sigma is to eliminate virtually all special cause variation ensuring the process will perform predictably without defects.

The goal of Lean Six
Sigma is to eliminate
virtually all
special cause
variation ensuring the
process will perform
predictably without
defects.

In a standard normal distribution (figure 1) 68.26% of the data lies within
± 1 sigma; 95.44% of the data lies within ± 2 sigma; and 99.73% of the data
is within ± 3 sigma. Historically, acceptable control limits have been set at
a 3 sigma spread (± 3σ) or less than .3% of the data would fall outside of the
3 sigma control limits which translates to 67,000 Defects per Million Opportunities (we will discuss DPMO later). In Lean Six Sigma, 99.99966% of all
the data/products falls within the 6 sigma spread (± 6σ, thus the name Six
Sigma) or no more than 3.4 defects per million opportunities which is what
Lean Six Sigma strives for – near perfection. Since most businesses operate
between 3 and 4 sigma, indicating a loss of revenue due to poor quality, the
widespread need for improving operational efficiency is obvious.
Throughout this book we will examine the Define-Measure-Analyze-Improve - Control (DMAIC) methodology and the seven Total Quality Tools
(TQT) that are the engine of Lean Six Sigma. By the end of this course you
will learn how to successfully apply and manage your own improvement
and opportunity projects by following Lean Six Sigma principles.
The Seven Total Quality Tools:
1) Process Mapping/Flowchart
2) Fishbone Diagram - Why/Why Diagram
3) Process Capability Study (PCS)
4) Pareto Chart
5) Scatter Plot/Regression Analysis
6) Control (Process Behavior) Charts
7) Check Sheet
8

Case Study:
The Diva’s Pen
When we think of quality failures we often think of plane accidents, air bag recalls or lettuce
tainted with Ecoli. Rarely do
quality failures in graphic communication make news or come
to our attention unless we are
personally involved in the crisis.
However, every day, somewhere
in the graphic communication
universe, there is a quality failure occurring. Consider this
example of how a printing fiasco
affected not only a self-published
author but her customers as well.
Fed up with her publishers,
award-winning romance author, Sienna Mynx, posted this plea for
print quality on her website, thedivaspen.com:
“Oh my goodness! I was alerted by a fan last night that the
book “Mi Carina Volume 1” has the wrong inside typeset.
This is something that I have struggled with from the beginning; how to ensure when using a publisher to release quality books. I found out that Black Butterfly had missing chapters and I’ve tried to reach out to readers to get the books
returned and new ones issued. Now this: Please! Please! If
you have one of these books that has the errors and missing
chapters etc. please contact me. Until the printer rectifies
the situation “Mi Carina Volume I” will not be offered for
sale in print.”

9

Chapter 2

History of Quality, Quality Defined
Quality is a subjective term meaning different things to different people.
Humans have philosophized for eons about the concept of quality to determine whether it is present or absent. Ancient Greek philosophers linked
the concept of “knowledge” to characteristics of quality. These philosophers often tried to define “quality” as a property or an attribute of an object. Consider this from Plato (428-424 BC), “by ‘quality’ I mean that in a
virtue of which people are said to be such and such, the body is called white
because it contains whiteness.”
The German philosopher Immanuel Kant (1724-1804) proposed that
quality is about “correctness, usefulness and the sublimely beautiful.” The
American philosopher Robert Pirsig (1928-2017), author of Zen and the
Art of Motorcycle Maintenance asserted that, “Even though quality cannot be defined, you know what quality is.” His Zen-influenced Metaphysics of Quality (MoQ) defines quality as a perceptual experience changing
throughout the day depending on the condition of the perceiver and suggested that we would be much happier people if we would all just accept
that. When I’m famished, a handful of peanuts are pretty much as satisfying as rib eye steak…well, almost.
The rationalist Descartes (1596-1650) and the age of enlightenment (16371789) laid the foundations for our modern quality management philosophies with the simple thesis that in order for quality to be present, it must
be measurable and repeatBy defining “quality” as an
able. The industrial revolution seized upon the conattribute determined by the
cepts developed in the age of
capability of the process or
enlightenment in determinsystem to meet the need(s) of
ing quality based on comparthe customer despite known
ing the questionable product
to a successfully approved
or unknown variables that
master. As long as the sample
can occur in the process, we
passed inspection (quality
can effectively manage and
control) it was determined to
obtain quality in our graphic
possess quality.

communication processes.
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If we to look to nature in terms of quality, we observe that nature’s main objective is to perpetuate its kind; any benefit to another species is secondary.
The main purpose of any organism is its ability to pass its genes on to the
next generation, therefore, mere propagation through survival of the fittest
is nature’s way of defining quality, which echoes Pirsig’s MoQ that “Quality is the fundamental force in the universe stimulating everything from
atoms to animals to evolve and incorporate ever greater levels of ‘Quality’.
According to the MoQ, everything (including ideas and matter) is a product and a result of quality (Wikipedia).”
The hills around California’s central coast turn emerald green after winter
rains and produce a vast array of beautiful flowers in the spring. However,
if you inspect these “beauties” up close you’ll often find nasty, prickly seed
pods that are designed for one purpose - to aggressively attach to passers-by (skin, fur, clothing, other plants, etc.). The plant is not interested in
the comfort of its host, but simply in ensuring continuation of its species.
When the flower produces nectar its purpose is not to satisfy the bee but
to reproduce. Lyrics from Bungle in the Jungle (Jethro Tull, 1970s) brings
into question nature’s “quality”.... “ he who made kittens put snakes in the
grass.” If we consider the customer a major definer of quality then we cannot look to nature for a definition of quality; we must look elsewhere.
The Romanian born American engineer Joseph Juran (1904-2008) defined
quality as “Fitness for Use,” meaning product performance is 1) free from
product defects and 2) performs satisfactorily as intended. A BIC disposable ball point pen has its own “Fitness for Use” even when compared to
a Montblanc luxury pen. If the BIC pen ink flows evenly when applied
to paper, it is accomplishing exactly what a Montblanc would; both pens
produce a certain level of customer satisfaction. The BIC offers economic
satisfaction (low cost) while the Montblanc, with its enhanced product features (limited edition models can even be intricately adorned in precious
stones), provides an aura of luxury (high cost). However, in the end, both
get the job done.
The American businessman Philip Crosby (1926-2001) defined quality
as being in conformance to customer requirements. Conformance is not
limited to just meeting specifications; it means you do what you said you
would do every time and are intolerant to defects. Juran and Crosby have
been monumental in the development of the modern quality management
movement, both viewing quality as being defined by the customer. If our
products are in non-conformance we have failed to meet the customer’s
11

requirements. If we do not
please the customer we are
not producing quality products or services.

Quality is the totality of
features and characteristics
of a product or service that
bears on its ability to satisfy
given needs (ANSI, ASQ)

By defining “quality” as an
attribute determined by the
capability of the process or
system to meet the need(s) of
the customer despite known or unknown variables that can occur in the
process, we can effectively manage and obtain quality in our graphic communication processes.

A Very Brief Overview of Quality
10,000 BC to 600 AD
From humankind’s earliest beginnings, “quality” has been a determining
force behind our survival and evolution. Since the Neolithic era some
10,000 years ago, our predecessors have attempted to master agriculture,
hunting, and building methods using newly developed technology and
tools made of metal and stone. The “quality” of the material or tool gave a
competitive advantage to an individual to provide food and shelter to his/
her family, improving the chance of survival and proliferation.
As basic needs for reliable food sources and shelter were met, people had
more time to devote to tasks that further enhanced their livelihood. People
began to congregate in villages, towns, and cities. Government entities and
bureaucracies were invented to provide necessary services such as roads,
sanitation, legislation, and peacekeeping.
The motivation to invent and achieve greater efficiency was predominately
driven by mankind’s need to expand his territories either by exploration
or by military conquest. Mass manufacturing and the concept of “management” was birthed in the creation of armies and the pursuit of more
immediate and efficient methods to defend oneself and/or disable one’s enemies. Armies required swords, shields, and armaments to be produced in
quantity. Troops were directed and motivated by methods based on fear
and pain to ensure compliance and absolute obedience in the “management style” of this era.
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The technological advancements
With the development
of ancient civilizations were truly
of “trades,” quality was
remarkable. The steam engine,
achieved, advanced,
electric battery, indoor plumbing,
and preserved through
and clocks/calendars with intricately tooled metal gears were
craftsmen who had a 1:1
all invented over 2,000 years ago.
relationship with their
Amazingly, some technologies decustomer.
veloped during this time such as
metal plating and the Roman invention of concrete, have been determined to be far superior to their modern counterparts. Scientist Paulo
Monteiro (b.1961) noted that “In the middle 20th century, concrete structures were designed to last 50 years, yet Roman harbor installations have
survived 2,000 years of chemical attack and wave action underwater.” With
these new technologies and materials, our ancient predecessors designed
systems to ensure consistency, safety, and overall functionality.
With the development of “trades,” (i.e. cobblers, blacksmiths, carpenters,
etc.) quality was achieved, advanced, and preserved through craftsmen
who had a 1:1 relationship with their customer. The person who wanted a
shoe would often have direct contact with the person who made the shoe.
From acquiring leather and other raw materials to the assembly of the shoe,
the cobbler was the sole craftsman who completed and inspected each step
in the process, personally ensuring that the end user would be satisfied
with his/her creation. The master/apprentice relationship also emerged
during this time as a master craftsman would take on an apprentice to train
and work under his tutelage.

Middle Age/Dark Ages – 600 AD to 1400 AD
The Dark Ages is a historical term used to describe a period during the
Middle Ages between the fall of the Roman Empire and the Renaissance,
an era in which ancient knowledge was lost, ignorance was prevalent, and
superstition rampant. The life expectancy for the average non-nobleman
living in this century was 35 and even abysmally less for women and children. Some statistics report that up to 30% of all children died before the
age of 5 with 20% of women dying in association with childbirth resulting
from infections or a poorly managed delivery (Woodbury).
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Although the distribution and proliferation of knowledge was virtually non-existent during the first seven centuries of the Dark Ages, manuscript production exploded in the 1400s. The already-established master/
apprenticeship system evolved into trade unions and craft guilds and the
journeyman designation was born. Journeymen were members of a collective trade union or guild who trained multiple apprentices simultaneously who would then often become journeymen in their own rite of their
respective trades. The competency level of the journeyman, or master
craftsman, carried the educational equivalent of our modern-day university master’s degree. While virtually unchanged over hundreds of years,
the journeyman/apprentice system is being retooled for modernity for the
training (and retraining) of American workers to respond to the new hightech competencies required for the 21st century.
Some highlights of the Middle Ages in managing for quality highlights
were:
•
•
•
•
•

1:1 skilled craftsmanship
Pride in craftsmanship
Individual inspection
Non-standardized parts and supplies
Origin of the use of “trade-mark”

Even in the briefest of overviews, one can’t fail to mention Johann Gutenberg (c. 1394-1468). Although Gutenberg did not invent printing, his
genius was to break the written page into parts and assemble existing
technologies (gold-smithing, the Chinese printing press, alchemy, etc.)
to mechanically produce exact duplicates of a printed page. Gutenberg
was a shadowy character, however, and what we know about him is mostly
derived from court documents. Like a pain-filled case study, his life is
replete with bad decisions in both life and business. Poor management
and multiple lawsuits resulted in his life’s work being stripped from him
as others profited from his innovations and enjoyed commercial success at
his expense. Genius alone or stumbling onto a game-changing invention
or marketable skill does not necessarily guarantee success; bad decisions
and poor management often trump innovation.
Commercially, Gutenberg’s life story may be viewed as a tragedy, but for
those of us in the GRC family, it is the marriage of technology, art, function, and beauty, and thus will be forever appreciated and revered. Histori14

an Daniel Boorstin (1914-2004) explains:
“We have ample evidence that printing for Gutenberg and his generation was not merely a technology but an art. Bibliophiles agree
that the very first printed book in Europe was one of the most
beautiful. The technical efficiency of Gutenberg’s work, the clarity
of impression and the durability of the product, were not substantially improved until the nineteenth century.”

Age of Enlightenment- 1600s to 1800s
The History Channel website succinctly describes the Age of Enlightenment:
“European politics, philosophy, science and communications were
radically reoriented during the course of the “long 18th century”
(1685-1815) as part of a movement referred to by its participants
as the Age of Reason, or simply the Enlightenment. Enlightenment
thinkers in Britain, in France and throughout Europe questioned
traditional authority and embraced the notion that humanity could
be improved through rational change. The Enlightenment produced
numerous books, essays, inventions, scientific discoveries, laws, wars
and revolutions. The American and French Revolutions were directly inspired by Enlightenment ideals and respectively marked the peak
of its influence and the beginning of its decline.”
The emphasis on rationality during the Age of Enlightenment produced a
philosophy called Skepticism which challenged the paradigms of the day in:
•
•
•
•

Religion
Physical world
Society
Government

As the zeal for rationality spurred the development of modern science, art,
invention, and the Scientific Method, the Industrial Revolution and the factory system began to form in Europe. In the factory system, craftsmen and
masters become workers and foremen, respectively. The modern assembly line destroyed the holistic 1:1 nature of craftsmanship. With the rise
15

of the Industrial Revolution,
The modern assembly line
small independent shops were
destroyed the holistic 1:1
soon out-produced, mainly
nature of craftsmanship.
due to the economics of scale,
making them largely obsolete. As the Industrial Revolution moved west from Europe, Americans followed European practice by
adopting the factory system and its manufacturing methods.
New processes emerged within the factory system in managing for quality:
•
•
•
•
•
•
•

•

Standardization (parts and processes)
Interchangeable parts
Measurement and specifications
Written specifications for materials, processes, finished goods,
and tests
Standardized Operating Procedures (SOPs)
Instruments and test laboratories associated with measurements and statistics
Inspection and quality departments
• “Quality” managed through the skills of the craftsmen
supplemented by departmental inspection or supervisory
audits
• The separation of good-from-bad products became the
chief means of ensuring quality
The Assembly Line
• Craftsmen become factory workers who might be assigned
to just one task in the manufacturing process
• The holistic nature of manufacturing ceases

Early 20th Century
By examining the conveyor system in slaughter houses, the American automaker magnate Henry Ford (1863-1947) improved his assembly line by
adding his own version of a conveyor system that brought parts to stationary production cells, with each containing the necessary materials required
to produce a car- the Model T. Set at a consistent speed, the non-stop conveyor pace was uninterrupted except for breakdowns. With this system,
one Model T could be completed every 90 minutes producing 2 million
cars annually. Forty percent of all cars sold in America were produced this
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way decreasing costs from $850 per vehicle to $300. While production
was greatly increased, line workers who missed their assembly step often
passed the chassis down the line unfinished. By the end of the line it was
not uncommon for a Model T to be missing an entire engine, transmission, doors, or other vital parts. Heavily-manned inspection departments
sorted out the mess at the end of the line, funneling cars to be reworked
or scrapped. This is what we call quantity versus quality manufacturing,
meaning metrics tracking how many products produced in a given time
period was more important than tracking defects.
With the proliferation of quantity manufacturing came an emphasis on
inspection. To quantify poor quality, statistical methods were created to
deal with quality issues. In the 1920s at Bell/Western Electric System Labs,
the physicist/engineer/statistician Walter Shewhart (1891-1967) noted that
by examining samples statistically, spikes or dips past three stanWalter Shewhart noted
dard deviations from the mean
that spikes or dips past
indicated that the system could
three standard deviations
be in a fault status. Shewhart utilized the control chart to monifrom the mean indicated
tor a continuous process and
that the system could be
defined what we now call comin a fault status.
mon and special cause variation
and the criteria to identify both.
Credited as being the father of
Statistical Quality Control (SQC), Shewhart’s control chart remains one of
the most important tools utilized today in managing for quality.
During this pre-robotics manufacturing period, another drawback was the
problem of motivating workers to do the same mundane job day after day.
In 1910, at the peak of the factory system, the American mechanical engineer Fredrick Winslow Taylor (1856-1915) developed his Scientific Management (SM) theory which utilized scientific principles such as rationality
and empiricism to manage labor. Although Winslow’s SM theory was a
noble effort to address problems of wasteful activities and standardization
that are still relevant today, it reduced the worker to a tool. Craft manufacturing continued to be replaced by mass production and managers were
distanced from those actually producing the products; workers, with no
voice in the process were, for all intents and purposes, merely an extension
of the machine.
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The effect of SM theory on managing for quality:
•
•
•
•

Planning separated from execution to achieve a considerable
rise in productivity
Dealt a crippling blow to the concept of craftsmanship
New emphasis on productivity resulted in a negative effect on
quality
Factory managers adopted a central inspection department
headed by a chief inspector

Management styles are strongly influenced by beliefs and assumptions
about what motivates employees. In the 1960s, social psychologist Douglas McGregor (1906-1964) of MIT, proposed two contrasting theories on
human motivation and labor management: Theory X and Theory Y. Theory X mirrored Taylor’s Scientific Management viewpoint of the employee
as being lazy and requiring constant supervision, while Theory Y granted a
much more favorable opinion of the employee. McGregor promoted Theory Y as the basis of good management practice, pioneering the argument
that workers are not merely cogs in the company machinery as Theory
X-type organizations seemed to believe. By examining these contrasting
theories and considering their perceptions and assumptions about what
motivates and affects the way workers behave, the manager can adjust and
adapt his/her management style to increase effectiveness and promote employee satisfaction. If, as a manager, you assume that your employees dislike the work, you will lean towards an authoritarian management style.
If you believe that your employees take pride in their work, you will most
likely adopt a more participative style.

Theory X (Wikipedia)
Theory X assumes that employees are naturally unmotivated and dislike
working; this encourages an authoritarian style of management. According to this view, management must actively intervene to get things done.
This style of management assumes that workers:
•
•
•
•
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Dislike working
Avoid responsibility and need to be directed
Must be controlled, forced, and/or threatened to deliver what’s
needed
Need to be supervised at every step, with controls in place

•

Need to be enticed to produce results otherwise there is no
ambition or incentive to work

Theory X-type organizations tend to be top heavy with managers and supervisors required at every step to control workers. There is little delegation of authority and control remains firmly centralized.

Theory Y (Wikipedia)
Theory Y prefers a participative style of management that is decentralized.
It assumes that employees are happy to work, are self-motivated and creative, and enjoy working with greater responsibility. It assumes that workers:
•
•
•

Take responsibility and are motivated to fulfill the goals they
are given
Seek and accept responsibility and do not need much direction
Consider work as a natural part of life and solve work problems imaginatively

In Theory Y-type organizations, the manager creates an environment that
makes it possible for workers to get the job done cooperatively. Quality
systems require fewer supervisors since those doing the work decide how
work gets done. The manager coordinates the work but leaves the daily
details of getting the actual job done to those doing it. This frees upper
management to plan for the future and allows each person in the organization to concentrate on their respective strengths and roles.

Mid-20th Century
In the 20 years following WWII, while much of Europe and Japan remained
in ruin, American’s Gross Domestic Product (GDP) grew to double digits as
it became the world’s main producer of manufactured goods, propelling
it to the top western world power. Many American soldiers reentering
civil society took advantage of the G.I. Bill, returning to universities and
colleges to prepare and train for high-paying jobs in industrial fields. The
result was a well-equipped and well-paid workforce that could afford the
abundance of consumer goods produced in the post-war period. During
the “baby boom” generation from 1946 to 1964, Americans experienced
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the greatest economic growth period the nation has ever seen. The American Dream ideology was conceived during this time as a new middle class
of Americans bought homes, took vacations, had kids, and retired with
healthy pensions after working at the same company for decades.
As American consumerism exploded and the demand for goods and services continued to increase, an avalanche of medicines, appliances, and
processed foods poured into U.S. homes. American manufacturers continued to operate under quantity management systems (i.e. Scientific Management and Theory X) which created a heavy dependence on inspection
and Acceptable Quality Levels (AQLs) in vain attempts to manage for quality.*
Despite warnings from quality gurus who advocated quality over quantity,
the American economy continued to gain momentum through sheer volume of products produced. These quality philosophers, who were largely ignored by American manufacturers, would soon be exported to Japan
in order to rebuild, reinvent, and transform the island country’s military
manufacturing systems to a economy based on consumerism.
In the 1950s, under General Douglas MacArthur (1880-1964), American
engineer W. Edwards Deming (1900-1993) served as an industrial consultant to the Japanese government teaching Statistical Process Control (SPC)
methods to Japanese business leaders, of applying techniques he learned
from Walter Shewhart at Bell Laboratories. Demings’ frequent visits to
Japan over many years would eventually result in the kind of economic
growth he had predicted would come if a system focused on quality over
quantity.
Deming insisted that what he taught the Japanese was an entirely new management system based in part, on statistical analysis. His holistic approach
and emphasis held that processes are not to be considered individually,
but rather within the context of the entire system as a whole. Further, the
system does not only include processes, but also the likes, dislikes, wishes,
and desires of suppliers and customers – all to be monitored and integrated
back into a system that was continually improving and producing results
that exceeded customer expectations.
* Tragically, in April of 1955, 200,000 school-aged children received a defective strain of the Salk Polio Vaccine resulting in 40,000 cases
of Polio, permanently paralyzing 75% of those vaccinated and killing 10 (Caceres). Horrific quality failures continue to occur as manfacturing processes rely on inspection and tolerate Acceptable Quality Levels (AQL) in attempts to manage for quality.
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Although the Japanese economy and much of its industry had been completely destroyed due to the War, it had the benefit of a clean slate and a
fresh start, which was fertile ground for Deming’s philosophies. The Japanese did not have the biases and paradigms that were present in America’s manufacturing culture but rather were positioned for a vision and ultimately, the reality of completely redesigned systems and processes that
achieved greater productivity with less waste. Meanwhile, the American
manufacturing culture remained steeped in quantity management and the
philosophy of excess, that bigger and more is better, and that rework and
scrap were the costs of doing business.
In the early post-war period, affected American companies erroneously
concluded that the Japanese were attempting to compete with them on
price alone. As a result, many large U.S. companies closed their American plants and relocated their manufacturing overseas to take advantage of
low-labor costs, a trend that nearly exterminated manufacturing in American. However, over the years, price competition progressively declined
while competition based on quality increased, as American consumers
slowly gravitated to Japanese goods based on their greater level of quality
over similarly priced America goods.
During the 1960s and 1970s Japanese manufacturers greatly increased their
share of the American market, primarily due to superior quality. Numerous industries were affected such as consumer electronics, automobiles,
steel, and machined tools. American companies generally failed to notice
the trends, adhering to the belief that Japanese competition was primarily
price-driven, rather than quality-driven.
In the mid-1970s, this played out in our home, when my dad brought home
this ugly little orange car one day – a Honda Civic. Due to oil shortages
and politics, gas was in short supply and, as a result, for weeks at a time gas
could only be purchased on either odd or even days based on one’s license
plate number. It was not uncommon for gas stations to run out of fuel. The
average American car averaged 17 MPG, however, our Civic exceeded 30.
Many Americans, like my dad, ditched their American-made gas guzzlers
for smaller, more fuel-efficient foreign cars for obvious reasons. The common notion among Americans today - that if you want to buy a reliable car,
it’s best to buy Japanese - had its origins in the 1970s as we began to relate
“quality” in a car to being fuel efficient, consistently reliable, and safe.
Quality innovator, Joseph Juran, was one of several observers sounding
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warning signals…“the Japanese are headed for world quality leadership
and will attain it in the next two decades because no one else is moving
there at the same pace” (1967).
Major contributing factors to the Japanese quality revolution:
• Upper managers personally took charge of leading the revolution
• All levels and functions underwent training in managing for
quality
• Quality improvement continued at an intense and sustained
pace
• The work force was enlisted in quality improvement through
the quality circle concept: Plan-Do-Check-Act (figure 1).
Figure 1 - The Plan - Do - Check - Act Concept

Plan

Act

Do

Check

The most obvious effect of the Japanese quality revolution was their massive export of goods; the negative impact on American manufacturing
companies in terms of loss of sales was staggering. The American work
force and unions were further weakened by the “export of jobs” resulting
in an unfavorable trade balance, the effects of which we are still feeling
today. It was not until the beginning of this century that American industries began to embrace quality management systems like Lean Six Sigma to
combat the prevalence of poor quality and market loss.

The Evolution of Managing for Quality
•
•
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Inspection- 19th Century Industrial Revolution
• Detect problems in completed products/services
Quality Control- Early 20th Century
• Using specifications and inspection of completed products/services to improve quality

•
•
•

Statistical Quality Control (SQC)- The World Wars
• Statistical data collection to solve quality problems in finished products
Total Quality Management (TQM)- 1950’s to 1990’s
• Management approach placing emphasis on continuous
process and system improvement
Quality Management Systems (QMS)- 2000 and present
• Comprehensive, integrated management system to improve quality- i.e. Lean Six Sigma

Life Behind the Quality Levee, (Juran)
When Katrina hit New Orleans in 2005, the category 5 hurricane overwhelmed the levees that held back Lake Pontchartrain and the Mississippi
River Gulf Outlet from the city. As a result of the levee’s failure, the city
was flooded, over 1,800 people died, and property damage was estimated
at $125 billion dollars.
As societies industrialize, they revise their lifestyle to secure the benefits
of technology. These benefits consist of numerous varieties of goods and
services. Collectively these goods and services have greatly improved the
quality of our lives, but they have also created a new dependence. In industrial societies, great masses of human beings place their safety, health, and
even their daily well-being behind numerous protective “levees” of quality
control. For example, the daily safety and health of our citizenry are now
completely dependent on the quality of manufactured products such as
drugs, food, aircraft, automobiles, elevators, tunnels, bridges, etc. Our very
livelihood is dependent on the continuity and reliability of numerous vital
services: i.e. power, transportation, communication, water, waste removal,
heating, government entities that ensure our safety and provide services.
We have structured our society on the premise that these services will continue without interruption,; when they fail we feel the consequences of our
dependence on technology and infrastructure.
Besides individuals, nations and their economies also live dangerously
behind the levees of quality control. National productivity relies on automated processes; national defense relies on complex weaponry; the national income depends on the marketability of products. The growth of
the national economy is linked to the reliability of its systems for energy,
communication, transportation, etc. In such situations, users (individuals
or nations) are willing to pay for quality levees (The Quality Handbook).
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Case Study: The General
Motors Ignition Key Recall

Imagine driving at night by yourself on the highway at 70 miles
an hour when, through no fault of your own, the car engine stops.
Brakes are non-responsive and the steering wheel won’t budge.
Your car has lost all power and will not stop until it hits something
or loses its momentum.
That was the scenario for 455 people who lost their lives due to
an ignition switch design flaw installed in GM cars over the last
decade. The ignition switches were designed in a way that allowed
the ignition key to slip out of place, causing the car to stall, and
thereby shutting down all power components in the car. Do you
think those 455 people thought twice about the possibility that
they would lose control of their car while they were driving?
Would you?
This is an example of Juran’s concept of the Life Behind the Quality
Levee. As our society becomes more dependent on technology,
failures resulting in loss of life will only increase if poor quality is
tolerated.
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Case Study: VW Diesel 		
Dupe Adapted from LA Times and BBC reports

It’s been dubbed the “diesel dupe.” In September of 2015 the Environmental Protection Agency (EPA) found that many VW cars
being sold in America had a “defeat device” (software) in diesel
engines that could detect when a test was being conducted, and
respond by changing performance to improve results. The German car giant has since admitted cheating emissions tests in the
US. VW has admitted that about 11 million cars worldwide, including eight million in Europe, are fitted with the so-called “defeat device.” The VW diesel engines had computer software that
could sense test scenarios by monitoring speed, engine operation,
air pressure, and even the position of the steering wheel.
When the cars were operating under controlled laboratory conditions, which typically involves putting them on a stationary test
rig, the device appears to have put the vehicle into a sort of safety
mode in which the engine ran below normal power and performance. Once on the road, the software switched from test mode
to normal driving conditions.
The result was that the engines emitted nitrogen oxide pollutants
up to 40 times above what is allowed in the US. In 2018, a U.S.
appeals court approved a settlement between Volkswagen and car
owners caught in the automakers emissions cheating scandal. The
German automaker agreed to spend up to $10 billion compensating owners of roughly 475,000 Volkswagens and Audi vehicles
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with 2-liter diesel engines, the bulk of the vehicles affected by the
scandal. In addition, VW will recall 8.5 million cars in Europe
including 2.4 million in Germany and 1.2 million in the UK.
Volkswagen acknowledged that the cars were programmed to
cheat on emissions tests. Under the terms of the deal, the automaker agreed to either buy back the cars or fix them and pay each
owner thousands of dollars in additional compensation. “We’ve
totally screwed up,” said CEO of VW America Michael Horn. In
similar fashion Martin Winterkorn, CEO of VW Germany at the
time, admitted his company had “broken the trust of our customers and the public.” Winterkorn resigned as a direct result of the
scandal and was replaced by Matthias Mueller, the former CEO of
Porsche.
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Chapter 3

Products & Services, Defects and the VOC
Products can be durable goods like cars, computers, and vacuum cleaners,
or they can be consumable goods, like apples, donuts, and prescription
meds. Products can be duplicated or multiplied and thus tend to scale well
and are cheaper in volume. Products can also be bundled with services like
a mobile phone with a service provider contract.
Intellectual and entertainment products are extremely susceptible to counterfeit (e.g., illegal downloads or file sharing). While most physical products are protected by patents, not all products are physical (e.g., software, e
Books, mobile Apps, MP4s).
Two primary characteristics of products are convenience (e.g., quick, reliable, easy, flexible) and fidelity. Quality status, aesthetics, and emotional impact are examples of high fidelity. Ultimately, an experience with a
product either results in satisfaction or dissatisfaction in meeting the needs
of the customer.
The traditional product-oriented business creates some sort of tangible
item that people want. The goal is usually two-fold: produce an item as
inexpensively as possible while maintaining an acceptable level of quality
and function; sell as many units as possible for as high a price as the market will bear while maintaining enough inventory to fill orders as they are
received.
Unlike products, services are produced and consumed simultaneously which makes them instantly perishable. Services cannot be stored or
transported. Medical care, banking, insurance, consultancy, education,
and insurance are all examples of services. Customers are often involved
in the service process and are present while it is being performed. Services
are generally more labor intensive as they must handle very large numbers
of customer transactions. The design of services typically requires a higher
degree of customization and effort as customer needs and performance
standards are often difficult to identify and measure. Because services are
often hard to develop and implement, the barrier for duplication is high.
Sometimes services are difficult to identify because they are closely asso27

ciated with goods such as the combination of food and table service at a
restaurant. The traditional service-oriented business has employees capable of a skill or ability that others require but can’t, won’t, or don’t want to
do themselves. Service-oriented companies ensure that the service is provided with consistent high quality to attract and retain paying customers.

Voluntary Obsolescence (Juran)
Merriam-Webster defines obsolescence as the process of becoming outdated
or no longer used. As customers acquire affluence, industrial companies
bring out new products (and new models of old products) which they urge
prospective users to buy. Many of the users who buy these new models do
so while possessing older models still in working order. The consumer
makes the decision voluntarily to discard an older, still viable product, and
upgrade to a new more appealing one.
Voluntary obsolescence is regarded by some economists and reformers as a
reprehensible economic waste. In an effort to put an end to this waste, reformers have attacked companies who engage in this practice. Reformers
imply, and even accuse large companies of purposely releasing new products that, along with powerful, shrewd marketing, entice users to replace
perfectly fine products they already own with new “improved” versions.
The voluntary obsolescence theory asserts that the responsibility for the
waste lies with companies who purposely create new models rendering
previous models potentially obsolete.

Involuntary Obsolescence (Juran)
By contrast, involuntary obsolescence is a situation in which long-life products contain components which will not last for the life of the product.
The life of these components is determined by the manufacturer. As a result, even though the user decides to have the failed component replaced
(to keep the product in service), the manufacturer makes the real decision
because the design determines the life of the component, thus it is called
involuntary obsolescence.
This situation is at its worst when the original manufacturer designed the
product in such a way that supplies, spare parts, etc. are nonstandard so
that, in effect, the sole source for these needs is the Original Equipment
Manufacturer (OEM). In such a situation, the user is locked in to a single
28

source of supply. Collectively, these cases have lent themselves to a good
deal of abuse and have contributed to the consumerism movement.

Voice of the Customer (VOC)
A customer is anyone who receives or is affected by the product or process,
internally or externally (Juran). The internal customers are people inside
your organization who use your “output.” External customers are people
who buy and use your product or service. Both have different expectations.
Internal customer types:
•
•
•
•
•

Supply chain
Customer chain
Shareholders
Employees
Community

The shareholder or investor of an organization would be more interested
in ensuring profits are realized over delighting or protecting the customer.
The Facebook fiasco regarding customer data privacy is a good example
how pressures of financial performance from stakeholders can have a negative effect on the external customer- you.
Conversely, Lean Six Sigma views quality as defined by the external customer and is therefore an extremely customer-centric management system. The term Voice of the Customer (VOC) defines what the customer
expects in a product or service for a satisfactory experience. Quality is
not defined as a “feel good” emotional bond a customer may have with a
product or service, but has to do with being in conformance with the VOC.
To be in conformance, we need to know
what our customers need. Surveys,
beta testing, focus groups, interviews,
and customer complaints all provide
us with the VOC. As you know, we are
inundated at times by VOC demands,
however, Lean Six Sigma focuses on
those customer needs that are Critical
to Quality (CTQ) or those attributes
most important to the customer.

Quality is not defined
as a “feel good”
emotional bond a
customer may have
with a product or
service, but has to do
with being in conformance with the VOC
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Figure 2: The Devastating Impact of Non-Conformance to the VOC

Lean Six Sigma filters out noise in a process to find the signal to identify
true customer needs versus wants. If these CTQ requirements are not met,
they will produce non-conformance products or services. By locating and
isolating the CTQ requirements we can focus all our energy and resources
on meeting the VOC which is much easier than trying to meet every customer demand.
Taking a cue from big data analytics, we needn’t be bogged down in why
customers want something but in what they want (e.g. less red in the skin
tones). When Janice asks the waiter to hold the shrimp from the seafood
platter she is ordering the waiter does not need to know that shrimp are
repellent to Janice because they remind her of potato bugs; the waiter just
needs to know that to please Janice the seafood platter must not include
shrimp.
VOC
gathering
efforts should be
conducted regularly and can be done
either on-line or
by other means.
A home improvement big box store
prints an on-line
link for a VOC
survey request and
a chance to win a
$5,000 gift card at
the bottom of their
receipt;
clearly,
they value custom30

Figure 3 - Nariaki Kana’s Three Classes of Customer
Needs:
• Dis-satisfiers: those needs that are expected
in a product or service which, if not met,
result in customer dissatisfaction.
• Satisfiers: what customers say they want
such as air conditioning or WIFI in a car
(which, when fulfilled, creates satisfaction).
• Delighters/exciters: the presence of unexpected features which if valued, leads to
high perceptions of quality.

er input regarding how they are meeting those needs. My organization
conducts at least two VOC surveys each year after which we follow up with
focus groups and one-on-one interviews to vector into the CTQ requirements identified by the survey. We are surprised at times to learn what the
VOC actually is. The VOC can change per customer demographics, so we
can’t lump all our customers into one generic VOC. (You might find that
your best customer really does not need all those pamphlets to be shrinkwrapped in 50s, even though you have been doing that for 10 years because
the print buyer at the time requested it.)
For a process to be in conformance it must be capable of falling in between
the specifications (called the specification width) set by the customer. The
specification width consists of a VOC target that we consistently strive to
hit along with acceptable upper and lower limits that, if met, will produce
products that are in conformance. For example, a solid ink density (SID)
for a spot color PMS 286 blue
VOC targets come directly
which was approved on press by
the customer is measured by a
from interaction with the
Spectrodensitometer to be 1.65
customer or from some
with an acceptable industry tolindustry standard, they
erance set at ± .06 from the ideal
are never arbitrary.
target. The upper specification
limit is the target plus the allowable tolerance (i.e. 1.65 + .06 =
1.71) and the lower specification limit is the target minus the allowable tolerance (i.e. 1.65- .06 = 1.59). As long as the pressman keeps the SID of the
spot color between 1.71 and 1.59 the printed sheets will be in conformance
to the VOC; if the SIDs slide past the specifications limits it may jeopardize
the entire press run.
The nominal targets and the allowable tolerances are VOC-driven and not
an arbitrary number picked by management or another entity. Targets
come directly from interaction with the customer or from some industry
standard (ISO for example). For instance, following customer taste tests,
a coffee shop discovered that the ideal temperature for a cup of coffee is
172.5°F and if the temperature varies no more than ±12.5° the customer
would still be satisfied (in conformance). However, temperatures greater
than 185° would be too hot (and dangerous!) and less than 160° would be
too cool, so in both cases the coffee would be in non-conformance.
I grew up with a printing industry “standard” of ±10% from the quanti31

ty ordered by the customer. No doubt this standard was implemented to
protect the printer rather than the customer and the customer may have
grudgingly accepted this as the printer points to the fine print on the estimate. If we were to adhere to that standard now, we might not lose just one
customer but potentially many as word-of-mouth travels regarding our
self-protecting business practices.
We need to keep in mind that
the VOC is not the Voice of the
Business (VOB). The VOB is
Profit & Loss statements, balance sheets, and things necessary to do business. We
cannot neglect the VOC to
protect the VOB. In Lean Six
Sigma the customer always
comes first.

Figure 4- Other Voices of Lean Six Sigma:
Voice of the Process (VOP)
Voice of the Business (VOB)
Voice of the Employee (VOE)
Voice of the Stakeholder (VOS)
Voice of the Department (VOD)
All are reduced to the most
critical inputs only

In service industries, the VOC
can be much more subjective
(e.g., exactly what is medium
rare?) than manufacturing industries that often have set specifications for
each of their processes. The unique nature of the printing industry (custom products with service elements) allows the VOC to be more malleable
than other manufacturing processes. For instance, a press operator will
come up to color on a press check using SID or L*a*b* targets and tolerances (GRACoL, etc.) so that the press proof matches the customer-approved contract proof (hardcopy proof). Since the customer signed off on
the contract proof, matching the proof and continuing to hold that color
throughout the entire press run would mean our press process is in conformance; the contract proof is the VOC for the press process. However, at
the press check, if the customer decided to change the SID targets (e.g., less
red in the skin tones), the revised SID or L*a*b* readings from the press
run supercede the prior VOC of the signed contract proof. If the pressman
reverts to the original contract proof targets, the entire press process would
be in non-conformance since the VOC was re-calibrated to new targets at
the press check. In responding to the VOC, processes and systems must be
able to adapt and evolve.
If a process consistently produces products within VOC specification limits, it is deemed to be capable of producing products in conformance. A
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process that cannot meet VOC specifications is what is called incapable.
Process capability is determined by mathematical indexes (i.e. Cp and Cpk
to be discussed later.) These indices indicate the performance of the sigma
level (6 or higher ideally). However, before a process can be considered
capable it must also be deemed to be stable, or statistically predictable.
The Voice of the Process (VOP), another voice of Lean Six Sigma, determines whether the process is statistically stable or unstable. Instead of using specification limits, the VOP measures stability by utilizing upper (+3
sigma) and lower control limits (-3 sigma) in the form of a control chart.
Any product that falls outside of the control limits or exhibits unpredictable trends or runs indicates the presence of special cause variation (unnatural variation). Special cause variation must be eliminated before we can
even start to think about meeting VOC specifications. Variation and VOP
will be discussed in more detail later.
Let’s use the American muscle car, Challenger, to illustrate stability and
capability. Dodge might advertise that it can accelerate from 0 to 60 mph
in four seconds (capability), however, if the car has some serious defects
that cause the car to veer off the road at speeds at over 50 mph (instability,
in this case), we will never get the opportunity to see if the car performs
to its advertised specifications. Before we can determine whether we meet
specifications (VOC) we must be operating in a stable environment (VOP).
Consider this formula:

Quality = VOP + Variation
Quality equals the VOP plus any variation (known and unanticipated factors) that can and will occur in the process. Quality is dependent on the
VOP to be executed correctly without any variation adversely affecting the
process. Quality can only be achieved as long as the process is stable; as
long as nothing changes we can predict that our output will produce consistent products. If our processes has unpredictable variation occurring,
we will never achieve quality. We will examine how quality is absolutely
dependent on how well our processes manage variation in future chapters.

Defective vs. Defects
The term defective refers to those products or processes that are unaccept33

able due to one or more defects that cause the entire product or process to
be in non-conformance. Defective products that cannot be fixed are most
likely scrapped (thrown away). Defects are the actual number of problems
that have occurred in the process. The presence of defects does not necessarily produce defective products, but Lean Six Sigma still records them for
the Defects per Million Opportunities (DPMO) metric.
A job ticket might have 45 opportunities for success or failure with some of
the steps being so crucial that if not completed correctly (Critical to Process
- CTP), the entire job would be considered defective (non-conformance).
Because the number of opportunities for defects is tracked for each process
step, Lean Six Sigma parameters require that the entire process have no
more than 3.4 DPMO which is essentially perfect conformance.
Defects can range from minor to serious, so it is helpful to identify severity as defects occur to prioritize what should be addressed first. The four
classes of defects are:
•
•
•
•

Class 1 Very serious: Severe injury, catastrophic, economic loss
Class 2 Serious: Significant injury, economic loss
Class 3 Major: Problems relative to normal or reasonably foreseeable use
Class 4 Minor: Problems minor relative to normal

Defects occurring in a process are considered either variable or attribute.
Variable defects are measurable and most often compared to industry or
VOC specifications. Taking Solid Ink Density (SID) readings on a press
run, inspecting the caliper of incoming substrates, and sampling the viscosity of a shipment of fluid inks are all examples of ways we can check
for the presence of variable defects. Attribute defects are counted, but not
measured; the end outcome is either go or no-go, pass or fail (see The Billion Dollar Class 1 Case Study). Hickeys, streaks, bricking, and poor crossovers in a magazine are examples of attribute defects.
Rework occurs when product defects are fixed and reinserted into the production process. Scrap is work that must be discarded because it is defective (and hopefully recycled). Non-Value Added (NVA) activities are those
activities in a process that the customer would not be willing to pay for.
Scrap, rework, and NVA are all considered waste and should be completely
eliminated using process mapping (Flowcharts) to flush out where these
occur in the process.
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Fitness for Use
Juran’s simple definition of quality as “Fitness for Use” suggests that quality
should be viewed from both external and internal perspectives. Fitness for
use defines quality as:
1) Product performance resulting in customer satisfaction.
Satisfaction is different than being delighted (figure 3). As
long as the product or services are performed as expected,
quality is present.
2) Free from product deficiencies.
The product or service is not defective thus avoiding customer dissatisfaction.
3) Measurement of Quality = freedom of deficiencies
Thus, in order for a product or service to be of “quality” or in conformance
the product must 1) perform as advertised and 2) be defective-free.

Freedom of Deficiency Formula (FOD)
Juran measures quality by the Freedom of Deficiency (FOD) Formula:

FOD = 1 - (# of defects ÷
Opportunities for defects) x 100
According to Juran, quality can be measured by dividing the frequency of
defects by the total opportunity for defects and converting that number to
a percentage. This measures the total number of defects in the products or
services over a set amount of time. This same formula is utilized in Lean
Six Sigma’s Defects per Unit metric (DPU), which measures the total number of defects occurring over a certain number of product units.
Lets say that in a 10,000 variable print mailer, 500 were lost due to processing errors. The FOD metric for this process would be:

1- ( 500 ÷ 10,000) x 100 = 95%
Your VDP mailing process was 95% defect-free. Sounds pretty good, but
what does this really mean? When you get a 95% on a test does that mean
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you really know the material, or could it just mean that you have a really
good short-term memory? In order to verify knowledge of the class material we would need to see proof of how you can apply what you learned.
The FOD provides us with a quantifiable “score” on how well we did, but
it does not tell us the effect or influence that the defective 5% had in the
process. Perhaps a big buyer received one of those 500 defective mailers,
which would likely result in a loss of revenue. While this is a useful metric,
we must use it in tandem with other metrics (like the CTR) to determine
the health of the process (more later).

Product and Service Fitness for Use Metric (PSFU)
Most often, consumable goods have both product and service attributes.
An iPhone (product) requires a carrier like AT&T (service); a fine restaurant serves food (product) while waiting on the customer (service); a airline ticket (product) is accompanied with baggage claims and on-line ordering (service). Juran’s “Fitness for Use” requires that the product/service
design meets the customers defined purpose while being free of defects.
Products and services have dimensions that determine conformance and
are different from each other in representing specific attributes. For instance, the aesthetics of the meal would be judged separately than say the
time it took to be delivered to the customer. In order to be “Fit for Use”, all
of the dimensions need to satisfy the first and second requirements from
the customers standpoint.

Product Dimensions:
•
•
•
•
•
•
•
•
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Performance: Primary operating characteristics
Features: “bells and whistles”
Reliability: Probability of operating for specific time and conditions of use
Conformance: Degree to which characteristics match standards
Durability: Amount of use before deterioration or replacement
Serviceability: Speed, courtesy, and competence of repair
Aesthetics: Look, feel, sound, taste, smell
Perceived Quality: Subjective assessment resulting from image, advertising, or brand names

Service Dimensions:
•
•
•
•
•
•
•
•

Time/Duration: How much time does the service take?
Timeliness/Availability: Will a service be performed when
promised?
Completeness: Are all items in the order included?
Courtesy: Do front-line employees greet each customer cheerfully?
Consistency: Are services delivered in the same fashion for
every customer and every time for the same customer?
Accessibility/Convenience: Is the service easy to obtain?
Accuracy: Is the service performed right the first time?
Responsiveness: Can service personnel react quickly and resolve unexpected problems?

To meet Juran’s “Fitness for Use”, these product and service dimensions
must be favorably met while being defective-free.
To exhibit how “Fitness for Use” can be applied to everyday products and
services, I developed the Product and Service Fitness for Use (PSFU) metric. The PSFU quantifiably rates a product and its service components in
terms of satisfying the definition of Juran’s “Fitness for Use.” The metric is
computed by rating each product and its service dimension on how well
or not it performed: 2 = exceeded expectations; 1=-met expectations; 0=
unmet expectations. Totals are multiplied together for each of the product
and service dimensions (figure 5) and applied to the PSFU formula. Any
defective dimension that earns a 0 in the Product or Service Defective Total Rating column nullifies the rest of the dimensions. This is why it is important to post a defective rating only if the failed dimension ruined your
product/service experience.

Figure 5 - PSFU Rating Sheet Example
Product
Dimension

Exceeds

Performance

2

Features

2

Product
Totals

4

Meets

Defective

PD
Rating

4

0

0
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Product
Dimension

Exceeds

Meets

Defective

0

Reliability
Conformance

1

Durability

1

Serviceability

1

Aesthetics

1

Product
Totals

4

Service
Dimension

Exceeds

Time
(duration)

2

Timeliness
(availability)

2

Completeness

2

x

x

4
Meets

Courtesy

1

Consistency

1

Accessibility
and
Convenience

1

Accuracy

1

Responsiveness

1

Service
Totals

PD
Rating

6

x

6

=

0
Defective

x

0

0
SD
Rating

=
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The formula for the PSFU metric (Rivera) is:

PD rating + SD rating = PSFU
•
•
•

PD- Total of the multiplied product dimensions
SD- Total of the multiplied service dimensions
PSFU- Product Service Fitness for Use Metric (effectiveness
of the design of the product/service in meeting the customer’s
defined purpose, while being defect free)

Example, using the product and service total ratings from figure 5:

(PD) + (SD)= PSFU
(0) + (36) = 36
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Figure 6 – Interpreting the PSFU Metric
PSFU

Customer Experience

Impact On Company

>51

Exceeds
expectations

Definite referrals from
delighted customer

50-36

Good, above average in
meeting expectations

Returning customer with
potential referrals

35-20

Meets expectations, nothing more, nothing less

Customer may flee if
offered something slightly
better

19-10

Does not meet
expectations

Loss of customer, some
bad referrals

>9

Fail

At least 5 bad referrals
and loss of future business

The PSFU rating for the sampled product and service is 36. To interpret the
PSFU we look to figure 6 where a 36 PSFU means that the customer experience was good/above average in meeting expectations. The outcome would
most likely be a returning customer who would recommend the product/
service. While the service dimensions are generally good, the product dimensions lowered the total rating from “exceeds satisfaction” to “above
average” in meeting expectations. Because the product was deemed to be
defective in reliability, the defective rating nullified the rest of the product’s
dimensions. The strong service dimension ratings overshadowed the poor
product dimension performance and ensured the customer would most
likely return and might even refer the product and service to their friends.
If the product dimensions did not have the defective in reliability in figure
5, the PSFU would have been 52 (16 + 36) as the experience would have
exceeded customer expectations resulting in referrals from the delighted
customer. However, if the product dimensions remained at 0 and the service dimensions received a lower rating such as 14, the PSFU for the entire product and service would result in a 14 which means the customer’s
expectations for satisfaction were not met, and the customer would likely
not return.
Note that any presence of a defective product or service dimension drastically affects the total PSFU rating. A product can have high ratings in most
of its dimensions, but if the product is defective in just one dimension,
those dimensions that received high marks are completely disregarded.
Juran’s “Fitness for Use” requires that both product and service dimension
meet customer satisfaction while being defective-free.
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What is the effect of poor quality? Consider the following:
•
•
•

•
•

The average company never hears from more than 90 percent
of its unhappy customers.
For every complaint it receives, the company has at least 25
customers with problems, about one fourth of which are serious.
Of the customers who make a complaint, more than half will
do business again with the organization if their complaint is
resolved. If the customer feels that the complaint was resolved
quickly, this figure jumps to about 95 percent.
The average customer who has had a problem will tell nine
or ten others about it. Customers who have had complaints
resolved satisfactorily will tell only about five others.
It costs six times more to get a new customer than to keep a
current customer.

In this age of viral on-line reviews, a poor experience expressed by a customer can be detrimental to an organization. This is why we must be intentional and methodological in managing for quality in the graphic communication industry; the determination of quality depends on meeting
customer expectations in products and service dimensions.
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Case Study: iPhone 4

Introduced at a time when Apple needed a hit, the successful
launch of the newly released iPhone 4 quickly became problematic when complaints of dropped calls were widely reported by the
media. Apple was reluctant to admit that there was a problem,
even suggesting that user error might be the issue.
After independent tests revealed that touching the left side of the
metal case at a specific spot interrupted the signal and dropped
the line, Apple finally owned the problem and offered “voluntary”
recalls addressing the problem of dropped calls. The iPhone 4
failed to meet the requirements of “Fitness for Use.”
The iPhone 4 fiasco has been ranked as one of the top 5 all-time
quality management failures alongside Three Mile Island nuclear
disaster and the Ford Pinto’s exploding fuel tank.
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Case Study: The Billion
Dollar Class 1 Defect

(Adapted from The Print Guide: A Billion-Dollar Printing
Fiasco)
After an entire press run of the new style security-enhanced $100
bills, a “sporadic creasing of the paper,” causing blank patches to
appear on some of the currency, was detected by the U.S. Federal
Bureau of Engraving and Printing visual quality control system.
The bureau estimated
that
30% of the
C-notes were
defective and
that
sorting
bills by hand
could take 2030 years. At
the time of the article (2010), an automated inspection system was
being developed to locate the defective bills.
Stuck with 1.1 billion dollars of useless C-notes, the Feds went
back to the old style $100 to meet demand.
The supplier of
the currency
paper, Crane
and Co., denied that their
paper was the
cause of the
creasing defect.
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Case Study: How Not To
Respond to a Quality Crisis
When the hip athleisure company, Lululemon, experienced customer complaints regarding the “sheerness” of
their yoga pants in the crotch and hip
area, the founder of the company, Chip
Wilson, withheld apology and defensively blamed a certain type of woman’s
body-type for the product failure. As
you can imagine, Wilsons obtuse comments upset not only the women who
experienced the embarrassing product
failure, but a LOT of women. Blaming a failure on the customer is
one thing, but blaming it on women being too fat is suicidal.
The problem for Lululemon was that there really was a quality issue with the yoga pants. The decision to move from a single to
multiple suppliers was determined to be the root cause of the quality control problem. When the company used a single supplier,
they could easily manage and control for quality. However, when
they moved to multiple suppliers, defective fabrics were allowed to
pass through quality control due to the a more complicated supply
chain (see Deming’s fourth point in his 14 points).
As a result of the product failure AND the stupid comments made
by Wilson, Lululemon lost 67 million dollars and a third of its
market share. It also cost Wilson his job as he was forced to step
down as chairman.
With Wilson out of the picture, Lululemon’s marketing staff attempted to repair the damage done to the company’s image by
responding sensitively to social media customer complaints and
initiated a costly recall of the defective yoga pants. But Lululemon never really apologized for the defective pants or Wilson’s
comments and, as a result, many loyal and prospective customers
chose another athleisure brand.
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In our digital age, when faced with a public relations stumble
due to a quality failure, how we communicate to our customers
about the problem is just about as important as fixing the problem. Finding the root cause and fixing the problem may stop the
hemorrhaging of company resources, but, if we do not own the
problem and communicate clearly to our customers we will suffer
intangible losses and probably company reputation.
How “not” to respond to a quality crisis (IPRA):
•
•
•
•
•
•

Deny it exists
Do nothing
Minimize the problem
Mislead
Lie
Blame someone else (customer included)

How “to” respond to a quality crisis (Forbes):
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Be prepared
First seek to understand the situation
Avoid knee-jerk reactions
Apologize first then take action
Take responsibility
Be proactive
Be transparent
Be accountable
Remember to be human
Get ahead of the story
Do not fuel the fire
Get ready for the social media backlash
Monitor, plan, and communicate
Communicate your prevention strategy after the crisis is stable

Organizations that manage for quality have a quality crisis plan in
place that is known to all appropriate stakeholders in the organization. Just as important as preventing defects from occurring in
the first place is how effectively we communicate with our customers and community in a crisis.
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Chapter 4

The Quality Gurus
In order to know where we are going with quality, we first need to examine
who got us there. Without the following “gurus” there would be no Lean
Six Sigma, so it will be helpful to understand how their philosophies contributed to its creation.

Philip Crosby (1926-2001)
If I had to pick one favorite quality guru, it would have to be Phillip Crosby.
Crosby developed his quality management philosophy as a rocket engineer
in the 1950s and published his magnum opus, Quality is Free, in 1979. His
revolutionary methodology shifted paradigms of managing for quality in
America in the late 20th century.
The concepts and methodology that he developed in Quality is Free became foundational pillars in Lean Six Sigma and remain highly assessable,
pertinent, and applicable, to those of us in the graphic communication industry today.
Crosby was one of the first to popularize the concept of quality is the responsibility of executive management. If upper management does not
commit to or take ownership of quality, then it simply will not occur. Quality must be an intentional and purposeful top-down commitment. Like
Deming, Crosby agreed that quality problems are management problems,
and training is the key to preventing problems from occurring.

Crosby’s Four Absolutes
1) Quality means conformance to requirements
• Quality is not goodness
• The customer determines what the requirements for quality are
2) Quality is obtained through prevention
• Do it right the first time
• The way to prevent fire fighting is to not have fires
• Prevention, rather than inspection
• Prevention, as a work ethic and practice, must be deliberately
inserted into the operating culture of an organization.
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3) Quality is measured by the Price of Non-Conformance (PONC).
• The cost of doing things wrong
• Scrap, rework, warranty, inspection, tests
• 15-20% of revenue goes to poor quality costs
• Need to measure and publicize the cost of poor quality
• “Quality is free. It’s not a gift, but it is free. What costs money
are the un-quality things — all the actions that involve not doing
jobs right the first time” (Crosby).
4) Quality has a performance standard of Zero Defects (ZD).
• Standard is set by management
• “Close enough” is not acceptable
• Applicable to the entire company
• Mistakes will still happen, but poor quality is not acceptable
• Never accept Acceptable Quality Levels (AQL)
• Ensure feedback on every problem
• Problems recorded and analyzed
• Develop a “Continuous Improvement” approach

Complete Transaction Rating (CTR)
Philip Crosby defines quality as being in conformance to our customer’s
requirements which is accomplished by “doing things right the first time.”
When things are not done right the first time we are in non-conformance
in meeting those requirements. The Price of Conformance (POC) are those
costs associated with doing the job
Non-conformance
right the first time (figure 8). In addition to normal production costs
means that something
associated with producing a product
must be corrected or
(BHRs, consumables, etc.), the costs
reworked
necessary to ensure those products
are in conformance (appraisal costs)
and the costs necessary to prevent defects from occurring at all (prevention costs) need to be incorporated in the total cost of the product. Every
transaction in the company is either in conformance or non-conformance.
Non-conformance means that something must be corrected or reworked
(Crosby).
The PONC are those costs incurred by having to do things over again (figure 9). The PONC can be internal (defects identified before releasing a
product to the customer) or external (defects identified by the customer).
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Intangible, external PONCs are hard to assign a dollar amount to but they
often inflict the most damage. Six Sigma utilizes a similar concept called
the Cost of Poor Quality (COPQ) which is identical to the PONC. Since
the definition of “quality” is subjective, the PONC is a preferred term since
requirements are either in conformance or they are not. Most traditionally
managed organizations operate at 2-3 sigma (figure 7) which means that
20% to 40% of these organization’s budgets go towards rework and scrap
since they were not done right the first time (Brue and Howes).
Figure 7 – Sigma Level Along With Defects per Million and Price of
Non-Conformance (Brue and Howes)

Sigma Level

Defects per
Million

PONC
(% of Sales)

2

308,537

30-40%

3

66,807

20-30%

4

6,210

15-20%

5

233

10-15%

6

3.4

<10%

Figure 8 – Price of Conformance (POC) Types and Descriptions
Type

Description of
Conformance

Examples

Internal

Production

Costs associated with
production: materials, labor,
equipment, maintenance,
facilities, utilities, etc.

Internal

Appraisal

Costs associated with quality
control measures in detecting defects: preflight, press
pulls, sampling, etc.

Prevention

Costs of keeping defects
from occurring: training,
preventative maintenance,
SOPs, etc.
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Figure 9 – Price of Non-Conformance (PONC) Types and Descriptions
Type
Internal - defective
products caught
before reaching the
customer
External - defective
products caught
and returned to
company
Internal - defective
products caught
before reaching the
customer
External - defective
products caught
and returned to
company
Internal - how
defective products/
services affect your
work flow
Internal - costs
associated dealing
with defects within
organization

Effect of NonConformance

Scrap - total costs
due to scrapped
product

The product or any part
of the product that is not
in conformance,cannot
be reworked, and must be
discarded (materials and
waste)

Rework - all costs
associated with
having to redo it a
second time

The product or any part of
the product that is not in
conformance, but can be
fixed or reissued (material,
labor, equipment, and all
other costs required to fix or
replace original product).

Excessive cycle
times and delays

Customer
Dissatisfaction

External - costs
associated dealing
with defects with
customer

External - costs of
having to replace
customers lost due to
poor quality
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Examples

Loss of
Opportunities

The product remains in
production too long due to
non-conformance or waste
propagating activities; i.e.
rework
Tangible (measurable) and
intangible (unknown) costs
responding to customer
dissatisfaction; low employee morale due to quality
failures; loss of company
reputation and legal costs.

Tangible (measurable) and
intangible (unknown) costs
due to non conformance
issues rather than improving
or growing your business,
lost opportunity for new
work

According to Crosby, quality is measured by the PONC. Since quality
is free, doing something over again is what eats into your profits and is
therefore the cost of quality. Transactions are either in conformance or
non-conformance. (they have either succeeded or failed to meet customer
requirements). Conformance costs are paltry compared to non-conformance costs. What is insidious about intangible non-conformance costs is
that they could be much more than we can estimate. For some customers,
just one production snafu can cause them to go elsewhere (and likely will
give you a bad recommendation to their friends).
A simple formula called the Complete Transaction Rating (CTR) provides
us with the PONC. While not a traditional tool utilized by Six Sigma, I
find it to be highly useful metric that can be used throughout the DMAIC
phases. The CTR measure those transactions required to make a product
or provide a service. In this formula the numerator is the POC (figure 8).
The denominator (figure 9) is the PONC, or the costs of having to do the
job over again. A perfect CTR = 1 which occurs when the PONC is absent.
A CTR of less than “1” indicates quality issues are present.
Figure 10 – POC Worksheet
Price of Conformance
What it costs you the
first time

Example
Description

Cost

Production Costs - labor,
equipment, raw materials,
utilities, overhead, etc.

Budgeted hourly rate
of: pre-press, Canon
850 and bindery
center
(VDP, design, paper,
toner click charge,
equipment leases,
labor, utilities, rent)

$5,000
(.50¢ per
10,000
run))

Appraisal Costs - preflight,
press pulls, sampling, etc.

Preflight, PDF and
hardcopy proof, press
samples at every 100
sheets, calibration

$200
(.02¢ per)

Prevention Costs - training,
preventative maintenance,
SOPs, etc.

Preventative
maintenance click
charge for all
equipment

$100
(.01¢ per)

Subtotal POC
Profit Margin
Total POC

(per piece price-10,000)

$5,300
(.53¢ per)
Based on 40% markup

$2,200
(.22¢ per)

$7,500
(.75¢ per)
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Figure 11– PONC Worksheet
Price of Non
Conformance
What it costs you to
do over

Example
Description

Cost

Scrap

500 mailers lost (includes net costs and
profit margin lost)

$375
(.75¢ per)

Rework

Having to reprint 500
VDP field file (does
not include prepress,
proofing, preflight, or
press pulls)

$225
(.45¢ per)

Excessive cycle time
and delays

Loss of available
press time and bindery- BHR of press
resource $250 x .25
(15 minutes)

$62.50
(.125¢
per)

Customer dissatisfaction

500 credit was given
due to 500 defective
mailers,

$500
($1 per)

Loss of opportunities

Due to 500 defective
mailers, same customer pulled another
job from production
and took it to another printer

$1,200
($2.40
per)

Total PONC
(Defective Per Piece
Price- 500)

Unknown costs of
bad referrals (not
included in this
PONC, but we know
they exist)

$2,362.50
($4.73
per)

CTR Formula

CTR = POC ÷ (POC + PONC)
The CTR is essentially a gauge for profits. Any CTR that is less than “1”
equals eroding profits We should evaluate all our transactions and respond
to any that are consistently producing low CTRs.

How to interpret the CTR and what does it mean
Unlike Juran’s FOD formula which is a defect-free performance metric,
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the CTR tells us how much money we are losing due to poor quality. When
you put a dollar amount on quality, the obvious costs for doing things over
becomes apparent. For instance, in the FOD example from chapter 3, where
a 10,000 variable print mailer process lost 500 postcards due to processing
errors, the following calculations are made using the CTR formula. Each
mailer costs .75 to process, print, and mail, for a total of $7,500 (net cost
plus profit). The POC covers all production, appraisal and preventative
costs (see figure 10).
It was determined that the PONC is $4.73 per 500 mailers for a total of
$2,362.50. The PONC covers all costs explained in figure 11. The CTR formula and the values for this example is:

CTR = POC ÷ (POC + PONC)
POC= $7,500
PONC= $2,362.50
CTR = $7,500 ÷($7,500 + $2,362.50)
CTR = $7,500 ÷ $9,862.50
CTR= .76
If you remember, the FOD for this example was 95% which means our
VDP mailing process is operating at a 95% defective-free level, but it does
not tell us the influence of the defective mailers. Since the CTR tells us how
much money we are losing to poor quality it is a much better performance
metric. The impact of those 500 defective mailers was substantial to the
printer from the customers perspective as evident in the customer dissatisfaction and loss of opportunities fields in figure 11.
The CTR for the VDP mailer is .76. This means that for every dollar they
are losing .24 cents to poor quality (24% PONC). According to figure
7, the VDP mailer is operating at less than 20% of sales, placing it at the
3 sigma level. No good, since we are striving for a sigma level of 6 (near
perfection.)
The CTR would display as a ratio compared to one:

1: .76
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Some examples of ways to utilize the CTR (Crosby):
•

•

If you have a plethora of suppliers, use the CTR to weed out
those who have a consistent CTR of less than 1. Rate holistically - not just on quality of goods but also on the services
provided
In evaluating production, share the PONC for each job with
your employees, not as a punitive exercise but as a motivation
for continuous improvement. One way to do that is to put
a white board with each job listed along with its CTR in the
scheduling room or another prominent place in the plant so
everyone can see how the company is doing in protecting or
neglecting its profits (which should be in the employee’s interest). Everyone needs to know that the PONC is a burden
shared by all.

Other uses for the CTR are to incorporate them into your order processing
systems or track every job through Excel spread sheets. For jobs that receive a CTR of less than 1, look for the root causes of these quality issues;
you may find that you need to incorporate measures to address the problems. Regardless of how you utilize the CTR, never become complacent
with transaction ratings of less than 1.

Crosby’s Maturity Grid
The purpose of the maturity grid is to quickly and simply determine where
failures have occurred in managing for quality and help employees understand strategies for improving quality. Crosby compared managing for
quality to building a good defense in a sports team. If you can prevent
touchdowns or goals, you will not only reduce pressure for your offense to
win by scoring alone, you will also win more games. When the coach understands the opposing team’s defense, the team can strategize and implement a specific offense. Players are required to understand the objective of
the play and recognize their specific role in executing it without penalties.
The grid (figure 12) moves from uncertainty to certainty (maturing) in
three interim stages and evaluates a company’s quality approach in a moment of time. Throughout each stage, management becomes more attuned
to their company’s quality problems and increasingly more proficient in
how to deal with those problems. Those responsible for driving the process can use the grid as a measuring stick (Crosby). Think of where you
52

now work or have previously worked and assess that company’s position of
quality by placing a red dot on each of the stages for each category. You will
quickly see where the company resides in the grid and the path it needs to
follow to reach the certainty stage.

Stage 1: Uncertainty
You may have heard the riddle, “How many psychiatrists does it take to
change a light bulb?” Answer: “Only one, but the light bulb really has to
want to change.” There’s a difference between not knowing and not wanting to know. There’s a cure for a lack of information but the person who
has no desire to learn, grow, or improve is destined for failure. This “clueless” person operates under the assumption that everything is great when,
in reality, his world could be in complete disarray. The difference between
being clueless and clued-in and staying “teachable” can’t be underestimated.
In the uncertainty stage, management views quality as a concept of “goodness.” Everyone in the company has their own definition of what “goodness” means and management may stab at quality improvement efforts by
promoting a “let’s just do it” attitude. Trends and tools in managing for
quality may be superficially implemented without knowledge or long-term
application and are quickly abandoned when perceived as being ineffective in solving quality issues. Desperately going after quality fads, awards
as motivation, enlisting gurus, etc., drives the nail of failure further into
the minds of employees, causing them to distrust subsequent attempts for
quality improvement. Quality issues are obvious and speculations as to
their causes run rampant. In this stage, departments blame other departments; employees look after their own interests rather than the company’s;
management has no idea that poor quality is costing the company upwards
of 20% of sales. AQLs (i.e. if we accept a CTR of .80) are tolerances for
failure and are considered the norm in the uncertainty phase; crisis management is the modus operandi.

Stage 2: Awakening
A unique transition occurs in our lives every morning as we first awake
from our nightly slumber. Though awake, we are not quite ready for prime
time. We have bed head, bad breath, and aren’t typically wearing anything
we would be willing to walk out of the house in. We engage in a morning
ritual that prepares us to face the day.
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Goodness.
Doing things right
requires reduction
in production.

Go do this!
Follow some
award (e.g.
Baldrige) criteria.

Reacts only to
customer
complaints and
problems.

MGMT not
interested in
numbers that do
not have $ in front
of them.

Definition

System

Performance
Standard

Measurement
Benchmarking.
(It is always
possible to find
someone uglier
than you)

AQL’s.
“it would take a
fortune to do
everything right
every time!”

Buy some guru
DVD’s and show
them to your
employees!

Delight the
customer!
(What does that
mean?)

If we can win an
award all our
quality problems
will disappear!

Lets do it too!
Enlist the latest
quality idea of the
month to appear
up to date.

Management
Concepts

Requirements that
were promised the
customer have not
been met.

Continuous
improvement.
You do not have to
get better you just
have to keep
trying.

Certification and
compliance to
systems (e.g. ISO
9000) do not
guarantee quality.

Continuous
improvement.
Drop 6 babies this
week, plan on
dropping only 5
next week!

“We need to get
better.”
Throw off
entrenched beliefs.

Regression Awakening

Crosby ‘s
Uncertainty
Maturity Grid

Rely on statistical tools.
Manipulate numbers to
their own advantage.

Six Sigma.
Accepting errors that will
happen now and then.
(incorrect)

What we really need to
know?
Approach situation with
questions rather than
answers.
“What is the problem?”

Satisfy customer.
We are supposed to
produce what the
customer wants.

Business executives
realizing quality can only
come from their personal
efforts.
Getting real.

Enlightenment

Figure 12 Crosby Maturity Grid

The Price of NonConformance.
Obvious cost of
doing things over
becomes apparent.

Zero Defects.
Do things right the
first time.
MGMT values this
behavior.

Prevention.
Being intentional,
creating a culture of
prevention.

Conform the
requirements.
Everyone knows
that MGMT expects
things to be clear
and clear things
met.

“No reason for not
doing things right.”
No excuse is
acceptable.

Certainty

The awakening stage is a huge first step away from uncertainty. The impetus for this stage comes from customer complaints who say they are tired of
not getting what they were promised. As complaints come in, a company
scurries around trying to address the problems. Although complaints may
temporarily subside, they inevitably return, if nothing is actually fixed.
The awakening stage starts with the question, “What are we going to do
about our quality problems?” Existing managers may come to the realization that their entrenched beliefs and traditions are leading the company
towards insolvency and new managers may be enlisted to lead an awakening. With new and improved “quality” leaders or teams, enthusiasm usually overcomes the need for real learning, however, according to Crosby, the
only person who looks at the whole picture is the CEO. Because everyone
else has a private agenda, the awakening stage must start at the top.
Crosby compares the awakening stage to becoming one’s own medical expert and taking 12 different pills in hopes that one of the pills will cure
the ailment. It’s often sheer luck if any real improvement occurs in this
shotgun approach and if it does, we don’t know how we got there. Management typically throws out buzz words like “continuous improvement”
and expects employees to know what that means. You never really have
to improve; you just need to be trying. “Continuous improvement” could
mean that it’s okay to drop six babies this week as long as we only plan to
drop five next week.
While striving for higher quality is a goal, management remains fixated on
the belief that defects will always occur, can never be completely eliminated, and that attempts at improving quality are actually costing the company
money. After much expense and discouragement, management begins to
notice that nothing is changing except the employees who are becoming
increasingly more cynical about management’s ineffectual attempts to improve quality. Quality is still perceived as “goodness,” however the concept
of conformance is beginning to take root.

Stage 3: Enlightenment
Enlightenment, as defined by Webster, is to give light of fact and knowledge
to; free from ignorance, prejudice, or superstition. Historically, periods of
enlightenment have been pivotal in the way humans view the world. Paradigms of religion, politics, social order, and science where radically shifted
during the Enlightenment period of the 18th century which gave rise to the
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philosophic movement of rationalism and the conception of the Scientific
Method. Crosby views enlightenment as coming to terms with personal
responsibility for one’s actions.
After graduating from college, you will eventually be expected to be responsible for your own life. If you marry, have kids, buy property, or start
a business, you are engaging in life’s risks with the understanding that you
alone are responsible for your own choices. It’s exciting and terrifying at
the same time to be in “control” of one’s own destiny, to be solely responsible for the consequences of our own actions. However, unlike puberty,
enlightenment is not an automatic developmental phase one goes through
and we will all know people throughout our life who will never achieve it.
(This may become painfully evident if you attend your 20-year high school
reunion.)
In the enlightenment stage, management is “getting serious” about managing for quality. “Getting serious” means abandoning hope that there might
be some canned wisdom or programmed steps that would revise the working culture of an organization (Crosby). Management realizes that it’s up
to them to get real and that nothing is going to happen unless they make
it happen. With genuine earnestness, questions like these are being asked:
•
•
•
•

What is our problem?
What are the causes of the problem?
Who caused the causes?
How can we learn to prevent these causes?

Quality is now defined as being in conformance to customer satisfaction
rather than some ambiguous notion of “goodness.” The problem that management faces is how to define satisfaction. Maybe we shouldn’t presume
that everyone in the company know what it takes to make the customer
happy. How do we quantify satisfaction?
At this point the company is not happy about errors but incorrectly assumes that they are going to happen now and then. Achieving zero defects
still seems like a pipe dream. Management is beginning to comprehend
what poor quality is costing the company and can start to measure the
PONC with the CTR. While efforts are being made to gauge the cost of
poor quality, actual losses are still greater than reported losses.
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Stage 4: Wisdom
One is not born wise. To become wise, one must seek wisdom. In this
stage, top management has taken ownership of their role in managing for
quality by providing resources and support for the prevention of defects.
Conformance to requirements is the new definition of quality and everyone in the organization knows what that means and how to achieve it.
When problems arise, there is a clear methodology to solve them. There
is a culture of trust in an organization that is in the wisdom stage as employees witness first-hand that management is intentional in managing for
quality. The company knows what the PONC is and can effectively measure it with the CTR. Actual losses increasingly become more in line with
reported losses.
It is here that the company may have implemented Lean Six Sigma and
while a major transformation has occurred, the concept of zero defects
(ZD) is still not realized. As Crosby notes, Six Sigma allows some defects
to occur (albeit a tiny fraction) which is why he was not a big supporter of
it.

Stage 5: Certainty
This stage assures that all the stakeholders of the organization are committed, educated, trained, and led. In the certainty stage, employees take
their work extremely seriously and are proud to be part of the organization
(Crosby).
Management fosters a culture of quality that upholds zero defects (ZD).
No excuse is acceptable. The real purpose of Zero Defect planning is to
place management in a position they cannot wiggle out of (Crosby). Quality is firmly defined as conformance to requirements and every person in
the organization, from employees to suppliers, knows that management
expects things to be clear and clearly met. When people are hired they do
not automatically know that “doing things right” is the way things are done
around here. We need to give each employee the opportunity to understand what quality is and what their role is (Crosby).
In lieu of inspection (see Deming’s point #3 below), prevention is the modus operandi. Building a culture of prevention raises the intellectual level
of the company (Crosby). The measurement at this stage maintains a con57

sistent CTR rating of 1, which requires
that everything must be done right the
first time. The price of non-conformance
is well known, publicized for everyone
in the organization to see, and reported
losses match actual losses.
As you might imagine, very few organizations actually achieve certainty, but
those that do are at the height of success
in quality awareness.

W. Edward Deming (1900-1993)

Organization
without knowledge
leads to mindless
bureaucracy, and
nothing gets done;
knowledge without
organization leads
to anarchy; and
nothing gets done
-W.E. Deming-

A statistician by training, Deming’s application of statistical theory to manufacturing variation is found throughout Lean Six Sigma. Considered too radical for his own country for his
views of humane leadership and theory of quality management, Deming
left America in the late 1940s to help rebuild Japanese manufacturing after
World War II.
In Japan, Deming found fertile ground for the application of his quality
management principles. However, typical of American hubris, it wasn’t
until the late 1980s that American manufacturers began to realize that
Deming’s teachings were instrumental in the Japanese transformation. By
then it was too late as Japanese products had become the gauge for quality,
overtaking American manufacturing in terms of producing quality goods.

Deming Chain Reaction
Five new ideas:
1) Quality does not have to cost more, as it inevitably does in a 		
quantity system.
		
• At a minimum, all those inspectors have to be paid
		
• Quality could and should cost less
2) Customers are part of the system
3) Suppliers are part of the system
4) Ideas from customers and suppliers could be used not only to 		
improve the product but to improve the production system as well
5) Use Statistical Process Control (SPC) to study and understand
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the system and develop a way to think about how to improve it.
The Deming Chain Reaction

Cost Decrease

Productivity Improves
Improve Quality
Increase Market Share
With Better Quality and Lower Prices
Stay In Business
Provide Jobs
14 Points
To understand managing for quality we must become acquainted with
Deming’s 14 Points. These points were borne out of his observation of how
poorly American industry managed for quality as well as the management
philosophy he introduced to the Society of Japanese Engineers in the mid20th century. Implemented in America in the 1980s (some 30 years after
its implementation in Japan), these concepts, while not yet formally articulated as in the 14 Points, were pivotal in Japan’s industrial transformation
from ruination (post WWII) to world dominance in less than 40 years.
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The 14 Points, “are the basis for transformation of American Industry”
(Deming). Applicable to both manufacturing and service industries, they
are the foundation of the modern quality movement. The 14 Points with
excerpts and paraphrases from Out of the Crisis by Deming are listed below.

1. Creating Constancy of Purpose
Management must aim its efforts
The purpose of the Toyota
at keeping the company alive,
Production System (TPS)
making a profit, and improving
– a precursor to Lean –
life for its customers. As those in
organizations focus primarily on
was not to improve
quality, quality will increase over
quality but to reduce costs
time while costs will fall. It’s important to note that the primary
purpose of the Toyota Production System (TPS) – a precursor to Lean – was not to improve quality but
to reduce costs.
Management should avoid short-term gains that could adversely affect
long-term viability; a company that has driven itself out of business offers
no value for its customers and its employees. An example of creating a
constancy of purpose would be the billionaire Warren Buffet, Chairman of
Berkshire Hathaway, who invests only in companies that he deems to have
a Sustainable Competitive Advantage (SCA):
•
•
•

Sustainable: having long-term validity
Competitive: being on top or in the top percent of your market
Advantage: possessing something special that is unique and
therefore makes your company more desirable to your customers than your competitors

Having a SCA means you are creating a constancy of purpose

2. Learn the New Philosophy
The Deming system must be learned and embraced by everyone in the
system including suppliers. The new philosophy states we no longer
tolerate:
• Acceptable Quality Levels (AQLs)
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•
•
•
•
•
•
•
•

Defects
Supplies (raw materials) not suited for the product or service
Workers uncertain of their actual job and too afraid to ask
Handling damage
Outdated SOPs and poor training
Flaccid and ineffective supervision
Management not having buy-in with the company
Short-term, leap-frog managers, using current position as a
stepping stone to further advancement

An important takeaway from learning this new philosophy is the principle
that the cost of living varies inversely with the amount of goods and services
that a given amount of money can buy. As the cost of goods and services
rises, our standard of living (and possibly quality of life) goes down. Delays and mistakes
raise costs.
In
Consumer Confidence Index (CCI) Investopedia.com
short, bad quality
is killing our liveThe idea behind consumer confidence is that a happy
consumer – one who feels that his or her standard
lihood. A massive
of living is increasing – is more likely to spend more
recall can cost a
and make bigger purchases, like a new car or home.
car company bilA strong consumer confidence report, especially at
lions of dollars.
a time when the economy is lagging, can move the
Example: GM had
market by making investors more willing to purchase
to recall 16.5 milequities.
lion of its cars due
to a faulty ignition
A strong national economy requires a strong conswitch for an estisumer confidence index. If the consumer feels like
mated cost of $1.2
their standard of living is decreasing or remaining
stagnant, the economy will likewise suffer.
billion dollars. To
make up the lost
revenue, the company will charge
more in the future, passing the cost on to the customer. Because of the cost
increase, less people will be able to afford new cars, reducing their standard
of living since they would have to search for lower cost alternatives (See the
CCI insert).

3. Understand the Purpose of Inspection
Inspection has no effect on conformance; products are either in conformance or they aren’t. For instance, a final exam is a form of inspection; it
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does not make the student more intelligent. In theory, although inspection
may seem like one way to ensure quality to the customer, it is expensive and
often unreliable. The following were
points made by Deming regarding inspection and its purpose:
•
•
•
•

Quality comes not
from inspection but
from improvement
of the process

Inspection doesn’t improve quality, however, when quality is
not present, inspection may be the best course of action.
It is important to carry out inspection at the right point for
minimum total cost.
Quality comes not from inspection, but from improvement of
the production process.
Inspection, scrap, downgrading, and rework are not corrective
actions of the process; they only serve to raise costs.

4. End Business Practices Driven by Price Alone
Buying the cheapest supplies may often raise your actual costs. The way
to get the least expensive, best supplies, is to work with one supplier for
each item in a long-term relationship. As Japanese management learned
in the 1950s, the best solution to improvement of incoming materials is to
make a partner of every vendor and to
work together with him/her on a longBuying the cheapest
term relationship of loyalty and trust.
supplies may often
Deming noted that no manufacturer
raise your actual
possesses enough knowledge and mancosts
power to work effectively with more
than one vendor for any item (see Lululemon case study in chapter 3). When
purchasing supplies, the company must change its focus from lowest initial
cost of material purchased to lowest total cost. Put in today’s vernacular,
a manager that habitually gives his business to the lowest bidder is a “tool”
and deserves to get “owned.”

5. Constantly Improve System of Production and Service
This point was the kernel for the Lean term, Kaizen. Once you realize a
huge improvement in one part of the process, if you do not monitor and
aim for continued improvement you will eventually wind up with another
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problem. In other words, constant improvement and avoidance of settling into a rut is essential. Putting out fires is not improvement of
the process; neither is discovery and removal of
special cause variation.

6. Institute Training

Constant
improvement
and avoidance
of settling into
a rut is
essential

According to Deming, the greatest waste in
America is the failure to utilize people’s abilities. Employees must know
what the goal of the system is and how their tasks fit into that goal. Typically, new employees are trained by working under existing employees,
potentially learning their mistakes and then in turn, creating their own
new variations on those mistakes. In managing for quality, training will be
much more extensive because it must include both training for the necessary specific skills and training in teamwork and communication. Management must understand and act on problems that rob the production
worker of the possibility of carrying out his work with satisfaction. Training must include an awareness of customer needs.

7. Teach and Institute Leadership
Deming believed the American worker, when properly led (rather than
driven) is the best in the world, so leadership
Leadership
must replace supervision. To lead well, the manager must know and understand what the emmust replace
ployee does. “What leadership must do,” Deming
supervision
said, “is to help people.” He also noted that he
never found a quality company that was not also
an ethical company. Ethics and motivation come from the top and are
necessary elements of leadership.

8. Drive Out Fear and Create Trust
It is management responsibility to drive out fear and build trust. Using fear
as a method of control directly contradicts and opposes the Deming method. Everyone in an organization must cooperate in a sense of mutual trust
and respect. Deming admitted, “I personally don’t think fear will ever be
driven from the workplace,” however, a quality management system cannot
exist where fear is a method of control or where an atmosphere of mutual
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respect does not exist.

9. Optimize Team and Individual Efforts
Most American organizations are divided into divisions and departments,
each of which competes against the others for its own benefit, causing inevitable internal political wars. The unspoken rule in corporate politics is – if
you can’t make yourself look better, make someone else look worse. Under
this dysfunctional system, the company suffers because of internal power
grabs. A quality work environment is one where everyone has a part in the
improvement of services and in reduction of costs.

10. Eliminate Exhortations for the Work Force
If supplies are shoddy, equipment unstable, the management system chaotic, and the work force untrained and/or fearful, productivity is not going to
be increased by posting banners or signs in the workplace exhorting workers to produce quality work. Banners are intrinsically ineffectual; blaming
workers for a lack of quality or suggesting that achieving quality and success is entirely in their hands is not only unrealistic but counterproductive.
According to Deming “Do it right the first time,” a cousin of Zero Defects
(ZD), becomes another meaningless slogan. These exhortations arise
from a false belief by management that workers could, by putting their
backs into their jobs, accomplish ZD, improve quality, productivity, and all
else that is desirable. To the contrary, a culture of quality originates at the
top as quality troubles come from the system which management created.
To improve quality, management, not employees, must solve the problem.

11. Eliminate Numerical Quotas and Management by Objective
(MBO)
Quality is more important than quantity. Numerical goals/quotas are remnants of mass production. A certain goal had to be attained to cover the
sizable percentage of products expected to be unacceptable. Deming had
this to say about numerical quotas:
•
•
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As much as 25% of a manufacturing plant’s budget is spent on
finding and fixing mistakes.
Rates for production are often set to accommodate the average

•
•

•

worker (half being above average and half below):
• Peer pressure puts a ceiling on the “above-average” worker
while the “below-average” worker cannot meet the goal.
• Loss in production,
A culture of quality
chaos, dissatisfaction,
originates at the top as
low morale, and high
employee turnover
quality troubles come
are the result.
from the system which
Quotas are an obstacle
management created
to improving quality and
productivity.
In a quality management
system, everyone is aware that there must be sufficient product
to satisfy customer orders, but the focus is on how well the
product is made.
The only number that is permissible for a manager to dangle
in front of his employees is a plain statement of fact with respect to survival of the company in dire times.

12. Eliminate Barriers that Rob People of Pride of Workmanship
You cannot take joy or pride in your
work if you must outdo your fellow employee to earn some sort of external reward. Deming asked us to consider the
following:
•
•
•
•
•

Employee
turnover goes up
as the proportion
of defects goes up

An annual rating of performance, or merit rating, is a barrier to pride of workmanship.
The object of removing all the barriers is so that employees will
take pride and joy in their work, rather than in their ratings.
Pride of workmanship means more to the employee than
earning perks.
Barriers to pride of workmanship maybe one of the greatest
obstacles to reducing costs and improving quality in the United States.
Employee turnover goes up as the proportion of defects goes
up; turnover goes down when it becomes obvious to employees that management is trying to improve the process.
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13. Encourage Education and
Self-Improvement

Pride of workmanship
means more to the
employee than
earning perks

According to Deming, education
amounts to “anything that keeps people’s minds developing.” While training for skills is finished once a skill is
learned, education is never finished. This means that employees should be
encouraged (and compensated) to learn things outside of what they need
to know to do their jobs (e.g., take a creative writing course, learn another
language, etc.). When we talk about continual improvement of the system, there is a tendency to forget that the people in the organization are
also critical parts of the system who themselves must aim for continual
improvement.

14. Take Action to Accomplish the Transformation
To put into use, you must not only believe
If the
that the Deming quality management sysorganization
tem will work, you must develop a critical
wins, everybody
mass of associates who are on the same page.
The goal is to develop a cooperative work
wins
community wherein everyone uses their collective expertise to build quality and accomplish the goals of an organization. What we must believe – and what must
in fact be true – is that if the organization wins, everybody wins. As an example, if management were to give a monthly report of its plans to improve
processes/systems (such as purchasing better quality materials from fewer
suppliers, providing better maintenance, improved training, or statistical
aids with better supervision), the message would be that management is
interested in working smarter (not harder) and willing to make the investment to make that happen. Morale will boost as employees see management taking responsibility for existing defects and pro-actively seeking
ways to remove obstacles and/or improve processes.
While everyone in an organization should be familiar with the 14 Points,
the truth is that getting a quality management system going depends on upper management. “Quality goes all the way through an organization,”but it
can be no better than the intent of the top people” (Deming).
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Deming’s Seven Deadly Sins of Management
Used in tandem with Deming’s 14 points these are the seven deadly management sins that affect quality.
•
•
•
•
•
•
•

Lack of constancy of purpose (point 1)
Emphasis on short-term profits (point 4)
Evaluation of performance, merit rating, or annual review
(points 11 and 12)
Mobility of management (point 1)
Running a company on visible figures alone (point 4)
Excessive medical costs (point 12)
Excessive costs of liability (point 12)

Deming’s System of Profound Knowledge
Deming said that an understanding of quality requires education. His System of Profound Knowledge lists four elemental concepts that if we take
time to understand, will help us avoid the pitfalls and potholes that occur
in managing for quality:
1) Appreciation for the System
2) Theory of Knowledge
3) Psychology
4) Understanding Variation

Appreciation for the System
Every activity and step in the printing process (suppliers, sales, estimating,
customer service, production, billing, prepress, press, post-press, mailing,
delivery, etc.) is part of the system. The system is the collective “everything” we do in GRC from marketing to providing service to the customer
after the work has been completed. Each part of the process is like a link
in a chain with the weakest link affecting the integrity of the whole. Those
activities and steps outside of our immediate control like suppliers, utility
providers, tenants, banks, and shipping vendors, are also part of the system. From beginning to end, the goal for every stage of the system should
be to satisfy the next stage. Unlike the trade subcontractor who comes to a
job site and performs his job without concern for trades that follow, appreciation for the system is recognition and respect for each activity/step, with
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quality of the entire system in mind.
This has been a major paradigm shift for management. Most managers
have viewed their arena of influence as separate from the other steps in the
process and all was well as long as their part of the process was not part of
the problem.
I once worked as a camera operator for a large sheet-fed printer. The working relationship between prepress and press was hardly cooperative, and
the pressman would literally cringe when they had to ask prepress for a
rule-out (check crop marks and other QC). If a film assembler messed up
on their measurements, the supervisor would let it pass to platemaking
saying that they could fix it on press, an attitude that I believe created the
bad feelings between the two departments. It is easy to imagine that most
quality problems could be avoided if they were detected and fixed at the
source and not passed on to the next “link in the chain.”
Management’s role is to optimize the system as a whole; since management creates the system, quality problems are the
direct result of poor management. The
production worker cannot fix the system by simply striving for perfection or
by trying harder because managing for
quality comes by actively improving the
system. Lean Six Sigma methodology is
to define, measure, analyze, improve and
control (DMAIC) systems that are either
created or inherited.

Since management
creates the system,
quality problems
are the direct result
of poor
management.

Theory of Knowledge
Theory of Knowledge examines how people think and act. Statistics tell us
that only 10-40% of the information our human brains process is actually
based in fact. Because we often operate on an emotional level, our emotions impact our beliefs and can develop into mental barriers and personal
biases that then affect how we perceive a situation, make decisions, or solve
a problem. Some of the material from my high school science books has
since been dis-proven by modern science. It would be foolish to for me to
cling to faulty information just because I am attached or because certain
reasoning has worked for me in the past. Applying the Theory of Knowl68

edge concept means I am willing to re-evaluate and challenge whether information I’m using to make decisions (solve a problem, etc.), is indeed
“factual”, and if not, modify my thinking/reasoning
Deming’s Theory of Knowledge acknowledges that humans are organisms
that are prone to cognitive (how we think and process information) and
heuristic (how we make decisions) biases. Types of these biases that can
adversely affect our path to managing for quality are:
•
•
•
•

•
•
•
•

•
•
•
•

Confirmation Bias: The tendency to search for or interpret
information in a way that confirms our own preconceptions.
Incentive Caused Bias: People with a vested interest in something will tend to guide you in the direction of their interest.
Model Bias: Automatic assumption that our idea or approach
is best.
• HiPPO – Highest Paid Person’s Opinion matters the most
Gambler’s Fallacy: The tendency to assume that individual
random events are influenced by previous random events. For
example, “I’ve flipped heads with this coin five times consecutively, so the chance of tails coming out on the sixth flip is
much greater than heads.”
Observer Effect: By simply observing an experiment, the researcher inadvertently has some kind of effect on the experiment.
Optimism Bias: The systematic tendency to be over-optimistic
about the outcome of planned actions.
Anchoring Bias: Over-reliance on the first thing you hear
Bandwagon Effect: Herd mentality; the probability that you
adopt a belief increases based on the number of people who
hold that belief (the reason why committees are often ineffectual).
Clustering Illusion Bias: Our tendency to see patterns in random events.
Ostrich Effect Bias: Ignoring negative or dangerous information because you do not want to hear it.
Recency Bias: New information is weighed more heavily than
prior data.
Zero-Risk Bias: Favoring certainty (deterministic) over risk
(frequentist).
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Psychology
What incentives do we use to encourage people to do what we want, or
don’t want them to do? Is it money, power, reputation or something else?
We know for a fact that people are motivated intrinsically (internal desires
and needs) and extrinsically (external forces), with intrinsic motivation
being the more powerful of the two.
The power of psychology in quality management is evident in the Pygmalion Effect which is that employees tend to rise to the level of management’s expectation. Fear might be a highly effective short-term motivator
but in the long-run it is highly demoralizing and ineffective. I knew of a
newly-appointed supervisor whose idea of an evaluation was to ask their
subordinates what bothered them about their fellow employee and then
use that feedback as a recommendation for improvement. This dysfunctional management style was not only fear-based (employees felt like they
were being asked to rat on their coworkers) it destroyed the morale of the
small group of employees under this supervisor. In managing for quality,
managers should develop pride and joy in their workforce by embracing
cooperation rather competition between employees.

Pygmalion Effect- individuals tend to rise to the
level of other people’s expectations of them
Pygmalion Paradox- having high expectations of
people will produce better results, but also increases
the probability that you will be disappointed
Understanding Variation
Variation is part of Deming’s System of Profound Knowledge and a foundation for Lean Six Sigma. Variation recognizes that there is fluctuation
in the output of a process and that every repeatable process has variation
(Brue and Howes). Every activity and step of our GRC processes has inherent variation with humans as the greatest single cause. Deming said
that unless we understand and can detect variation, quality will always be
outside our grasp.
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One of Lean Six Sigma’s main objectives is reducing defects and variation
in processes. The two types of variation are common cause and special cause
(figure 13). While common cause is natural and expected, special cause is
unnatural and unpredictable and if not corrected, will cause non-conformance issues.
Figure 13 - Comparison of Common and Special Cause Variation
Common Cause Variation

Special Cause Variation

80% - 90% of all variation in a process

10 - 20% of all variation in a process

Built into the process

Outside the process

Natural, random, and predictable

Unnatural, follows patterns, and is unpredictable

If controlled and managed, results in
improvement

Must be eliminated; elimination does not
improve process but brings back stability

Found alone; process is stable

If found present, process is unstable

Fire prevention

Fire-fighting by crisis management

As its name suggests, common cause variation is the most prevalent of the
two types of variation. Common cause is natural, random and predictable.
If a process has only common cause variation we can predict that the process will remain in stable state, unless something alters the process. In
order to improve processes, we seek to reduce common cause variation.
Since special cause variation is aberrant from the process and follows patterns, we can detect its presence in the use of control charts (process behavior charts). Using these charts we are attempting to locate the signal
(special cause) amidst the noise (common cause). Remember, the Theory
of Knowledge states that we are all prone to personal biases and tend to
look for patterns where none exist, so we can easily miss or overreact in
terms of locating and responding to special cause variation. Since managing for variation is so important in terms
In my experience,
of managing for quality we will devote a
people can face
whole chapter in how to detect and respond to the two types of variation.
almost any
Perhaps the best book I have read on understanding variation is Donald Wheeler’s appropriately titled, Understanding
Variation. Wheeler was a disciple of

problem except
the problems of
people
-Deming-
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Deming and understood why he included Understanding Variation in his
four pillars of Profound Knowledge. The Theory of Knowledge has shown
us that we are all biased creatures, and the danger is that we filter data and
information through these biases that could result in erroneous interpretations of variation. Those who do not make the distinction between signals
and noise will inevitably be biased in one direction or another (Wheeler).
Deming said we can make two mistakes in analyzing data for variation:
1) Interpret noise (common cause) as it were the signal (special 		
		cause), or
2) fail to detect the signal (special cause)
Wheeler noted that we can do three things to meet a goal:
1) Improve the system
• To improve the system we need to reduce and manage common cause variation
2) Distort the system
• If we do not know what we are doing, we can mistake common
cause variation for special cause variation and make changes
where that actually make the process worse
3) Distort the data
• We can always filter or “cook” the data to make our processes
look better than it really is
Understanding variation and how to react to it is vital in managing for
quality, not only in detecting variation when it occurs, but also calling B.S.
when someone tries to fool us with creative data manipulation.
An example of the two types of variation can be illustrated in your daily
commute to your job. You expect your commute to take a certain amount
of time give or take a few minutes here and there for the occasional delay.
This is common cause variation, you have done this commute hundreds of
times and can predict it will take X amount of time. However, if one day
during your commute you are held up for three hours because of a 12 car
pileup caused by an overturned semi-truck of live ostriches, that would be
considered special cause variation. The freak accident was so far outside of
the normal process, there would have been no way to predict the scenario
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that caused you to be detained.

Acting on, and
eliminating special cause
variation does not yield
improvement; reducing
common cause variation
yields improvement

Cleaning up the ostrich mess does
not improve the freeway process,
it only brought it back to its natural and stable state. Acting on,
and eliminating special cause
variation does not yield improvement; reducing common cause
variation yields improvement. If
traffic lights were changed to increase car throughput, or if an on-ramp was added to alleviate bottlenecks
which resulted in a reduction of your commute time by 5 minutes, that
would be improvement.
Unlike this example, special cause variation is not as obvious as an overturned semi-truck. It is most often hidden and can only be detected through
control charts. Special cause variation exists outside of the process, which
is why it is located by the control chart via control limits. If you have ever
worked in an environment were crisis management was the modus operandi, then you are familiar with special cause variation. As painful blisters
signal the presence of chicken pox, crisis management signal the presence
of special cause variation.

Types of Special Cause Variation
•
•
•

Within-piece (e.g., range of SIDs on a sheet)
Piece-to-piece (e.g., average of the SIDs from one sheet to another)
Time-to-time (e.g., different production times; different SID
readings from one shift to another)

Within-piece variation, as the name suggests, is variation found in the
piece or sample, which can be determined by examining the median or
Rbar (mean) of the ranges (Dmax-Dmin) between sub-samples. Piece-topiece is variation that is usually detected by comparing the median or Xbar
(mean) from one sample to another. Time-to-time measures variation as is
occurs over a period of time within a homogeneous process.
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Major Causes of Special Cause Variation (Deming)
•
•

•

•

Poor system or process design (created by management)
Management fails to remove the barriers of quality for their
employees
• Hourly employees unclear about their work schedule (either by capricious or poor planning by management)
• Employees unclear as to when a product is in conformance or non-conformance; standards change from day
to day depending on mood of management
• Employees must hide or correct defective workmanship
• Employee performance based on quantity versus quality
• Employees must work on faulty or poorly maintained
equipment
• An uninformed workforce (not only in their specific individual tasks, but how their work contributes to the big
picture)
• Absentee workforce: apathetic employees routinely don’t
show up for work causing other employees to have to pick
up the slack
• Employee turnover: constantly having to hire and train
new employees
• Poor follow-through by management (not doing what
they said they would do)
Poor instruction (training) and/or poor supervision
• Supervision: an extraordinary ability to see what is around
you
• Super: excellent, above average, high degree
• Vision (Latin is visonem): to see; the ability to see what
can be seen
• Flaccid supervision: afraid to make decisions
• Uninformed supervision: not knowing what the employee’s job duties are
Failure to measure correctly
• Supplier, consumable issues

The graphic communication industry (custom product manufacturing
along with elements of a service industry) has variation in all its processes
and unless intentionally addressed, will always be a hindrance to quality.
We need to understand and be able to differentiate between these two types
of variation, otherwise we cannot fix problems or improve systems (Dem74

ing). We also need to know what variations are to be expected and what
are outside of the normal processes. Indeed, we could do more damage
by trying to fix common cause variation while ignoring or missing special
cause variation. Lean Six Sigma gives us the tools to measure and identify
special cause variation as it occurs and provides us methods to eliminate it.
Consider this real-world case study: XZAK (fictitious name) was a medium-sized commercial sheet-fed printer. The owner for XZAK took in
a project that booked production for two solid weeks. The project was
composed of six-color pocket folders, brochures, and an assortment of collateral materials traditionally produced for a major company re-branding.
XZAK’s equipment consisted of two six-color presses: a 25” press and a
brand new 19” press (first of its kind in the U.S. being beta-tested for the
press manufacturer).
Because a second shift was needed to complete the project, pressmen who
normally operated two and four-color presses were moved to this new
six-color “second shift.” Not surprisingly, the usual pressman for the 25”
press produced sheets in conformance of the VOC (customer-approved
press check), however, it was later discovered that the two-color operator who was not properly trained on the six-color, struggled holding color
throughout the press run. After inspection and inquiry, the entire press
run (two pallets of paper and one entire shift) was found to be in non-conformance and had to be scrapped and reprinted.
XZAK didn’t fare much better on the new 19” press and after a run of
pocket folders it was discovered that the computer-controlled side guide
was operating sporadically, shifting as much as 1/8” per sheet. Because
the press maintained perfect registration/color on the side being printed
and the side guide shifting was sporadic, the press pulls passed inspection. However, because front-to-back registration was off and had die-cuts
that registered to images, the entire press run was in non-conformance,
scrapped, and had to be rerun. Although the majority of the work for this
project was in conformance and XZAK did make an overall profit, management held employees responsible for the non-conformance issues (as
was their modus operandi) and as a result morale plummeted. A few years
later XZAK was out of business.
Both the untrained pressman for the 25” and the side guide failure of the
19” (later discovered to be the result of errant programming by the press
manufacturer) resulted in unnatural variation (occurring outside the nor75

mal press processes) which in turn, resulted in instability. Remember this:
the process must be both stable (predictable) and capable of hitting customer specifications to be in conformance. We cannot have one without
the other; stability and capability must both be achieved to produce products in conformance.
Anyone who has run an offset press can attest to the normal variation of
the SIDs on the sheet throughout the run. In investigating press processes
we find occurrences of this variation that at first may seem alarming, however, these “heartbeats” of a particular press when mapped and analyzed,
are often predictable and are natural expressions of the process.
When a process is unstable we cannot count on it to be consistent; it is
unpredictable. This type of variation wreaks havoc on the process and is
more than chasing targets; something is clearly wrong. While we must
locate special cause variation and eliminate it, when we do so, we are not
improving the process but only reacting to solve the problem and return
stability. When we are pro-actively and intentionally controlling common
cause variation (normal, natural, predictable), we are improving the process.
As mentioned before, management is responsible for 90% of non-conformance issues. If XZAK had a culture of quality wherein employees were
empowered to halt production as quality issues arose, the pressman, having
detected defects, could have stopped the press, alerted management, and
averted scrapping/rerun. Toyota does this with Andon cords. The cord,
once pulled, alerts the supervisor of a problem. If pulled twice, production stops so the problem can be fixed at the source. In the case of XZAK,
because management created the process, they were ultimately responsible
for conformance failures.

Joseph Juran (1926-2008)
Like Deming, Juran was invited to Japan after WWII to help rebuild Japanese industry and manufacturing. Juran focused his attention on managing for quality through training top and middle managers in methodological steps in quality planning and execution. Like Deming, Juran’s quality
philosophies were largely overlooked in America until the late 1970’s when
it became apparent that Japan was going to overtake America in quality
manufacturing.
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The American Society for Quality adopted Juran’s “Fitness for Use” as their
“definition of quality”. Juran’s contribution to the American quality movement in the latter part of the 20th century cannot be overstated. Juran’s
adaptation of the theories of Italian economist Vilfredo Pareto (1848-1923)
into the creation of his Pareto Chart, is another major contribution to the
quality movement and one of the most utilized and practical of the seven
Total Quality Tools.
Juran insisted that “quality” must be an integral part of management; the
primary focus of management is to reduce the cost of quality.
Juran noted:

In the United States, probably about a third
of what is done consists of redoing what
was done previously, because of quality
deficiencies
For most companies and managers, annual
quality improvement is not only a NEW
responsibility; it is also a radical change in
style of management - a change in culture

Juran’s Quality Improvement
•
•
•
•
•
•
•

Improvement means the attainment of unprecedented levels
of performance (breakthrough)
Quality improvement is very different from “fire fighting”
Upper managers should personally participate in the review of
progress on improvement
Quality improvement should somehow be mandated
All quality improvement takes place project by project
Quality improvement is not capital intensive, but quality improvement does not come free

Juran’s Trilogy
Similar to Crosby’s Four Absolutes as a quality dogma, Juran proposed that
quality is created, transfered, and maintained in three steps:
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1) Quality Planning
2) Quality Control
3) Quality Improvement
Quality planning is the activity of developing the products and processes
required to meet customer needs:
1) Identify who your customers are
2) Identify your customers needs
3) Design products and service features that meet those needs
4) Design processes and systems to produce the products and 		
services
5) Transfer to real production and services
6) Repeat
Quality control consists of the following steps:
1) Develop quality goals that ensure the needs of the customer 		
will be met
2) Measure and evaluate how the process is actually doing
3) Gap analysis - compare actual performance to quality goals; 		
4) If there is a gap, ACT!
Quality improvement process is the means of raising quality performance
to unprecedented levels (breakthrough):
1) Design infrastructure to facilitate annual improvement
projects
2) Identify improvement projects
3) Establish teams to lead improvement projects
4) Management provides resources for improvement teams needs
Lean Six Sigma has incorporated Juran’s Trilogy in its DMAIC approach to
solving problems and leading improvement projects. By viewing the actual state (the existing process that needs improvement), and the ideal state
(what the process would look like after improvements have been made),
provides a solution path to the cross disciplinary team of stakeholders who
are leading the improvement project. By comparing goals to actual performance we can determine how well our process are doing or how much we
need to improve in order to hit our quality goals, which essentially is what
we would do in all five DMAIC phases.
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The Lean Six Sigma term, Big Hairy Audacious Goals (BHAGs), is a descendant of
Juran’s quality improvement philosophy of
setting lofty quality goals that seem all but
unattainable in the current state. Lean Six
Sigma also adopted Juran’s notion that fire
fighting (or crisis management) is not improving the process.

Quality
improvement is
achieved by
teamwork, not
solo warriors

Lastly, quality improvement is achieved by teamwork, not solo warriors.
Upper management must provide the improvement teams with the necessary resources (money, time, equipment, etc.) so they can complete their
improvement projects. These are fundamental principles that have been
adopted by Lean Six Sigma.

Genichi Taguchi (1924-2012)
Japanese engineer, Genichi Taguchi, held that the traditional interpretation of “goal post” tolerances (figure 14) for conformance - assuming that
a product is in conformance as long as it falls within the lower and upper
specification limits - is flawed. A more accurate assessment of specification
limits should focus more on hitting targets rather than allowing variation
to occur with set tolerances.
Like Crosby, Taguchi’s Loss Function puts a dollar amount on variation inciting us to pay attention to what is really going in our processes. Economic losses are greater the further the distance from the target as a product on
the cusp of the specification limit is more likely to fail rather than a product
that is closer to the target (figure 15). Tighter specifications limits indicate
less variation present in the process and thus better quality as products will
be more consistent, fail less, and be less costly in the long run.
Example: the VOC gap tolerances for a car door assembly maybe ∆
±.03125” from a gap target of .0625”. The smaller the door gap, the better
the chance that the seal won’t fail during the lifetime of the vehicle. A larger gap could cause a car door seal failure which the manufacture may have
to fix with a costly recall. When installing the door, if the car manufacturer
put a weighted cost to deviations as they grow further away from the gap
target, more effort would be applied in hitting the target rather than focusing solely on falling within specification limits.
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Figure 14- Traditional
Goal Post
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Sakichi Toyoda (1867-1930), Kiichiro Toyoda (1894- 1952)
Sakichi Toyoda is the father of the Toyota Production System (TPS),
the precursor to Lean. He was born in rural Japan outside of Tokyo to
a working-class carpenter. Textiles being the main industry of his rural
birthplace, Toyoda grew up watching the women of his family toil on the
hand-operated wooden looms. As a way to ease their labors, he invented
the Automatic Power Loom which greatly reduced the effort required in
the weaving process. The machine could be operated with just one hand
and stopped automatically if a thread ripped or came apart. This principle
of autonomous automation became known as Jidoka and is a fundamental
concept utilized in Lean Six Sigma.
Within a year of the loom invention, Toyoda started Toyoda Loom Works
which became the most prosperous business in the region and transformed
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Japan’s burgeoning textile industry. Over the course of his life Sakichi
Toyoda was a prolific inventor and filed over 100 patents.
Fascinated by the new automobile industry, Sakichi’s son Kiichiro, traveled to America in 1911 and studied Henry Ford’s conveyor assembly line.
Kiichiro also visited the American grocery chain, Piggly Wiggly, where he
became acquainted with their process of re-ordering and restocking only
after a customer purchase.
Kiichiro went back to Japan and persuaded his father to invest in an expansion of a automobile division within the Toyoda Loom Works. Toyoda replaced the “d” to a “t” in his family name, christening the new auto division
Toyota Motor Works. Toyoda took the concept of Jidoka from the family
loom manufacturing business and combined it with the best ideas of the
Piggly Wiggly Just-in-Time (JIT) system and Ford’s conveyor assembly line
creating the building blocks of what we now call TPS.
The JIT method of manufacturing creates a product only after the customer has ordered it; supplies to production cells are delivered only when
needed. JIT pulled products through manufacturing based on real orders,
rather than pushing products through regardless of demand, which was
the preferred American manufacturing method. As a result of JIT, TPS is
known today as a Push system.
Jidoka, automation with a human touch, was installed in the form of the
Andon (Japanese for light) cord. Once pulled because of a problem the
assembly line slowed down to a manageable crawl so a team of employees
could solve the problem at the source. For problems that required more
attention, the cord when pulled twice actually stopped the assembly line
ensuring that no defective products would make its way down the line.
In the 1980s GM entered into a partnership with Toyota to reopen a scuttled GM plant in California, a joint effort by the two automakers to make
fuel efficient cars in America. The new plant was called New United Motor Manufacturing, INC or NUMMI. GM sent American autoworkers to
Japan to work alongside Japanese workers who would train them in TPS
so they could bring the efficient manufacturing back to NUMMI. American’s were gob-smacked at the Japanese employees ability to stop the line
if a problem occurred as this was anathema to GM, where the assembly
never stopped for anything. When GM applied TPS to its manufacturing methods, the American car company began to make reliable cars that
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Americans actually wanted. In addition to TPS, the Toyoda family also
developed the concept of 5 Whys; when a problem occurs, ask “why” five
times to find the root cause of the problem (Wikipedia).

The Original Toyoda Precepts (1935)
1. Be contributive to the development and welfare of the
country by working together, regardless of position, in
faithfully fulfilling your duties
2. Be ahead of the times through endless creativity,
inquisitiveness, and pursuit of improvement
3. Be practical and avoid frivolity
4. Be kind and generous; strive to create a warm,
homelike atmosphere
5. Be reverent, and show gratitude for things great and
small in thought and deed
Walter Shewhart (1891-1967)
It would be difficult to imagine Deming’s career without Walter Shewhart.
Shewhart developed the foundation and principles for Statistical Process
Control (SPC) in the form of the control chart, a graphic chart with data
plotted continuously around the mean (Xbar) and within control limits
based on 3 standard deviations from both sides of the mean (Xbar). Shewhart noted that data outside of 3 standard deviations on either side of
the mean or that follows peculiar patterns could indicate the presence of
“uncontrolled” variation in the process.
Shewhart compared data distributions from physical (man-made) to naturally occurring processes and discovered that while all processes contain
controlled variation that is natural, the man-made processes sometimes
contained uncontrolled variation. Shewhart’s work in managing for quality through the analysis of controlled and uncontrolled variation was fur82

ther developed in Deming’s concept of Profound Knowledge/Understanding
Variation; controlled variation became common cause and uncontrolled
variation became special cause. Shewhart’s invention of the control chart
(or process behavior chart) and its ability to sniff out special cause variation was his greatest contribution to the quality movement, making him to
be one of the founding fathers of Lean Six Sigma.

Case Study: The Hubble Space Telescope 		
(CEBOS-Photo NASA)
The promise of an advanced technology
orbiting
telescope
seemed almost endless until someone
tried to look through
it. The images were
only slightly better
than
Earth-based
telescopes and very
distant and faint objects could not be seen
at all (the very purpose for having an orbiting telescope). It turned
out that the most precisely ground mirror in history had been
ground into the wrong shape.
A congressional investigation revealed that during production negative testing results from multiple instruments were ignored, while
the good readings from a flawed instrument were accepted. Additional billions were spent correcting the problem. What type of
biases do you think occurred in the Hubble Space Telescope fiasco?

Case Study: Managing Variation
Variation in nature is the driving force behind evolution so it’s is
a good thing. Slight changes or modifications that better position
individuals to survive are be programmed into the DNA of the next
generation and the cycle repeats itself.
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In managing for quality, variation will always be found in a system
or process, so we need to know: 1) when it is occurring; 2) what
type of variation it is. In Lean Six Sigma, variation can be good, or
it can be bad. We must be able to measure variation to determine
whether the type of variation is healthy and to be expected, or unnatural and could jeopardize the quality output of the system.
When a FedEx overnight package is shipped it encounters hundreds
of processes in its quest to reach its destination. Each of those processes contains known and unknown variables called variation that
can assist or derail the package from being received the next day.
What happens if the FedEx driver runs out of gas? Would you consider running of out gas a known or unknown variable? Probably
known, since normally the gas gauge and idiot light would have
alerted the driver regarding the low gas level before the truck ran
out gas.
We can improve the process by ensuring that the driver checks his
gas level before he heads out to make his deliveries. However, what
if for some reason the gas gauge failed? That would be unknown
because a valid gas gauge would be considered a normal and reasonable expectation. A gas gauge failure would be a fluke, an unknown and unforeseeable experience that affected the delivery process. As you can imagine it would take some effort to pin point the
root cause of the problem as a failed gauge, rather than just blaming
the driver.
In managing for quality, it is unknown variation that creates quality
problems, however, once corrected, the process is not improved it
simply brought back to its normal state.
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Chapter 5

TPS and Lean Methodology for
Improvement
Both the Toyota Production System (TPS) and Lean Six Sigma provide
methodologies that we can draw upon in our improvement efforts. In
this chapter we will go over improvement actions that focus on removing
waste from the process which is the focus of Lean. In chapter 7 we will go
over improvement efforts that eliminate defects and variation which is the
Six Sigma side of Lean Six Sigma. As we learned in the chapter 4, TPS was
the precursor to Lean; let’s consider how both these Quality Management
Systems (QMS) relate and attempt to remove waste and Non-Value Added
(NVA) steps in our processes.
First, we should go after the low hanging fruit, or those improvement activities that are the easiest to implement. Often obvious improvement
efforts bring about immediate quantifiable results and drive the process to
move on to more and more complex improvement projects.

TPS and Lean Goals:
•

•

MURA: Eliminate irregularity and non-standardization.
Choose equipment that has interchangeable parts, same
consumables company-wide, similar systems, and processes
company-wide
MUDA: Eliminate wasteful NVA. If a process or activity does
not add value, get rid of it. NVA activities can be defined as
any activity the customer would not be willing to pay for if
they knew about it. Examples of NVA:
• Overproduction: Excess work in progress (WIP), 		
could end up as scrap
• Transportation: Unnecessary moving of goods 		
from one cell to another
• Inventory: Push system of manufacturing; excess
finished goods pile-up, possible scrap
• Processing: Unnecessary paperwork, etc.
• Waiting: Idle time due to inefficient processes
• Correction: Rework
• Motion: Unnecessary physical motion
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•

MURI: A barrier to quality. Consider ways to improve workflow and employee comfort. Simplify work-flow and eliminate
overexertion. Always choose to work smarter than harder.

TPS and Lean Improvement Activities:
•
•

BHAGs: Setting Big Hairy Audacious Goals for improvement
will be the benchmark for assessing the achievement of improvement efforts (set at 40% or higher).
Kaizen Blitz (KB) or Rapid Improvement Event (RIE): Stakeholders in a process (employees, management, and possibly
external customers) meet briefly to observe the process and
brainstorm to come up with low cost improvements that can
be immediately and easily implemented. Examples of questions to ask during a KB are:
• Why do things in that order?
• What NVA low hanging fruit can be immediately co		rected?
• Do you know what the customer needs are?
• What are the Critical to Quality (CTQ) VOC requirements?
• Are the CTQ VOC requirements being met?
• Could your supplier provide better materials?
• Does your supplier know what you need?
• Are there steps or cells that can eliminated?
• Would another tool or equipment be more helpful?
• What can be automated?
• What should our rate of demand be? Kanban size?
• What needs to be done to improve efficiency?
• What employee positions can be adjusted to improve
		efficiency?

Kaizen means continual improvement and blitz which means an intensive concerted effort, are married together in a KB to create an immediate problem solving improvement event. I use KBs at the tail-end of my
weekly production meetings with creatives and production staff as a brainstorming activity for root cause analysis on routine problems that occurred
during the previous week. This small cross-functional team can solve most
procedural problems and act on improvement recommendations to rapidly respond to real-time issues. The KB utilizes Genchi-Genbutsu, a TPS
term, meaning to stop, go to the source of the problem yourself, and solve
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with an informal and immediate action. While you can design your own
KB, here are some recommendations:
1) Have a white board, post-it notes, and time devoted to stakeholder input. Allow 30 minutes to 1 hour for a non-emergency KB.
2) Gather representatives from all the stakeholders involved in the problematic process to formulate a solution or recommend a procedural
change.
3) Brainstorm to define the problem, get required consensus. If you cannot
come up with a 100% consensus in defining the problem or determining the best plan for improvement, try this: for cosmetic or surface level problems go with a 70% consensus or higher; for more complicated
problems do not proceed unless you have at least 90% on board with
the decision. This is how the Internet Engineering Task Force (IETF)
operates, and their charge is to develop many of the Internet’s technical standards, so if works for them it should work for us. (Schumpeter,
Mother of Consensus, The Economist, March 2016).
4) Eliminate Muda, Muri and Mura: Identify the current state, NVA, and
waste that could be causing the problem.
5) Formulate for an ideal state, where the problem no longer exists.
6) Problem solve to create best plan for improvement with input from each
stakeholder: Team members write down their ideas for improvement
on post-it notes, post them on the board, and categorize by common
themes. (Key here is move quickly - see Affinity Diagram on next page.)
7) Agree on the best plan for improvement. Team members vote on their
top choices then vector to formulate one improvement plan. The improvement plan can incorporate more than one improvement suggestion.
8) Create an Standard Operating Procedure (SOP) for the improvement
plan detailing work flow. This can be a new plan or a modification to
an existing plan. This can be done quickly on the white board and developed more formally later.
9) Decide how results, metrics, goals, etc will be measured.
10) Assign tasks to stakeholders for implementing a plan and set a date to
report results and to discuss further improvement efforts. Outcomes
should include a gap analysis (comparing goals to actual performance
and acting on the difference).
The majority of routine problems can be dealt with at this informal level
but it requires that participating stakeholders have first-hand knowledge of
what the problem is and have a stake in the process.
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The KB facilitator’s role is to scale the problem down to a manageable size
that can be solved giving the team’s existing resources within the scope of
influence in the organization. It is important to focus on upstream areas
for improvement (i.e. Flowchart). At this level, participants have the power
to change the process without external approval. If the problem requires
stakeholders outside of your realm of influence, this should be a DMAIC
project rather than a KB.
In a design application I have used the KB model for leading branding
projects (marketing campaigns, logos, etc.) but instead of solving a problem, the intent is to mine creative ideas that express the VOC. Once a
plethora of ideas are identified, an affinity diagram is used to organize by
theme (figure 16). Five of the best ideas are chosen which can be used
as a starting point for designing logo-marks or other branding products.
Often, the most creative and innovative ideas come from non-designers
so do not be afraid to have a cross-functional KB team consisting of your
production and office staff as well as your creative staff.

TPS and Lean Process Design Tools for Improvement:
•

Affinity Diagram: Used in tandem with brainstorming, raw
data is graphically grouped and organized by common themes
and sub headers of themes which are then used to identify
critical to quality inputs and outputs (figure 16).
Figure 16 - The Affinity Diagram

•
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Design for one-piece flow: Start producing one piece at a time
instead of big batches of product.

•
•

•
•

•
•
•
•

•

Employee accountability and empowerment: Employees inspect products as they cycle through a process and make the
call to pull defective products.
Heijunka: Sticking to a uniform cycle time – allot same time
in production
• Line balancing: Cells are managed so that they do not exceed a time set at 20% of TAKT
• TAKT: Maximize net available working hours in a day to
meet customer demand
• Kanban: Use the rate of demand to control the rate of production; produce in batches greater than 1 to reduce constraints/bottlenecks
• Production cell: Efficiently facilitate throughput sequence,
and arrangement of employees and machines
• Push vs. Pull strategy: A push system is when work performed to a schedule or plan is sent to the next process
without regard to demand from that process. A pull system is when work is performed only when the next process has capacity to consume it. Customer demand pulls
products through the process.
Genchi-Genbutsu: Go to the source of the problem yourself.
Jidoka: Automation with a human touch; man/machine acting together to prevent defects.
• Andon: A cell stops production to correct a faulty process; immediate attention is focused on the cell until the
problem is solved.
Just-in-Time (JIT): Complete a step or order supplies only
when absolutely needed; reduces WIP and inventory.
(Personal) Kanban Board (figure 17): A board that organizes,
prioritizes, and illustrates workload and workflow from queue
to finish (Benson).
Kanban Card: A visual alert that indicates the need to reorder
materials.
Mieruka: Visual recognition of information being communicated or tasks performed with the use of color or graphic
imagery (e.g. production employees wear yellow vests, while
shipping employees were red vests).
Poka Yoke: Mistake-proofing a device or process (preventing
defects protects quality). Example: a checksheet or “are you
sure you want to do this?” prompt.
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Figure 17 - The Personal Kanban Board

•
•
•

Shojinka: Flexible workforce; maximize productivity by planning equipment location so that one operator can run two machines; have multi-skilled, cross-trained employees.
Soikufu: Creative workplace thinking; capitalizing on worker’s ideas (the boss cannot see or know everything).
The Five Ss
• Sort: A place for everything and everything is in its place
• Shine: Cleanliness makes workplaces more efficient
• Set in Order: Optimize workplace for maximum
efficiency
• Standardize: Equipment and processes that eliminate NVA
activities
• Sustain: Continuous improvement

Kanban/Constraints
Cycle time is the time required to execute activities in a process. Cycle time
clock starts when work begins on the request and ends when the item is
ready for delivery. Cycle time is a measure of how our process is doing
(VOP).
Lead time is what the customer sees (VOC). The lead time clock starts
when the request is made and ends at delivery. Another way to think about
it: cycle time measures the completion rate; lead time measures the arrival
rate (Ladas).
Cycle time includes actual processing time, movement time, and waiting
time. (See Muda) To be competitive, cycle time needs to be less than lead
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time, otherwise orders must be started on speculation (push system).
Cycle time could be:
•
•
•
•

Customer order to customer delivery
1st operation to shipping
A single step or operation
A group of operations

To measure cycle time:
•

Theoretical Time - the time it takes to produce one single product through the entire process from start to finish.
• Static Cycle Time - the average of the actual cycle times (CT)
• (CT1 + CT2 + CT3 + CT4 + … CTn ) / N
• Little’s Law: An equation for relating Lead Time, Work-in-Process (WIP), and Average Completion Rate (ACR) for any process. Named after the mathematician who proved the theory,
Little’s Law states:

Cycle Time =
Work in Process (WIP) ÷ Throughput
Example: 5 estimates in queue ÷ 10 estimates done each hour = .50
The cycle time for completing an estimate is half an hour. We can expect
that an estimate will remain in our process for no less than half an hour
uncompleted. If we reduced the number of estimates in the queue to 3, our
cycle time for completing an estimate would be reduced to 18 minutes.

Lead Time =
WIP ÷ Average Completion Rate (ACR)
Knowing any two variables in the equation allows the calculation of the
third. Reducing WIP while maintaining the same ACR reduces lead time.
Similarly, improving the process to increase ACR while maintaining the
same WIP also reduces Lead Time. This applies to any process- manufacturing, transactional, service, or design.
If it is difficult to relate WIP to a given process, try using Things in Progress
(TIP) instead.
91

Example: You can design 2 web sites per day (ACR) and there are 15 websites (TIP) in various stages in your workload.
Applying Little’s Law:
Lead Time:
		
		

= TIP ÷ ACR
= 15 websites in progress ÷ 2 websites completed per day
= 7.5 days for customer to get a completed website

Therefore, without changing the process or priorities – or
accounting for variation – a customer can expect a new website design
to be completed in 7.5 days.
What if customer A wanted a website designed in just 4 days? Could you
do it within the TIP and ACR parameters stated above? You could rush
the job through and complete it in 4 standard working days, but you would
have to bypass other website projects currently in the works, and that may
make those customers unhappy. You could work overtime and complete
the rush website project outside of the standard working day in order to
meet the deadline. Or, better yet, you could reduce the websites in progress through improvement efforts to just 7 TIP and keep the same ACR,
which would reduce the lead time to 3.5 days, satisfying the lead time for
customer A and adding value to your other customers by reducing their
lead times by over 50%!
One of the best ways to obtain a competitive advantage is to provide audacious turnaround times.* In order to reduce lead time you have to reduce
cycle time, remember that:

Cycle time ≤ Lead time
Since cycle and lead time are both adversely affected by WIP and TIP, we
ought to reduce or eliminate them in our processes. This will reduce lead
times without changing our throughput or ACR. You can spot WIP and
TIP as unfinished work in your workflow.
TPS and Lean reduce WIP by employing these concepts:
* As of 2019, Amazon could theoretically provide one hour delivery for most of its commodity products if
not for shipping constraints. As a way to reduce delivery cycle time, Amazon offered its employees $10,000
to quit the company to form new delivery service start-ups.
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•
•
•
•
•
•
•

Pull System
Work Cells
TAKT Time
Line Balancing
Kanban or Batch Processing
Theory of Constraints (TOC)
Sequence Rules

Pull System
The flow of resources in a production process replaces only what has been
consumed.

Work Cell
A logical and productive grouping of machinery, tooling, and personnel
which produces a family of similar products. Each cell has a leader who
manages the work flow and is responsible for maintaining optimal quality
and productivity.

TAKT Time:
German for pace or rhythm, TAKT tells us how much we must produce
to meet customer demand. We cannot expect full production during each
shift. Breaks, training, and other daily activities eat into actual production
time. TAKT aims to match the pace of production with customer lead time
(VOC) and net work time available. TAKT calculates the heartbeat of the
process by dividing net operating time available by the number of units to
process.

TAKT Time =
VOP ÷ VOC
Total Net Time Available ÷ Customer Lead
Time
Example: You have one 8-hour shift for your Canon 8000 . The Canon
8000 production employee takes a 60-minute lunch with two 15-minute
breaks per shift. Your customer wants 25,000 full color posters printed and
ready for pickup in one day. Is this possible?
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Total Net Available Time = one 8 hour shift =
480 minutes minus 60 minutes for lunch minus 30 minutes for breaks = 390
minutes
390 minutes x 60 seconds = 23,400 seconds of net time in one 8 hour shift
Customer Lead Time = Customer wants 25,000 posters produced in one day

TAKT Time =
Total Net Time Available ÷
Customer Lead Time=
23,400 ÷ 25,000 = .94
Without modifying the shift for the Canon 8000, the process needs to
produce one poster per second to meet the demand of the VOC
Measure TAKT prior to DMAIC improvement projects and then after improvements have been implemented. As with yield, throughput should be
significantly increased after improvements have been made to the process.

Line Balancing:
A work cell that goes over the TAKT Time is considered a “time trap” or
constraint- meaning the problematic cell does not have enough net resource
capacity to meet lead time. In line balancing we are improving work cells
by eliminating cycle time waste activities so that the production time in
Figure 18 - Cycle Time Killers
Waste Types

One process producing more than necessary, earlier and
faster than required by the next process

Transportation

Any movement that does not add value to the product

Inventory

Maintaining excess inventory

Processing

Doing more than necessary

Waiting
Correction
Motion
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Description

Overproduction

Operator or machine idle time
All changes or repairs required to bring product into
conformance
Any wasted motion to pickup parts

each cell does not exceed 80% of TAKT (figure 18). This “buffer” allows for
variation and work stoppages for defect prevention in the process.

Hours

Say you have six production cells in one shift. Your total available time is
30 hours (each worker has 5 hours production time) and the customer lead
time is 20 finished products in one day which gives you a TAKT time of 1.5
which means your shift will have to produce one finished product every
1.5 hours. To create a production buffer to accommodate for production
issues that will invariably occur during the shift, we use 80% of the TAKT
time which is 1.2 hours. To meet the VOC of 20 finished products, a production cell in a linear configuration cannot exceed 1.2 hours. If it does,
then the cell is a time trap or is the constraint. As we can see in figure 18,
cell 3 is taking over three hours to complete its production task.
Figure 19 - Process Not Line Balanced

Production Cells
Figure 19- Before line balancing, the process has underutilized cells and
cells that are taking too much time. Time for cell 3 is more than double
that of the other 6 cells. We cannot meet the VOC lead time until we reduce cell 3’s cycle time to less than 1.2 hours for the production of one unit.
Figure 20- After line balancing: the production time of cell 3 has been reduced from 3.25 hours to just under the 20% TAKT of 1.2 hours. In addition, underutilized resources (cells 1, 4 and 5) were combined to maximize
efficiency and to keep each cell functioning at the same relative rate of production. Cell 6’s task was eliminated altogether by automation.
In a production system that has been line balanced, one cell is not waiting
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on the other to receive the product. The process was line balanced by moving excess work to underutilized cells and maximizing resources through
automation redesigning the process to reduce cycle time.

Hours

Figure 20 - Process Line Balanced

Production Cells

Kanban:
A Japanese term that means “signal.” It is one of the primary tools of the
JIT system. It signals a cycle of replenishment for production and materials. It maintains an orderly and efficient flow of materials throughout the
entire manufacturing process. It is usually a printed card that contains
specific information such as part name, description, quantity, etc. The
term is also used to designate the most efficient “batch” of work proceeding
through the process. For instance it may be most efficient to produce work
in batches of three in order to reduce WIP.

Theory of Constraints (TOC):
The Theory of Constraints (TOC) is a problem-solving methodology that
focuses on the weakest link in a chain of processes. The throughput of the
entire process is determined by the throughput of the constraint which is
usually the slowest process. The only way to increase throughput of the
process is to increase throughput at the constraint (figure 21). To speed up
the process, we need to:
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•
•

Manage the constraint
Manage the WIP at the constraint

•

Simplify the process at the constraint

The TOC improves throughput by managing the weakest link (constraint)
in the process. The TOC lists five steps in system improvement (Kubiak
and Benlow):
•
•
•
•

•

Identify: Find the process that limits the effectiveness of the
system. If throughput is the concern, the constraint will often
have work-in-process (WIP) awaiting action.
Exploit: Use Kaizen Blitz or other methods to improve the rate
of the constraint.
Adjust: Adjust the rates of other processes in the chain to
match that of the constraining process.
Revise: If the system rate needs further improvement, the
constraining process may require extensive revision. This
could mean investment in additional staffing, equipment or
new technology.
Repeat: If these steps have improved the process to the point
where the constraint that is being fixed is no longer the constraint; repeat these steps with a new constraint.
Figure 21 - Theory of Constraints (TOC)

Cell A

Kanban

Cell B

K=?

Reasons for Kanbans or producing in batches greater than 1:
•
•
•
•
•
•

Throughput and cycle time of A and B are not equal
Process A is unstable
Process B is the constraint / bottleneck
Setups or maintenance occur at different times and take different lengths of time
Process lot sizes are different
Transportation time between A and B is variable

A good illustration for how TOC is implemented in systems, is the slow ant
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analogy, which is a modification of the Drum-Buffer- Rope subordinate
step analogy (Kubiak and Benbow).
Figure 22- Slow Ant No Buffer Spider Web Analogy

A
B

C

D

F
E
In figure 22, six ants are traveling on a branch. Ant A, being the fastest,
while ant E is the slowest. The branch represents raw materials and the ants
represent various production cells that each have a part in assembling or
completing a finished product.
This is a linear assembly production process where cells are dependent on
preceding cells to provide them WIP so they can complete their process
task. In this analogy the ants cannot pass eachother; each ant must wait on
its forward-position comrade to complete its task before they can complete
theirs, since ant E is the slowest, ant F will be waiting until ant E completes
its task. The process starts when ant A steps onto the branch and ends
when ant F steps off the branch. Lead time is the distance from ant A to
ant F so when ant A pulls further ahead from ant E the lead time increases.
The system constraint (bottleneck) is the slowest ant (E). Since the branch
process cannot be completed faster than the time it takes ant E to travel the
entire branch, ant E sets the pace of the entire process rather than ant A.
In order to reduce the distance from ant A to ant E we can use a buffer to
signal ant A to stop and wait for ant E to catch up.
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Figure 23 - Slow Ant With Buffer Spider Web Analogy

A
B

C

D

F
E
In order to manage the constraint (ant E) the ants decide to attach a spider
web rope (buffer) from ant A to ant E (figure 23). If ant A pulls too far
ahead of ant E, the line becomes taut signaling ant A to stop and wait until
the line becomes slack again to proceed. By using the buffer (spider rope),
the maximum lead time and WIP is fixed (Kubiak and Benbow).
If ant F hits an occasional knot on the branch it will slow it down a bit
but it will eventually catch up to ant E because it is not the slowest ant. If
ant D hits an occasional knot the process does not have to stop unless ant
E catches up with it. The knot is an analogy to minor process problems
that can occur in production cells. As long as the presence of knots are
occasional, the process remains stable; if they become too frequent it will
adversely affect the process increasing lead times and WIP.
The TOC utilizes the buffer to slow down the process to the speed of the
slowest process step or cell. By doing so it avoids long lead times and limits the amount of WIP, as long as the process remains stable. (Kubiak and
Benbow)
As constraints are removed, throughput increases and inventory and operating expenses go down. Inversely, as throughput decreases, inventory and
operating expenses go up (figure 24).
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Figure 24 - Interdependence of Throughput, Inventory and Operating Expense

Sequencing Rules
Sequencing Rules specify the order in which jobs should be performed at
work centers in the most efficient matter possible.
Priority rules are used to dispatch or sequence jobs:
•
•
•
•
•

First In, First Out – FIFO
Last In, First Out – LIFO
Shortest Processing Time – SPT
Earliest Due Date – EDD
Longest Processing Time – LPT

You will need to determine:
•
•
•

Processing time required for each job
Job due date
Build the table according to each sequence rule

In the following tables the data remains the same for each sequence type:
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Job Name

Processing Time
(Days)

Due Date

A
B
C
D
E

5

7

1

3

7

7

4

6

3

8

Determine flow time by the adding processing time to each successive processing time and lateness by subtracting flow time by due date (if negative
# then lateness is 0):
Sequence

Processing
Time

Flow
Time

A

5

5

B

+1

Job Due

Lateness

7

0

FIFO

C

=

6

_

3

=

3

7

13

7

D

4

17

6

11

6

E

3

20

8

12

TOTAL

20

61

31

32

FIFO

ACR =
12.2

AJS=
3.05

AJL=
6.4

Formulas for computing best Sequence Rules (note-time is in days for all
formulas):

Average Completion Rate in Days (ACR) =
∑ of Total Flow Time ÷ # of Jobs
In the above formula, flow time is the cumulative time it takes to do all the
work in the queue from start to finish.

Average # of Jobs in the System (AJS) =
∑ of Total Flow Time ÷ ∑ of Processing
Time

In the above formula, processing time is how long it takes you to do one
job; the sum is total work time.
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Average Job Lateness (AJL) =
∑ of Late Jobs ÷ # of Jobs
In the above formula, lateness is flow time minus job due date.
FIFO ACR : 61 ÷ 5 = 12.2
FIFO AJS : 61 ÷ 20 = 3.05
FIFO AJL : 32 ÷ 5 = 6.4
Results of FIFO formulas are in the bottom row in the table on the previous page.
Now, compile the data and metrics for the rest of the job sequence types.
Note that processing time and job due dates remain the same for all sequence types, while job sequence changes per sequence type:
Sequence

Processing
Time

Flow
Time

Job Due

Lateness

E

3

3

8

0

D

4

7

6

1

C

7

14

7

7

B

1

15

3

12

A

5

20

7

13

TOTAL

20

59

31

33

LIFO

ACR =
11.8

AJS=
2.95

AJL=
6.6

Sequence

Processing
Time

Flow
Time

Job Due

Lateness

B

1

1

3

0

E

3

4

8

0

D

4

8

6

2

A

5

13

7

6

C

7

20

7

13

TOTAL

20

46

31

21

SPT

ACR =
9.2

AJS=
2.30

AJL=
4.2

LIFO

SPT
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Sequence

Processing
Time

Flow
Time

Job Due

Lateness

EDD
B

1

1

3

0

D

4

5

6

0

A

5

10

7

3

C

7

17

7

10

E

3

20

8

12

TOTAL

20

53

31

25

EDD

ACR =
10.6

AJS=
2.65

AJL=
5

Sequence

Processing
Time

Flow
Time

Job Due

Lateness

C

7

7

7

0

LPT
A

5

12

7

0

D

4

16

6

10

E

3

19

8

11

B

1

20

3

17

TOTAL

20

74

31

38

LPT

ACR =
14.8

AJS=
3.7

AJL=
7.6

Figure 25 - Results of Sequencing Data
Sequence

ACR

AJS

AJL

FIFO

12.2

3.05

6.4

LIFO

11.8

2.95

6.6

SPT

9.2

2.30

4.2

EDD

10.6

2.65

5

LPT

14.8

3.7

7.6

For workflow in figure 25, the best Sequence is Shortest Processing Time
(SPT). This means we would prioritize jobs by the time it takes to complete, starting with the quickest jobs then on to more time consuming jobs.
SPT has the lowest Average Completion Rate (ACR), Average Job in System
(AJS) and Average Job Lateness (AJL) of all the above scenarios. A low AJS
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means there is less WIP therefore a reduced cycle time (according to Little’s
Law). Since late product delivery is in non-conformance to the VOC, the
AJL is the most important metric in examining Sequence Rules.

Case Study: The Andon and RIE
TPS utilizes Jidoka in the production line with the Andon Cord.
(Andon means “lamp” in Japanese.) The cord is pulled by employees when quality or safety problems are encountered at an employee’s production cell. When the cord is first pulled it sounds
an alarm, slows the assembly line down, and displays a yellow light
above the problematic production cell. If pulled twice, an alarm is
sounded, the line stops completely, and a red light is displayed.
Production management goes to the problematic cell after the cord
is first pulled and discusses the problem with the employee (Genchi
Genbustu). If the problem cannot be solved between the two, then
other stakeholders are called to an impromptu KB or a RIE and the
problem is defined and solved at the spot. A KB or RIE is utilized
to solve real-time problems that occur daily or are over and above
day-to-day operations.
Green
Yellow

Red

Production is normal or
smooth
Problem appeared, cord
is pulled once

Proceed to next level

Operator asks for help
from supervisor to fix the
problem
Production Stopped, cord When problem is not
is pulled twice
identified and needs
further investigation

The Andon Cord is pulled up to 5,000 times a day in a typical TPS
production line. TPS operates on the premise that quality over
quantity is it better (and cheaper!) so it makes more sense to solve
quality problems as they arise rather than pass defects down to the
next cell. While empowering employees to interupt production and
request assistance from highly responsive and approachable managers is modus operandi to TPS, sadly these are foreign concepts to
most American companies.
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TPS employees are required to do three things: come to work each
day, perform their function, and pull the cord when there’s a problem.
Figure 26 - Andon light on a production printer signaling a problem to the
operator that needs to be addressed
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Case Study: Poka Yoke - Mistake-Proofing
The basic ideas behind Mistake-Proofing, also known by the Japanese name Poka Yoke (POH‐kuh YOH‐kay), were developed by
Shigeo Shingo, a management consultant in Japan. Shingo’s ideas
were controversial, partly because he proposed a method whereby
“inspection” (the word he chose) becomes an integral part of every
step in a process, as opposed to being assigned to a separate responsibility to an individual/cell/department. The heart of MistakeProofing is simply to pay careful attention to every activity in the
process allowing for checks and problem prevention at every step.
Mistake‐proofing can be used to:
•
•

Fine‐tune improvements and process designs from DMAIC projects. How can those rare, most challenging errors be
avoided or managed?
Gather data from processes approaching Six Sigma performance. (The more “perfect” a process is, the harder it can be
to measure.)

Some common types of Mistake‐Proofing measures include:
•
•

Jidoka ‐ Automation with the human touch
• Problem prevention
Mieruka ‐ visual control
• Color and shape‐coding of materials and documents
• Distinctive shapes of such key items as legal documents
• Symbols and icons to identify easily confused items
• Computerized checklists, clear forms, up‐to‐date procedures, and good simple work flows will help to prevent
errors from becoming defects in the hands of customers

Mistake‐Proofing “Do’s and Don’ts:
Do’s:
• Try to imagine all conceivable errors that can be made.
• Use all of your creative powers to brainstorm clever ways to
detect and correct errors as part of the work process itself.
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Don’ts
• Fall into the “to err is human” mindset, thinking that “to get
things right most of the time” is acceptable. Find out how your
employees are self‐correcting problems that can’t be prevented
upstream, and share best practices.
• Rely on people to catch their own errors all the time.
Figure 27 - Poka-Yoke in Photoshop

Figure 28 - Poka-Yoke in the Bathroom
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Chapter 6

CTQ-VOC & CTP-VOP
In chapter 3, the proposed formula defined quality:

Quality = VOP + Variation
Quality equals the successful completion of the voice of the process and
controlling variation. Lean Six Sigma defines quality as being in conformance to the VOC, so if quality is the same as the voice of the customer the
formula can be expressed as:

VOC = VOP + Variation
The VOP is where our control lies - all the processes, steps and things we do
to make a product or perform a service for the customer. Known and unknown factors that can effect the process are considered variation, namely common cause and special cause variation (figure 13). If special cause
variation is present, we will be struggling with process stability which will
adversely affect our ability to satisfy the VOC.

Breakthrough Formula
The concept of “breakthrough” as a means of raising quality performance
to unprecedented levels is derived from Juran’s Quality Trilogy/Quality Improvement. A typical Lean Six Sigma breakthrough improvement project
sets goals (BHAGs) for cost savings or increased revenue of over 40%. As a
tool, the breakthrough formula can be used to identify CTP and variation
that has occurred in the process. The functions and inputs are listed in the
form of actions; variation occurring in X inputs are listed in the form of
conditions. The Breakthrough Formula:

Y = f(X) + ∑
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The breakthrough formula, Y=f(X) + ∑, is used in Lean Six Sigma to identify the most important functions required to satisfy the VOC. Y is the VOC
(output) of the process which is usually a singular CTQ VOC requirement
(e.g., the painless experience of ordering business cards on-line). What is
required to achieve Y is a multitude of VOP inputs (X), with a function (f)
for each input. The output (or the VOC) is dependent on the VOP inputs:
what we choose to do and how well we perform have a direct result on
the outcome (Y) of the process. To acknowledge variation that can occur
within the inputs the Greek capital Sigma (∑) is used. By breaking down
the process into a mathematical expression, we can identify the few vital
inputs (CTP) and their functions as well as spikes of variation that have the
greatest effect on the outcome of the process. Figure 29 lists some of the
cause and effect relationships of the VOC (Y) and the VOP (X) and their
appropriate designations.
Figure 29 - VOC and VOP Variables

Y

X

Output

Input

VOC

VOP

Dependent

Independent

Capability

Stability

Specification Limits

Control Limits

Lead Time

Cycle Time

Critical to Quality (CTQ)

Critical to Process (CTP)

While the breakthrough formula does not yield a numerical answer for the
VOC, it does provide a pass/fail binary response. If we did what we said we
would do and managed variation appropriately then we would have passed
the muster of the VOC. If we failed in doing what we said we were going
to do or failed in managing variation then we failed in meeting the needs
of the VOC.
The target cost savings or revenue enhancement for a Lean Six Sigma level improvement/opportunity project is often set at $250,000. This is why
organizations who have knowledge of the value of Lean Six Sigma seek
people that have the competency and necessary certification to lead these
high-level projects.
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Figure 30 - Breakthrough Formula
Y (Outputs – CTQ VOC)
Ease of ordering business
cards on-line

f – (function of X)

X – Inputs

•Maintain server equipment
and virus software
•Keep up w/ payments to ISP
•Electrical backup equipment
installed

Ability to access ordering site

∑ - variation occurring in x
•Server fails without warning
•Undetected virus takes out
server or ISP’s server
•Run out of fuel for generator
or generator fails when power
is out

•Good web design practices
•Maintain and update website
regularly
•Website optimized for mobile and most browsers

Sensible web navigation to
order site

•Incorrect or confusing
information posted
•Responsiveness of employees
in addressing web issues
•How employees feel that day
•Browser or mobile used by
customer

•Choice of web submission
software: WSS
•Up-to-date programming
•Pull down menus
•Well-written instructions
•Pop-up help sections

Understandable order form

•Necessary updates from WSS
vendor late or unavailable
•Technologically-challenged
customer.

•Reliable and effective suppliers of consumables
•Skill of programmer and
quality of WSS
•Equipment able to handle
variety of stock weights and
styles

Good choice of paper, ink,
and template selections

•Consumable shortage or
conformance issues with
suppliers
•Skill level of WSS vendor
employees

•PDF converter module
in WSS
•Effective and clean template
images
•System not crashing
•Pop-up blockers disabled
•Template viewable by mobile
Apps
•Mistake-proofing devices
engaged
•Typos

PDF proof

•Outdated PDF converter
•Server crash
•Customer has not disabled
pop-up blocker
•Screen size of customer’s
mobile device

•Programming of WSS
•Accept or deny PDF proof
•Instant go-back button (prior
information is still populated
but editable)

Ability to make corrections

•Server failure
•Browser or mobile device
App failures

•Cycle time < Lead time
•Production optimized
•Staff/equipment allocated to
accommodate rush work

Rush orders accepted

•Shift underutilized due to
employees calling in sick
•Equipment breaking down
•Ability of shipping vendor to
deliver product on time

Real time quotes for all major
shipping vendors

Multiple delivery options

Condition of shipping
vendors, MIS, and submission
systems

Links to tracking data emailed
to customer after submission
•PDF proof displayed once
more
•Mistake-proofing queues
(are you sure you want to
submit?)
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Ability of shipping vendor to
deliver product on time
Confirmation of order

•Server failure
•Customer contact information erroneously entered
•Disruption of signal while
submitting

Continued on next page

Y (Outputs – CTQ VOC)
Ease of ordering business
cards online

f – (function of X)

X – Inputs

•Customer job specifications
and PDFs archived to server
Server maintained and backed
up by employees.

Reorder information fully
populated

∑ - variation occurring in x
•Catastrophic server failure
wipes out archived jobs
•Actions inadvertently delete
archived information
•Day-to-day awareness of
employees who maintain
servers

Breakthrough Remedy Worksheet
The breakthrough remedy worksheet documents success or failure of
the inputs in meeting the outputs requirements (figure 31). It gives
the DMAIC team “native knowledge” (important documentation from
employees who are directly involved in the process). The remedy field
gives employees opportunities to suggest improvements which the
team could utilize throughout the DMAIC phases
Figure 31 - Breakthrough Remedy Worksheet
Output (Y)

f(X) + ∑ Highlights

Ease of
ordering
business
cards online

•On 8/12/19 there were 35
business card orders submitted.
•Of the 35 orders, 11 of the PDFs
had to be reworked (new PDF
proof issued as well as confirmation of information supplied by
customer).

Pass/Fail
Fail

Conclusions

Remedy

The 11 orders that
had to
be reworked by prepress
all occurred between
12-1:40pm. Server was
rebooted at 1:33. PDF
templates reloaded after
problem was detected
by prepress. After
rebooting and reloading
the templates there were
no more problem files.

Need to develop check
sheet for actions to take if
this occurs again. Problem
could have several root
causes. Next time perform
just one action to locate
root cause. Check with
IT on server status at time
of problem. Regarding
the problem PDFs, verify
with customer as to what
browser/mobile App they
are using and report to IT.

Critical To Quality - CTQ
As a Lean Six Sigma tool, the breakthrough formula allows us to define the
non-negotiable, must-have, Critical to Quality (CTQ) requirements of the
VOC and the Critical to Process (CTP) of the VOP.
•

CTQ-VOC: What the customer absolutely must have in order
for the product/service to be in conformance. These are key
process outputs (Y) in the breakthrough formula which are
critical requirements to meet conformance as set forth by the
VOC; (measurable) i.e. specification limits and width
111

•

CTP-VOP: What you absolutely must do right every time for
the product/service to be in conformance. These are the key
process inputs (X) in the breakthrough formula; if not performed will not satisfy the VOC.
Figure 32 – The Plethora of the VOC

CTQ distinguishes “must have” from would be “nice to have”. To locate the
CTQ and CTP we need to identify them amidst an myriad of competing
perceived requirements. Think of all the requirements a customer may
have for their web design - what we need to do is to filter “must have” from
would be “nice to have” (figure 32).

Collecting the VOC
Since Lean Six Sigma defines quality by the VOC it is imperative that we
know what the customers require for the product or service to be in conformance. Effective VOC gathering devices are:
•
•

•
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•

Interviews: Develop clear, thorough understanding of customer needs and how customer uses the product or service.
Point-of-use observations: Visit the customer’s workplace or
observe point of contact between customer and your product/
service.
• Use to confirm survey results
Focus groups: Group of customers gather to test concepts and
provide interacting feedback (better than surveys).
Surveys: Confirm or quantify theories developed after cus-

tomer contact
• Good for gathering quantitative information
What a customer wants may be different than what they need. How much
information do we need to know about the customer?
We need to know:
•
•

•

What the customer expects
• Expectations, if not met = dissatisfaction/non-conformance (reputation damaged; loss of customers)
What delights the customer?
• Satisfaction that exceeds expectations
• Customer loyalty
• Need to know what, not why
What can be reduced or eliminated?
• What is not adding value to the process?
• What reduction/elimination would improve the process?
• What reduction/elimination would reduce cycle time?

The importance of understanding and responding to the VOC cannot be
overstated. We do not need to know why our customers want something
we just need to know what they need so we can provide it for them. Case
in point, Florida Walmart executives observed that coastal stores sold out
of Pop-Tarts© before a hurricane approached landfall. We could hypothesize that fear stricken Floridians craved the sweet toaster pastry as a means
to comfort themselves in a crisis, but in reality it would be an exercise in
futility to undergo an investigation as to why people wanted Pop-Tarts©.
What Walmart management needs to know is that they must stock a LOT
of Pop-Tarts© when a forecast includes a hurricane.

Kano Analysis – Wikipedia
Developed in the 1980s by Japanese Engineer Noriaki Kano (1940- present), the Kano model is a theory for product development and customer
satisfaction which classifies customer preferences into five categories:
1. Must-have Quality
• Requirements that customers expect and are taken for granted.
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• When satisfied, customers are simply neutral; when not met, customers are very dissatisfied.
2. One - Dimensional Quality
• Attributes resulting in satisfaction when fulfilled and dissatisfaction when not fulfilled.
• Attributes for which companies compete.
3. Attractive Quality
• Attributes that provide satisfaction when fully achieved, but do not
cause dissatisfaction when not achieved.
• Attributes that are not normally expected.
4. Indifferent Quality
• Attributes that are neither good (customer satisfaction) nor bad;
(customer dissatisfaction).
• Attributes that can be reduced or eliminated.
5. Reverse Quality
• These attributes refer to a high degree of achievement resulting in
dissatisfaction since not all customers are alike. Example: some
customers prefer high-tech products while others prefer the basic
model of a product and will be dissatisfied if a product has too
many extra features.
You cannot identify all customer needs through any single gathering method; you will need to identify known or presumed customer needs/requirements. The Kano Analysis ranks the importance of customer needs and
satisfaction regarding how those products or service needs were met.
The result is weighted data that evaluates the gaps between Must-Be Quality, One Dimensional Quality, and the customer’s satisfaction with those
categories. This helps define the CTQ VOC and identifies Attractive and
Indifferent categories, which we may be able to reduce or eliminate.
If your survey results reveal that an X attribute of product A was ranked
extremely important by the customer but also ranked low on their level of
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satisfaction, the negative gap would be a priority for the improvement team
to focus on (figure 33). If the same survey results show that a Y attribute
of product A has a low ranking in importance yet produced a neutral or
favorable satisfaction rating, it would produce a neutral gap analysis. In
this case, the improvement team could consider reducing or eliminating
the Y attribute. Data that runs high in importance and high in satisfaction
reflects what the organization is excelling in (figure 34).

VOC Satisfaction

Figure 33 – The Kano Analysis With DMAIC Phase and Strategy

GAP

VOC Importance

When developing a VOC survey, ask the customer to assess each potential
need:
•
•

How would they feel if the need was addressed? (positive)
How would they feel if the need was not addressed? (negative)

The customer has five choices per question on the survey:
1) I’d like it
2) I expect it
3) I don’t care
4) It would be ok
5) I would dislike it
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Figure 34 – The Kano Analysis Example

House of Quality - Identifying the CTQ VOC
The House of Quality (HOQ-figure 35) is a relationship matrix technique
used to systematically translate a customer’s requirements/needs into operational requirements. Ranking and comparing the strength of the relationship of the inputs to the output effectively translates the VOC into
product or service characteristics. Use the HOQ to flush out the critical to
quality (CTQ) VOC requirements in the define phase.
The bottom right box measures the strength of the relationship of the VOC
requirements to the VOP design requirements. The HOQ matrix numerically ranks the CTQ to the CTP with the largest numbers being the CTQVOC. The top right “roof ” measures the strength of the relationship between CTP requirements. Use the HOQ when you have a plethora of VOC
ouputs and VOP inputs and need to identify the CTQ VOC and CTP VOP.

Sampling Basics - Collecting the VOC and VOP
Why we need to collect data:
• For problem solving
• Reveal or verify that a problem exists
• Analyze a problem or opportunity
• Quantify the size of a problem opportunity
• Prevent a problem
• Verify a customer inquiry to a problem
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Figure 35 – House of Quality (HOQ)

The roof of the HOQ ranks the strength of the correlation of the VOP
requirements. In this example the correlation between colorfast inks
and run ability is medium. To find the correlation follow the lines of
each VOP until it intersects with another VOP.

Why we need to collect data:
• For strategic and analytical purposes
• Define the VOC
• Measure VOP productivity
• Find the signal from the noise
What are the sampling basics?
•

Sampling plan, frequency (sample size should be appropriate
and significant to what is being studied)
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•
•

Measuring devices must be selected appropriately and calibrated on schedule (Gauge Verification)
Operators should be trained and care taken to avoid sampling
bias that can affect the validity of the study:
• Exclusion bias excludes particular groups from the sample.
• Interaction bias occurs when there is a third variable that
interacts with the output and input variable.
• Perception bias the tendency not to notice (and more
quickly forget) stimuli that cause emotional discomfort
and contradict our prior beliefs/assumptions.
• Operational bias occurs when we apply our own interpretation of what makes something operational (what really
makes a good pastrami sandwich?).
• Non-response bias occurs when individuals chosen for the
sample are unwilling or unable to participate in the survey.
• Estimation bias is the difference between the estimator’s
expected value and the true value of the parameter being
estimated.

Manual data collection is usually done through check sheets or data
spreadsheets (Excel). Effective manual data collection should be a mandatory part of the employee’s daily workload. For example, customer service
staff is instructed to manually record every retail transaction by date and
time of day through an Excel spreadsheet. Staff also inputs the amount of
time spent on each transaction which produces an output/input productivity metric for each transaction. Management can use the data gathered
to determine staffing levels by date and time of day as well as track the
productivity of each employee or services offered.
Benefits to manual data collection:
• Quick to implement and modify
• Usually economical- just needs paper or a computer
Downsides to manual data collection:
• Highly susceptible to operational and exclusion bias
Automated data collection uses computerized techniques usually without
human involvement. The Heidelberg CD74 in the Cal Poly offset lab has
an automated spectrophotometer that reads the SIDs on the press pull and
interacts with the presses computer to adjust for ink and water levels based
on the readings.
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Benefits to automated data collection:
•
•

Does not relying on human effort to collect data
Cognitive, heuristic, and sampling biases do not apply

Downsides to automated data collection:
•
•
•

Can be capital-intense; expensive to purchase and maintain
Data only as good as integrity of measuring device (see Gauge
Verification)
Can be susceptible to the Irony of Automation (the more reliable
the system and the less human operators have to do, the less they
pay attention to the system while it’s in operation).

Steps for data collection for problem solving:
•
•
•
•
•
•

Go to the source of the problem
See the problem (process) in action
Talk to those involved in the problem
Develop accurate data collection plan/process
Collect data on the problem
Analyze the data and the problem

Subgrouping:
•
•

•
•

Taking frequent measurements; sub-group to simplify
Sub-group must be homogeneous
• Same operator, same machine, time interval, unbiased,
random
• Subgroup sample size should be the same
How often is the system (process) is expected to change?
• Plan for consistency for sub-group sampling
Uses variable data to be analyzed for piece-to-piece and within- piece variation

Subgroup size rules:
•
•
•
•

Larger subgroup size is more sensitive to small variations
Subgroup size should always be above 3
Subgroup sizes greater than 10 should not be used with R-chart
Generally, subgroups of 4 to 10 should be used
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Sampling methods ranked from worse to best:
5. Judgment - Worst
• Choosing a sample based on someone’s knowledge of the
process
• Assumes that the knowledge will be representative of the
sample
• Judgment guarantees a bias and should be avoided
4. Convenience - Next to Worst
• Sampling the items that are easiest to measure or at times
the most convenient
• I.e. surveying just your friends
3. 100% Inspection - Bad
• 100% Inspection is NOT a statistical process
• For most applications 100% inspection is unrealistic
• What is the cost of 100% inspection?
2. Random - Good
• Best method for population situations
• Population refers to an existing set of items that will not
change
• Number table or random function tells you which items
from the population to select
• Random sample taken from a lot and tested—results of the
sample determine whether to accept or reject the lot
• Used to judge batches or lots without performing 100% inspection
1. Systematic - Best Practice
• Most practical and unbiased in a process situation
• A process is a set of items that is continually changing
(e.g. GRC product and service processes)
• Systematic means that we select every nth unit
• Risk of bias comes when the selection of the sample
matches a pattern in the process
Rule-of-Thumb for Systematic Sampling:
•
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Sampling must be frequent enough to be able to adjust process

•
•
•

Sampling should not be so frequent that it unduly interferes
with process
Higher cost items should generally be inspected more frequently (unless the testing is destructive)
Sampling based on production run length (figure 36)

Degrees of Variability in Measuring Samples
We must have extremely low degrees of variability in sampling or data
collection in the following:
•

Accuracy: The degree of variation in the measurement of a given
device and the actual values of the part/sample measured.
Figure 36 – Systematic Sampling for Print Production

•

•
•

Run length

Sampling Frequency

< 5000

Every 2%

5,000 - 100,000

Every 1%

100,000+

Every 0.5%

Precision: The degree of variation in the measurement of a given
device when measuring the same part/sample repeatedly.
• In colorimetric measurements, a spectrophotometer can vary
as much as .5 per reading= ∆E 2 targets becomes ∆E 1.5 (-25%).
Reproducibility: The degree of variation when different operators
measure different parts/samples using the same device.
Repeatability: The degree of variation of one operator measuring
the same part/sample with the same device repeatedly.

Gauge Verification Simplified – Brussee
To assure that we can rely on our measuring device (gauge), in Lean Six
Sigma we perform the Gauge Verification that tests a gauge’s ability to be repeatable, reproducible, and accurate. A gauge (measuring device) should
not “use up” more than 30% of the allowable tolerance (ideally ≤10% maximum gauge error).
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How to perform a Gauge Verification:
•

•
•

Requires one master sample (SR*) that is closest to the center of
the VOC target
• E.g. – a signed-off press sheet from a press check measured by
a validated gauge
Have three operators measure the master seven times each
• 3 x 7 = 21 readings
Calculate Xbar and σ of all 21 readings

Formula for Gauge Verification

% of Gauge Error =
[5σ+ 2(SR* - Xbar) ÷ (USL - LSL)] x 100
Example: Gauge Verification for Xrite Spectrophotometer for Yellow SID
process – 7 readings from 3 different operators
•
•
•
•

*SR = Standardized Reading from master = 1.0004
VOC Target = USL 1.0050 minus LSL .9960 = .009
Xbar (or double Xbar) of 21 readings = 1.000343
σ of 21 reading = .000426

[5(.000426) + 2(1.0004-1.000343) ÷ .009] x
100 = 24.4%
24.4% < 30% Gauge is acceptable
Total Quality Tool
Measuring the VOP Via The Control/Process Behavior Chart
The control (process behavior) chart is one of several Statistical Quality
Control (SQC) tools used in Lean Six Sigma that measures the VOP. Control charts are used to measure variation in a process by examining data
over a period to determine if the VOP is statistically stable. There are control charts to locate attribute and variable defects. The Xbar/R chart is the
most popular to filter variable (measurable) defects that may occur in a
process over time. Two charts in one, this chart measures variation in the
overall process (Xbar) as well as variation per sample (R) and, if interpreted together, indicates if there are special cause variations in the process.
122

Donald Wheeler describes the control chart as the beginning of knowledge
as you will begin to ask the right questions. The control chart allows a team
to compare performance before and after implementation of a solution to
measure its impact.
Control charts:
• Focus attention on truly vital changes in the process
• Show upper and lower control limits and possibly upper and lower
warning limits
In figure 37, the Xbar/R chart measures the stability of the cyan process
in a CMYK press run (there would be a Xbar/R chart for each of the four
colors). The press run was for 25,000 and the sample rate was 25 sheets
with four subgroups of four Solid Ink Densities (SIDs) per sheet for a total
of 100 points of data. The sheets were pulled consecutively from the same
operator/shift on the same press. The Xbar chart (top chart in figure 37)
refers to the average of the means of the subgroups per sample (variation
occurring in the overall process) and the R chart (bottom chart in figure
37) refers to the average of the range of the highs and lows of the subgroups
(variation occurring per sample).

What You Need to Know About Xbar/R Control Charts
Figure 37 – Xbar/Rchart Control Chart
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•

•
•
•
•
•
•
•
•

Samples are listed on the X axis and sample means are on the
Y axis
• Sample 5 in figure 37 is the measurement of the press sheet
sample once the press run hit 5000 sheets; one sample is
pulled every 1000 sheets.
Xbar chart (top chart sample mean) measures piece-per-piece
variation
• In the Xbar chart in figure 37 it is sheet-per-sheet.
Rchart (bottom chart sample range) measures within-piece
variation
• In the R chart in figure 37 it is within-sheet
Xbar/Rchart uses variable data to measure variation in a process by comparing the data to the average and standard deviation of the process
Xbar is the mean (average)
Double Xbar is the mean of the mean
Rbar is the mean of the ranges
• It is common that there is no LCL on the Rchart
The control chart uses control limits which as warning zones
that are 3 standard deviations from the mean
• Upper control limits (UCL) + 3σ from XXbar
For the Xbar chart we divide into ±3σ zones to determine the
presence of special cause variation
• For generic/basic interpretation, any points outside of the
control limits indicate the potential presence of special
cause variation
• The zones are used to determine patterns and trends that
might signify the presence of special cause variation

How to Interpret Xbar and R Charts
In figure 38 the middle line that has a double bar over the X in the Xbar
chart means that the number provided is the mean of the means (the overall average of the averages of the SIDs on all 25 sheets). In this case the
average of the SID yellow measurement throughout the entire press run
(25,000 sheets) is 1.0255. The middle line that has a bar over the R in the
R chart is the mean of the ranges, or the average of the differences of the
SID ranges per sheet; the average of the ranges of the SID (Dmax - Dmin)
is .0648. The UCL is the upper control limit (1.0727 for the Xbar chart
and .1478 for the R chart) and the LCL is the lower control limit (.9783
for the Xbar chart and 0 for the R chart), both of which are ±3σ from Xbar
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respectively. Note: it’s not unusual for the R chart to have a 0 for the LCL.
Figure 38 – Xbar/Rchart Sigma Zones

The Xbar and R charts are meant to be analyzed and interpreted together
since one measures for variation in the individual sample and one measures for variation in the whole process. For example, in examining the
R chart we can see that the SID ranges for sheet 4 and 15 went outside the
upper control limits (+3sigma). While these two sheets came dangerously
close to being outside the lower control limits (-3sigma) in the Xbar chart,
they remained within the lower control limits. We can conclude that
something happened in the yellow process in sheets 4 and 15 that affected
the sample as well as the process as a whole. Is this special cause variation
that we need to fix or is it common cause variation that we would naturally
expect to happen during a press run and therefore ignore?
When a process is unstable, it is futile to try to improve or modify the process, instead you need to identify and address the special causes which are
affecting the process (Wheeler).
Statistical criteria is used to determine if there is special cause variation
that may cause non-conformance in the process. The control chart is divided into three zones both above and below the mean (Xbar). Zone 1 is
between the mean and ±1 sigma; Zone 2 is between ±1 and ±2 sigma, and
Zone 3 is ±2 and ±3 sigma. Special cause variation is present if data falls
outside Zone 3 (±3 sigma) or exhibits unnatural patterns or trends over
time in the three zones. Variation displayed in these zones determines if
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the process is stable or not, or if special cause variation is present.
Criteria for special cause variation in control charts (determines if a process is out of control or not stable):
•
•
•
•
•
•
•
•

2 or more points outside the (±3 sigma) control limits
Nine consecutive points in a row above/below Xbar
Six consecutive points in a row, all increasing or all decreasing
above Xbar
Fourteen consecutive points in a row alternating up and down
above Xbar
Two out of three consecutive points all on same side of Xbar beyond Zone 2
Four out of five consecutive points all on same side of Xbar beyond Zone 1
Fifteen consecutive points in a row either side of Xbar
Eight consecutive points in a row on either side of Xbar without a
point in Zone 1

If any of the above criteria applies you can stop at the criteria that applies
to the control chart without having to complete the rest of the criteria. For
instance, if we had two more points outside the control limits we can stop
there and conclude that the process has special cause variation present, we
do not need to go to the next criteria of nine consecutive points in a row.
Control charts do not identify the cause of variation, they just tell us if its
there. Once the special cause variation has been identified, and corrective
measures have been implemented, a new control chart needs to be completed (using the same equipment, operator and run length) in order to
gauge if the corrective measures had any positive effect.
By examining the Xbar chart and the Rchart below (figure 39) we can determine the following:
• Sheets 4 and 15 experienced significant piece-to-piece as well
as within-piece variation:
• The Xbar chart tells us that piece-to-piece variation dipped
as evident in sheet 4 and 15. The Rchart tells us within-piece variation spiked as evident in sheet 4 and 15.
• SID averages in sheet 4 and 15 was significantly lower than
the rest of the SID averages and that the averages of the
SID range were significantly higher than the rest of the
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•
•

average of the ranges.
• Overall the Yellow SID was lower than the rest of the press
run on sheets 4 and 15; the disparity of the lowest SID to
the highest SID in sheets 4 and 15 was the highest in the
press run
The operator adjusted the Yellow SID after the sheet-to-sheet
variation dip as evident in the Xbar of sheets 5 and 16 which
brought the SID average back to normal
Eyeball analysis alone does not indicate anything special going
on in the process; we need to use the special cause criteria to
determine if there is special cause variation in the Yellow SID
process
Figure 39 – Interpreting Control Chart Example

Using the criteria below and examining the Xbar chart above we can
determine the following:
• 2 or more points outside the control limits (we have two points
outside of the upper control limit in the R chart- outliers?)
• Nine consecutive points in a row above/below Xbar (we have
nine consecutive points below Xbar- sheets 1-9)
• Six consecutive points in a row, all increasing or all decreasing
above Xbar (N/A)
• Fourteen consecutive points in a row alternating up and down
above Xbar (N/A)
• Two out of three consecutive points all on same side of Xbar
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•
•
•

beyond Zone 2 (N/A)
Four out of five consecutive points all on same side of Xbar
beyond Zone 1 (N/A)
Fifteen consecutive points in a row either side of Xbar (N/A)
Eight consecutive points in a row on either side of Xbar without a point in Zone 1 (N/A)

Because we have positive results for special cause variation in the first andsecond criteria of points outside control limits and nine consecutive points
below Xbar, the conclusion is that the Yellow (Y) process is unstable. Note:
we do not look at the Rchart for stability, that is why we did not concern
ourselves with criteria one (two points outside of the UCL in the Rchart).
We need to find the root cause of the special cause variation in the Y process. We would still need to check the entire VOP of the CMYK process to
determine if there is special cause variation in the other colors, however,
at this point we can conclude that if the Y process is unstable then the entire CMYK process would be unstable as variation in yellow would have a
negative effect on print consistency throughout the entire CMYK process.
Again, the control chart does not give us information about the cause of
the variation, it just tells us that it’s present. Like a fuel or temperature
gauge found in a cars dashboard, the control chart gives us real-time status
on how the VOP is doing.
General rules to determine if a process is in control (stable):
•
•
•
•

No points are outside control limits
The number of points above and below Xbar is about the same
The points seem to fall randomly above and below Xbar
Most points, but not all, are near Xbar and only a few are close to
the control limit

If you are using MiniTab, the control chart and the report card would be
generated automatically (figure 40).

XmR Chart

There are several different types of control charts we can use (figure 41),
based on the type of data (attribute or variable) and if the data was organized in sub-groups or not. The Xbar/Rchart that we previously discussed
is an essential tool for determining process control in our graphic communication equipment (digital printers, offset, large format cutters) and other
processes where sub-grouping is required. Another essential control chart
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type that can be utilized in graphic communication is the Xbar Moving
Range chart AKA the XmR chart.
Figure 40 – MiniTab Score Card

While Xbar/Rchart is used to determine stability in a continuous sub-group
data process, the XmR chart is used to determine stability in non-subgroup
continuous processes which is valuable because many of our processes do
not have sub-groups. Like the Xbar Rchart, the XmR chart utilizes the
Xbar and sigma as a reference to normal, however, the sample data is a
double entry not an average of sub-groups. Consecutive data is compared
by the range difference and then the average of the ranges multiplied by
Figure 41 - Types of Control Charts
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3.27 computes the UCLrange..
The control/process behavior chart presents current values in the form of a
graph, an illustration that our (GRC) minds are more able to decipher and
to make sense out of rather just comparing raw data (Wheeler).
Consider the data set in figure 42. What conclusions can you draw from it?
Management has set a numerical goal of 27 sales per month for each of
their sales reps. A cursory glance at the data tells us that January to April
2017 had the highest sales over the course of two and half years then experienced a significant dip in sales from May 2017 to October 2018. Sales
then consistently increased from November 2018 to 2019. Why were sales
so low in 2017/2018? How did Christina perform? Should we be concerned and investigate why Christina had a bad year in 2018?
Figure 42 - Sales Per Month Data

This is good example of when to use a XmR chart. The XmR chart is appropriate to use with any attribute (count) based data to determine if a
process in control/stable, and if a process is stable then it is predictable.
“A process will be said to be predictable, when through the use of past
experience, we can describe, at least within limits, how the process will behave
in the future”
(a paraphrase of Walter Shewart’s definition of control).

Because of its ability to determine predictability of a process, the control
chart is more often called the process behavior chart because it can predict
the behavior of the process through the examination of archival data. If
there is one Total Quality Tool to master, it is the control (behavior) chart.
In figure 44, month-to-month variation is graphically displayed by the differences between consecutive monthly values called moving ranges (mR).
Do not be concerned with negative numbers, just input the difference between N1 to N2, i.e. for February 2017 mR, the number for January 2017
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is 33 (figure 42) and February 2017 is 37 (see figure 43 for range values):

33 - 37 = -4 (ignore the -) = 4
Figure 43 - mR Sales per Month Over 3 Years

Figure 44 exhibits the data in form of a Xbar/mRbar process behavior
chart. The more data we examine, the better our predictions will be, so we
are examining the sales per month over three years. The average of each
year (Xbar) and range (mR) has been calculated and is exhibited in figure
44. This process behavior chart plots the sales per month over three years
for one particular sales rep, Christina Plumb. The process was homogeneous throughout the entire year, however, management did assign Christina different regions in the beginning of each year. Thus, we compute the
average (Xbar) and moving range (Rbar) for each year to examine each
year as its own process. This is why there are different upper and lower
control limits in the X (top) chart for each year. The control limits in the
xbar chart are identified as UCLxbar and LCLxbar, to differentiate the UCLmRbar
in the mR chart. The formula for the UCLxbar and LCLxbar is:

UCLxbar = Xbar + 3σ
LCLxbar = Xbar - 3σ
Whereas Xbar is the average of the sample data and the standard deviation for the sample data is identified as lower case sigma (σ)
The formula for the UCLmR is:

UCLmR = 3.27 x mRbar
Whereas Rbar is the average of the ranges, and 3.27 is an scaling factor for
averages that combine the appropriate bias correction factors with other
factors to result in “three sigma limits” (Wheeler)
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Figure 44 - XmR Sales per Month Over 3 Years (Xbar mRbar)

Interpretation for Process Behavior Chart (figure 44 - Xbar/mRbar)
•
•
•
•
•
•
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After experiencing impressive sales in 2017 from January to
April, Christina’s sales dropped significantly and really did not
recover until after November of 2018 (Xbar)
In 2017, from April to May, there was a massive 11 point slide
in sales (mR)
For the rest of the three years the ranges remained relatively
stable with no points outside of the UCLmR (mR)
Each year needs to be investigated separately as to what was
changed by management to the process for that year as data
varied year to year (both Xbar and mR)
Each year the sales process was unstable and therefore unpredictable, with points outside of control limits in the X chart
for each year
Special cause variation is located in month-to-month, not

•
•
•

within-month as the variation within-month is relatively stable. With the exception of May 2017, all points are within the
UCLmR) mR chart.
Evaluate why the process is unstable; what is management doing at the beginning of each year to Christina’s sales process?
While sales declined from 2017 to 2018, sales went up in 2019
There appears to be a slide in sales after October 2019

If we plot managements sales quota of 27 sales per month, the following
XmR charts (figure 45) tell us more information about the process than
just looking at raw data.

Interpretation for Process Behavior Chart With Sales Quota (figure
45 - Xbar mRbar)
•
•
•
•
•
•
•

•
•

The dotted line is the monthly sales quota of 27
Sales quota appears to have been set by the average of sales per
month in 2017
Sales quota is the same as the UCLxbar in 2018
Sales quota is lower than the LCLxbar in 2019
Christina failed to meet the sales quota for most of 2017 and
2018
Even though the process is unstable and unpredictable, Christina did meet the quota for 2019
The sales quota does not reflect the capability of the process.
The sales quota is an arbitrary number which is a barrier to
the employee.
• See Deming’s Point 12
• If arbitrarily set too high, good employees feel they are not
doing well which is demoralizing.
• If too low, it dissuades top performance from the best employees.
Root cause analysis is required to determine why the process
is unstable and unpredictable month to month
Management is responsible for the architecture of the process,
so fault in process performance and predictability lies with
management
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Figure 45 - XmR Sales per Month Over 3 Years With Sales Quota (Xbar mRbar)

As you can see, the mR chart graphically illustrates what is really happening in the process. The mR chart can be used to analyze:
•
•
•
•
•
•

Financial transactions and performance
Process performance
Employee performance
Productivity performance
Supplier performance
Basically any two data entry process (binary)

The process behavior charts in figures 44 and 45 where created in Excel.
You do not need Minitab or other SQL software to create process behavior
charts. Figures 46 and 47 shows how the data was setup in the spreadsheet
to create the line graphs. Note that there is no LCLmR data in the mRbar
chart.
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Instead of control charts,
talk about process behavior charts.
Instead of an in-control process,
talk about a predictable process.
Instead of an out-of-control process,
talk about an unpredictable process.
Process behavior charts is the way
to listen to your process.
- Donald Wheeler-
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Figure 46 - Spreadsheet Data Setup for Xbar Chart
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Figure 47 - Spreadsheet Data Setup for mRbar Chart
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Total Quality Tool - Process Capability Study (PCS) Measuring the VOC
According to Donald Wheeler:
•
•
•

The VOC defines what you want from a system
The VOP defines what you will get from a system
Management’s job is to work in bringing the VOP into alignment
with the VOC

After examining the process for stability (VOP) and confirming the process
is predictable, the next step is to test to see if the process can hit customer
specifications (VOC) by performing a Process Capability Study (PCS). If
the process does not prove to be stable, we will need to find the root causes
of the special cause variation present and eliminate before we can move on
to a PCS. The process must be proven to be statistically in control for an
extended period.
A PCS is used to determine whether a process is capable of consistently
meeting the VOC. A capable process will produce virtually its entire product within designated (upper and lower) customer specifications limits.
The PCS compares the natural output (VOP) of the process to the customer’s specifications (VOC).
Figure 48 - Histogram of an Incapable Process
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Figure 49 - Histogram of an Capable Process

The PCS is measured by mathematical formulas and graphically displayed
as a histogram helping to show how well the process is performing (figures
48 and 49). The mean is the overall average of all the averages of the samples, expressed as double Xbar. The upper (USL) and lower (LSL) specification limits are the VOC targets plus tolerances. For example, the VOC
specifications for the Glue Film Thickness (GFT) of a perfect bound book
process is .005 ±.002, USL=.007 LSL=.003. The VOC determines the specifications: if the book has too little glue the pages will fall out, too much
and the pages will be hard to turn; either results in non-conformance to
the VOC requirements of a perfect bound book. If products fall within the
specification width (figure 49), the process is deemed capable of meeting
the VOC. If products fall outside of the specifications width (figure 48),
the process is incapable of meeting the VOC.
Before we can perform a PCS we first need to determine if the VOP is stable which is measured by the control/process behavior chart. Once we’ve
determined that the process is indeed stable and free from special cause
variation, we can run a PCS.
Cp tells us whether the process can fit in the specification width (ratio of
the VOC tolerance to the VOP process width), but it does not tell us where
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our process is centered. The Cpk tells us how our process is centered (on
the mean/average) and how well the process fits into the specification
width. We use both formulas to determine process capability and performance. To complete the formulas, we need to know:
1) Xbar (samples average) or double Xbar (overall average of the average of the subsamples)
2) Sigma (standard deviation)
3) Upper specification limit (allowable tolerance plus VOC)
4) Lower specification limit (allowable tolerance minus VOC)
The formula for Cp is:

Cp = (USL-LSL) ÷ 6σ
Cp = VOC (Target Tolerance) ÷
VOP (Natural process variation)
Cp is determined by dividing the difference of the upper and lower specification limits by the spread of 6σ (±3σ). If Cp is higher than 1 (2 is Six Sigma, as in figure 50), the process is capable of fitting into the specification
width; if less than 1 then the process is too wide to fit into the specification
width (incapable). The problem is that there is no reference to the mean
(double Xbar) so it tells us nothing about how well the process is centered
on its specifications. The Cp tells us if the process is capable of meeting
the VOC requirements, but it does not tell us if the process is meeting the
VOC requirements.
Figure 50 - Sigma and DPMO Levels based on Cp
Cp
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Sigma Level

Defects Per Million Op.

.167

.5 sigma

840,000

.333

1.0 sigma

690,000

.50

1.5 sigma

500,000

.667

2 sigma

308,000

.833

2.5 sigma

158,000

1

3 sigma

66,800

1.167

3.5 sigma

22,700

1.33

4.0 sigma

6,210

Cp

Sigma Level

Defects Per Million Op.

1.50

4.5 sigma

1,350

1.66

5.0 sigma

230

1.833

5.5 sigma

30

2.00

6 sigma

3.4

Figure 51- Cp to Sigma Level, VOP to VOC Fitness

The greater the Cp, the more of the process width (±3σ, VOP) can fit into
the specification width (±VOC Target). A Cp of 2 means that there is a
potential of fitting two whole process widths into the specification width
which is a sigma level of 6, a near perfect process (figure 51).
Cp is the process potential of meeting the VOC, but we need to find out if
the process is actually meeting its requirements. To find out how the process is actually doing, we use the Cpk formula that centers the data along
the mean and determines if it either crashes or fits into the specification
limits.
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Cpk = the minimum of either:
(USL - Xbar) ÷ 3σ or (Xbar - LSL) ÷ 3σ
Cpk = VOC to the right of the mean and
VOC to the left of the mean
Cpk is determined by dividing the differences of the upper and lower specification limits from Xbar or double Xbar (mean) from 3σ (1/2 of the 6σ
spread). You must complete both formulas and pick the lowest Cpk number as the process has to be judged at its weakest link. A common goal for
Cpk is 1.33, which is perfectly centered with a capability of 4σ (figure 50).
If process isn’t exactly centered Cpk will always be less than Cp.
Interpreted in tandem, the Cp and Cpk determines if a process is capable
of fitting into the specification width (figure 52):
Figure 52 - Cp and CpK Criteria and Impact on the VOC
Cpk Criteria

Cp < 1 & Cpk < 1
Cp > 1 & Cpk > 1
Cp > 1 & Cpk < 1

Impact on VOC
not capable; process is too
wide to fit
capable; process will fit and
has room on both sides to fit
not capable; process can fit,
but is not centered so it crashes into one side of the specification limits

Figure 53 - Cp and CpK Criteria Illustration

Cp < 1; Cpk <1
Not Capable
Process is too wide to fit
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Cp > 1; Cpk >1
Capable
Process fits

Cp > 1; Cpk < 1
Not Capable
Process potentially fits,
but is not centered

To illustrate the relationship between Cp and Cpk, think of the VOC specification limits as being the two sides of a garage door (figure 53) with the
left side of the door opening being the Lower Specification Limit (LSL) and
the right side being the Upper Specification Limit (USL). The car is the
VOP that has to fit into the specification limits. A highly capable process
would mean that you can easily drive the car into the garage opening with
room to spare; you may even fit two cars! Processes that ares not capable
means the car cannot fit into the garage opening, or theoretically it can,
but the driver cannot control the car so it keeps crashing into one side of
the door opening. This is why both Cp and Cpk need to be greater than 1
in order for the process to be capable of meeting the VOC specifications.
Using the Glue Film Thickness (GFT) data above we can determine if the
GFT process is able to fit in the specification width:
Cp = (7-3) ÷ 6 (1.417) = .47
Cp is .47
Cpk = (7 – 4.844) ÷ 3 (1.417) = .51
OR
(4.844 – 3) ÷ 3 (1.417) = .43
.43 is less than .51, so Cpk is .43
The Cpk tells us how we are actually doing by centering the VOP data
around the mean inside the specification width. If our VOP data is off
center then the process may fall outside of one or both specification limits.
This is why we need to pick the lowest Cpk as the process is only as strong
as its weakest link.
Conclusions: since the Cp and Cpk are both less than 1, the GFT process is
not capable; it is too wide to fit the specification width, producing products
in non-conformance – outside VOC specifications.
Assuming the process was stable (no special cause variation), since the
process was deemed incapable we need to find the root causes of why the
process cannot fit into the VOC specification width.
Note that:
•

A process can be stable yet be not capable
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•
•

A process has to be stable to be capable
If a process is unstable then it cannot be capable

Once we locate the Cpk, we can determine our sigma level (rating) and
determine how well or not the process is doing and how many defects are
occurring in the process.
Formula for finding sigma level using CpK:

Sigma Level = 3*Cpk
3 X .43 = 1.29
GFT process is operating at 1.29 sigma.
If nothing changes we can expect over 500,000
defects per million opportunities in this process.
(figure 50)

“Z” Calculations
A “Z” calculation predicts how much of the product will be produced within and/or beyond specification limits.
A ZUSL (Z Upper Specification Limit) predicts the amount of product you
can expect to exceed the upper specification limit. ZLSL (Z Lower Specification Limit) predicts the amount of product you can expect to exceed the
lower specification limit.
Expressed in percentages, it is the probability of an event occurring; in this
case products exceeding either or both specifications limits:
0.00 = 0% probability of an occurrence
0.50 = 50% probability of an occurrence
1.00 = 100% probability of an occurrence
To complete the Z calculations, we need to know:
1.
2.
3.
4.
144

Mean (Xbar or average)
Standard Deviation (σ)
Upper specification limit (USL)
Lower specification limit (LSL)

The formula for the Z calculations is as follows:

ZUSL = (USL – Xbar) ÷ σ
Plug in Value on LUT (Fig. 55)
ZLSL = (Xbar – LSL) ÷ σ
Plug in Value on LUT (Fig. 55)
Convert Value on LUT to a %
Steps for the Z calculation:
1. Locate the first two digits (0.0 to 5.3) of the ZUSL on the Standard
Normal Distribution Look Up Table (LUT- figure 55) on the farthest
left-hand column (the Z column).
2. Locate the hundredths of the ZUSL or ZLSL in the top row (.00 to
.09).
3. Using your finger, locate the value where both first two digits
column and the hundredths column combine. Note if the ZUSL or
ZLSL is >4.9 then your ZUSL or ZLSL will be 0.00%.
4. Convert your Z calculation to a percentage. This is the percentage of product you can expect to fall outside of the USL (right of
data) or LSL (left of data) unless something is altered in the process.
Use the GFT process example from the PCS above and plug in the following values:
•
•
•
•

Average of the GFT process (Xbar) = 4.844
Sigma(σ) = 1.417
USL = 7
LSL = 3
ZUSL = (7 – 4.844) / 1.417 = 1.52 = LUT .0643 = 6.4%
6.4% of the books produced will be out of the USL
unless something is altered in the process
ZLSL= (4.844 – 3) / 1.417 = 1.30 = LUT .0968 = 9.7%
9.7% of the books produced will be out of the LSL
unless something is altered in the process
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Figure 54 -Z Calculation Illustration

Overall, 16.1% of the glue bound books are in non-conformance (figure
54) Conclusions on GFT process after conducting a PCS and performing
Z calculations
•
•
•
•
•

•
•
•
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Process data is too wide to fit within specification limits; process is producing too many products in non-conformance.
6.4% of process data is outside of the lower specification limit
and 9.7% is outside of the upper specification limit.
Unless improvements are made we can predict that the process will perform the same in the future.
Control charts and PCS do not tell us what is going wrong; it
just tells us that something is wrong.
Once root cause analysis has been conducted and improvement efforts have been installed, initial focus should be on the
non-conformance outside of the USL since its greater than the
non-conformance outside of the LSL.
If a PCS measures data that is representative of less than 30
days, then this would be short-term capability; if greater than
30 days then it would be long-term capability.
Start with short-term capability ({Pp, Ppk) first so you can
make improvements and tweak the process for full capability.
Long-term capability is best for monitoring a stable and capable process used in the Control Phase of DMAIC .

Figure 55 - LUT for Standard Normal Distribution for Z Calculations
Z
.0
.1
.2
.3
.4
.5
.6
.7
.8
.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5.1
5.2
5.3

.00
.5000
.4602
.4207
.3821
.3446
.3085
.2743
.2420
.2119
.1841
.1587
.1357
.1151
.0968
.0808
.0668
.0548
.0446
.0359
.0287
.0228
.0179
.0139
.0107
.0082
.0062
.0047
.0035
.0026
.0019
.0013
.00097
.00069
.00048
.00034
.00023
.00016
.00011
.00007
.00005
.00003
.00002
.00001
.00001
.000005
.000003
.000002
.000001
.000001
.000000
.000000
.000000
.000000
.000000

.01
.4960
.4562
.4168
.3783
.3409
.3050
.2709
.2389
.2090
.1814
.1562
.1335
.1131
.0951
.0793
.0655
.0537
.0436
.0351
.0281
.0222
.0174
.0136
.0104
.0080
.0060
.0045
.0034
.0025
.0018
.0013
.00094
.00066
.00047
.00032
.00022
.00015
.00010
.00007
.00005
.00003
.00002
.00001
.00001
.000005
.000003
.000002
.000001
.000001
.000000
.000000
.000000
.000000
.000000

.02
.4920
.4522
.4129
.3745
.3372
.3015
.2676
.2358
.2061
.1788
.1539
.1314
.1112
.0934
.0778
.0643
.0526
.0427
.0344
.0274
.0217
.0170
.0132
.0102
.0078
.0059
.0044
.0033
.0024
.0018
.0013
.00090
.00064
.00045
.00031
.00022
.00015
.00010
.00007
.00004
.00003
.00002
.00001
.00001
.000005
.000003
.000002
.000001
.000001
.000000
.000000
.000000
.000000
.000000

.03
.4880
.4483
.4090
.3707
.3336
.2981
.2643
.2327
.2033
.1762
.1515
.1292
.1093
.0918
.0764
.0630
.0516
.0418
.0336
.0268
.0212
.0166
.0129
.0099
.0075
.0057
.0043
.0032
.0023
.0017
.0012
.00087
.00062
.00043
.00030
.00021
.00014
.00010
.00006
.00004
.00003
.00002
.00001
.00001
.000005
.000003
.000002
.000001
.000001
.000000
.000000
.000000
.000000
.000000

.04
.4840
.4443
.4052
.3669
.3300
.2946
.2611
.2296
.2005
.1736
.1492
.1271
.1075
.0901
.0749
.0618
.0505
.0409
.0329
.0262
.0207
.0162
.0125
.0096
.0073
.0055
.0041
.0031
.0023
.0016
.0012
.00084
.00060
.00042
.00029
.00020
.00014
.00009
.00006
.00004
.00003
.00002
.00001
.00001
.000004
.000003
.000002
.000001
.000001
.000000
.000000
.000000
.000000
.000000

.05
.4801
.4404
.4013
.3632
.3264
.2912
.2578
.2266
.1977
.1711
.1469
.1251
.1056
.0885
.0735
.0606
.0495
.0401
.0322
.0256
.0202
.0158
.0122
.0094
.0071
.0054
.0040
.0030
.0022
.0016
.0011
.00082
.00058
.00040
.00028
.00019
.00013
.00008
.00006
.00004
.00003
.00002
.00001
.00001
.000004
.000003
.000002
.000001
.000001
.000000
.000000
.000000
.000000
.000000

.06
.4761
.4364
.3974
.3594
.3228
.2877
.2546
.2236
.1949
.1685
.1446
.1230
.1038
.0869
.0721
.0594
.0485
.0392
.0314
.0250
.0197
.0154
.0119
.0091
.0069
.0052
.0039
.0029
.0021
.0015
.0011
.00079
.00056
.00039
.00027
.00019
.00013
.00008
.00006
.00004
.00002
.00002
.00001
.00001
.000004
.000003
.000002
.000001
.000001
.000000
.000000
.000000
.000000
.000000

.07
.4721
.4325
.3936
.3557
.3192
.2843
.2514
.2206
.1922
.1660
.1423
.1210
.1020
.0853
.0708
.0582
.0475
.0384
.0307
.0244
.0192
.0150
.0116
.0089
.0068
.0051
.0038
.0028
.0021
.0015
.0011
.00078
.00054
.00038
.00026
.00018
.00012
.00008
.00005
.00004
.00002
.00002
.00001
.00001
.000004
.000002
.000002
.000001
.000001
.000000
.000000
.000000
.000000
.000000

.08
.4681
.4286
.3897
.3520
.3156
.2810
.2483
.2177
.1894
.1635
.1401
.1190
.1003
.0838
.0694
.0571
.0465
.0376
.0301
.0239
.0188
.0146
.0113
.0087
.0066
.0049
.0037
.0027
.0020
.0014
.0010
.00074
.00052
.00036
.00025
.00017
.00012
.00008
.00005
.00003
.00002
.00001
.00001
.00001
.000004
.000002
.000001
.000001
.000001
.000000
.000000
.000000
.000000
.000000

.09
.4641
.4247
.3859
.3483
.3121
.2776
.2451
.2148
.1867
.1611
.1379
.1170
.0985
.0823
.0681
.0559
.0455
.0367
.0294
.0233
.0183
.0143
.0110
.0084
.0064
.0048
.0036
.0026
.0019
.0014
.0010
.00071
.00050
.00035
.00024
.00017
.00011
.00008
.00005
.00003
.00002
.00001
.00001
.00001
.000004
.000002
.000001
.000001
.000001
.000000
.000000
.000000
.000000
.000000
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If using Minitab, process capability is automatically computed in a summary analysis report. The VOP is presented as a histogram which is placed
between the USL and LSL to show degree of capability. PCS is always presented graphically as a histogram to display process kurtosis and skewness.
Process capability (Pp), performance (Ppk), Z calculations, and DPMO are
indicated in the summary. Pp and PpK are process capability indices similar to Cp and Cpk, but do not require the process to be pre-validated as
being stable, thus Pp and Ppk are used for a short-term PCS. A short-term
PCS would be used in process design and beta testing development as well
as in the Measure, Analyze, and Improve phases of DMAIC.
Figure 56 - Minitab Capability Analysis for Black SID Process

The formula for Pp and Ppk is the same as Cp and Cpk. However, since Pp
and Ppk measure short-term capability, there are other methods to determine the standard deviation in the PCS formulas.
For short-term capability and performance PCS, locate the standard deviation (σ) derived by mean of the ranges using the following formulas:
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Short-term sigma (σ) formulas (Kubiak and Benbow):

σ = Rbar ÷ d

2

or

σ = mRbar ÷ d

2

Where d2 is based on the subgroups of the data set:
Subgroup of
2

d2
1.128

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

1.693
2.059
2.326
2.534
2.704
2.847
2.970
3.078
3.173
3.258
3.336
3.407
3.472
3.532
3.588
3.640
3.689
3.735
3.778

22
23
24
25

3.819
3.858
3.895
3.931
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Measurements

Time in Weeks
The above illustrates how variation can change over a period of time. The
solid middle trend line is the process, the upper and lower doted lines are
variation with shaded areas expressing the amount of variation occuring
in the process. A process that extends over a length of time is subject to
greater levels of opportunities for variation to occur. Think of a space ship
going to Mars. While there is a lot of variation in the initial launch, as the
mission extends further into space, the risks become greater.
A process continually monitored over 30 days could exhibit a stable VOP
and a capable VOC, yet become unstable and incapable as time is increased. Short-term performance of a process can be determined with
the Pp and Ppk indices, while long-term capability is determined with Cp
and Cpk. If a process is intended to function more than 30 days, capability indices would be used to monitor the process in the Control phase of
DMAIC.
Both short-term and long-term capability determine how well or not the
VOP is producing products or providing service in conformance to the
VOC. Understanding variation as it occurs in any stage of the process is
key in managing for quality.
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Case Study: VOC and VOP
Boeing 737 Max

Norebbo

In case you didn’t know, U.S. commercial air flight is the safest
mode for long distance travel. For travel coast-to-coast, there’s a
one in 14,000 chance of dying by car, one in a million by train, and
one in seven million by commercial jet airline. In fact, the chance
of being killed in a commercial airliner are less than dying from a
lightning strike or a bee sting.
From the general discomfort of the cramped quarters to the just-shy
of a full-body search by TSA, airline customers put up with a lot
of not-so-comfortable CTP (VOP) in order to travel long distances
in a remarkably short time. In fact, for most of us, the only CTQ
(VOC) is that we depart and land in one piece and live another day.
When CTQ for flying fails, it may be ugly and even deadly: in October 2018, Lion Air Flight 610 crashed minutes after takeoff from
Jakarta, Indonesia; in October 2019, Ethiopian Airlines Flight 302
also crashed minutes after takeoff. Between the two crashes, both
involving the Boeing 737 Max, 346 people died. The apparent
root cause for both crashes was a failure of the automated system
(MCAS) designed to help the 737 Max avoid stalling mid-air.
In terms of managing for quality, there are many takeaways from
the process failure of the Boeing 737 Max:
1) The design of the original 737 is over 50 years old. In 2017 it
was redesigned with bigger engines allowing the aircraft to fly
further and more efficiently, but also affected the aircraft’s aero151

dynamics making it susceptible for stalling mid-air.
2) The MCAS software was designed to control the aircraft
when stalling conditions were a potential.
3) Many pilots didn’t know the MCAS even existed. The pilots of the two aircraft that ultimately crashed followed Boeing’s
procedures to disengage the MCAS system but did not have
enough time to counteract the mid-air stalling, resulting in an
unrecoverable nosedive.
4) The FAA did not perform their oversight responsibilities.
Because of short staffing, the FAA allowed Boeing to self-regulate and certify safety and performance of the new design of
the 737 Max.
The Boeing 737 Max failure illustrates the awesome power of the
VOC and the consequences of failure to deliver the CTP in the
VOP. After worldwide protests and boycotts of flying on the 737
Max, the aircraft was grounded permanently until the MCAS system failure was sorted through.
Airline customers may forget about near-perfect air travel safety
statistics, relying instead on their confirmation biases and what
may seem to them like frequent crashes. (The media only report
crashes, not successful flights.) Many rational, professional people
swore never again to fly in a 737 Max regardless of FAA approval or
software fixes.
As a result of the 737 Max process failure, Boeing has lost billions
of dollars. The company and the FAA lost consumer confidence
and it remains unclear whether the 737 Max will fly again. Despite
providing daily service to more than 44,000 flights and 2.7 million
passengers across more than 29 million square miles of airspace at
a failure rate of less than 6.2 deaths per 100,000,000 passengers, the
Boeing Max fiasco tarnished the near perfect record of the FAA and
left scores of air travelers skeptical of the administration’s ability to
deliver them safely to their destination.
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Chapter 7

Lean Six Sigma Methodologies
Today’s print and design processes require a whole new technological skillset than just 10 years ago and those that cannot (or will not) adapt will be
left behind. Thanks to advances in digital technology, modern print processes are much more dependent on software with graphic design having
transitioned from “desktop publishing” to complex asset manipulation.
It is important for those in the graphic communication industry to put
on an engineer’s hat as they consider their workflow and troubleshooting
processes. Lean Six Sigma (LSS) was created to solve problems in manufacturing and engineering and it is time for us in GRC to start thinking like
engineers.
To think like an engineer:
•
•
•
•
•
•

•
•
•

Focus on long term; engineers love to solve big problems, some of
which can take years to develop fully.
Be patient; don’t give up.
Don’t try to solve every problem; follow the CTQs and CTPs to
prioritize what needs to be done.
Focus on scale; focus on what you can control or have influence over.
Minimize interruptions; block off time in order to think clearly and productively.
Have a plan; solving complex problems requires a road map
that can extend 12 to 18 months and updated regularly. Road
maps should be specific in the short-term and broader further
out.
Disregard information you don’t need; find the signal from the
noise.
Reduce a model to its essential components.
Test to determine if the solution has been fulfilled.

To assist in developing our engineering-style GRC, we will use the LSS
methodology engine called DMAIC (Define, Measure, Analyze, Improve,
Control). Training our brains to automatically process problem and opportunity scenarios linearly through the DMAIC phases, we’ll save time, solve
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problems, and opportunities for growth and improvement will be realized.
While day-to-day problems can be solved by just two or three of the DMAIC phases, holistically the DMAIC approach to problem solving and improvement-planning is performed by teams of people rather than by individual effort. Team players have various roles (managers, employees,
outside consultants, etc.). Champions are executive managers of the business (CEOs, CFOs, etc.) who are trained in LSS management and technical knowledge and are responsible for providing the resources required to
complete the project. Sponsors are managers of the business who own the
process(es) that the DMAIC team seeks to improve.
Team project members who possess LSS technical competencies required
to lead the DMAIC teams are identified as black belts (figure 57). DMAIC
rank and file team members who have a working knowledge in LSS and
the Total Quality Tools (TQT) are identified as green belts. Team members
who have a general awareness of LSS are identified as yellow belts. In an officially sanctioned DMAIC project, one or more champions, sponsors, and
black belts would lead the project through the phases utilizing a plethora
of tools and metrics to bring the project to completion. For a LSS project to be successful, top management must be fully on-board and able to
eliminate hurdles that the technical team will face as it passes through the
various DMAIC phases (financial, organizational, etc.).
Figure 57 - LSS Competency Hierarchy
Master Black Belt (MBB)
Black Belt trained with at least two years experience
Has successfully completed at least two DMAIC improvement project
Teacher of LSS

Black Belt
Full-time DMAIC project leader
Competent in the application of LSS, DMAIC and TQTs
Lean Six Sigma certified by MBB or other certification body
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Green Belt
DMAIC project team member
Proven knowledge of LSS, DMAIC and TQTs
Lean Six Sigma certified by MBB, BB, or other certification body
Yellow Belt
DMAIC project team member
Awareness of LSS, DMAIC and TQTs
Lean Six Sigma certified by MBB, BB or other certification body
Initial “costs” of a DMAIC improvement project might make some managers squeamish, however, cost savings in the hundreds of thousands of
dollars are not uncommon for a single DMAIC improvement project. A
properly implemented LSS improvement project generally takes about
eight months to recoup costs and about 1-1.5 years to fully realize the ROI
(Brue and Howes). For some it may mean the difference between staying
in business and having to close doors.
A LSS black belt certification requires testing for proof of competency and
verification from a third party and two or more completed projects resulting in financial benefits. There are situations when hiring a certified
Six Sigma consulting firm is warranted, however, that should not dissuade
us from using the proven methods and tools of LSS for our own problem
solving, process planning, and improvement projects. In addition to this
book, the Lean Six Sigma Pocketbook (George, Rowlands, Price, Maxey) is
an excellent resource for the implementation of a LSS graphic communication DMAIC improvement project.

DEFINE PHASE - DMAIC
The first requirement of LSS is to identify a problem in need of a solution.
The process of problem-solving called Solution Engineering defines a problem as a situation that requires action in which the action is not immediately apparent. The solution is a course of action that, once implemented,
affects the situation in such a way that action is no longer required (Nickols). The path from the problem state to the solved state is called the solution path (figure 58). Problems are solved by the journey on the solution
path (figure 58). It is important to pay as much attention to the solved
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state as to the problem state. Unfortunately, the problem state typically attracts all our attention; if we’re not in an emergency situation and if we still
have nothing more in mind than doing something to rid ourselves of the
problem state, we can create situations where the solution to one problem
creates one or more new problems (Nickols).
Figure 58 -Problem to Solved State Via the Solution Path (Nickols)

Ask yourself questions like these: “How will I know the problem has been
solved? What evidence will we use to determine if the solution has been
solved? What does the solved state look like?” Be clear about all the goals
and objectives of the problem solving effort.
Rarely are definitions of the problem state or the solved state crystal-clear
up front. Do this to define the problem or solved state:
•
•
•
•

Locate: Establish boundaries, define scope
Isolate: Give distinguishing characteristics, differentiate
Articulate: Describe precisely
Explicate: Provide a definition

Working through the DMAIC phases provides the solution path, however,
before we can start solving problems we need to define what the problems
are. Finding consensus to define the problem may be tricky, but it is important that the team all agree what the problem is. The definition of the
problem (explicate) must be able to be verbalized and written down for all
to see (articulate).
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Metrics and evidence that confirm the existence of the problem must be
available in order to locate and isolate scope and boundaries so that improvement efforts are focused on the problem state.
Example: The problem you have identified is the growing number of people in the US who do not have enough to eat. By following the LIAE method (Locate, Isolate, Articulate, Explicate), we can narrow the definition of
the problem to a more manageable and realistic scope.
•
•
•
•

Locate: There is a need to reduce hunger in San Luis Obispo
(SLO) county
Isolate: Humans on the margins of society suffer hunger every day in SLO county
Articulate: SLO county homeless residents require assistance
in sustenance in order to address sickness and starvation
Explicate: A homeless person is any person who does not
have a permanent or temporary mailing address in the last 6
months

You can also use the “Achieve-Preserve-Avoid-Eliminate” matrix below(figure 59) to help you in the LIAE exercise above.
Figure 59 - The Achieve - Preserve - Avoid- Eliminate Matrix (Nickols)

The “Achieve-Preserve-Avoid-Eliminate” matrix helps you define the
problem and lay out the solution path (figure 60). In the top left “achieve”
box metrics and BHAGs are set so you can later gauge through testing if
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the problem was actually solved. The lower left “preserve” box ensures that
you do not discard valuable assets or resources in laying the solution path.
It is not uncommon in the attempt to improve a process that more damage
is done by eliminating things that were actually working but were not identified or were flying under the radar. The upper right “avoid” box attempts
to prevent unintentional consequences that can occur when modifying
an existing process or in the designing of a new process. The lower right
“eliminate” box discards non-value process activities, identified unintentional friction and other damages that have occurred in the problem state.
Figure 60 - The Achieve - Preserve - Avoid - Eliminate Matrix for
SLO Homeless Hunger Project
• Feed 50% of SLO Homeless by fall 2021
• Provide 2000 -2500 calories per day per person
• Conduct SLO county
benchmark hunger census
in spring 2022

• Health department interference
• Specific religious affiliation
• Serving non-homeless
people

• Work with SLO county housing department
personnel for permits and
government grants
• Maintain relationships
with existing faith-based
organizations for delivery
and logistics
• Maintain current supply
chain with local farmers and restaurants for
foodstuff

• Needles for food program
• Proof of immigration status before serving
• Knives as utensils
• Styrofoam containers

The Define phase addresses the following questions (Brue and Howes):
•
•
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What is the problem(s) that we really have to fix?
What are our customers CTQ requirements and how are we
doing in meeting them?

•
•

What customers are being affected by the problem?
What are the key processes involved in the problem?

Some of the LSS Tools for the Define Phase:
•
•
•
•
•
•
•
•
•

VOC CTQ devices: Surveys, focus groups, point of observation, etc. (Pages 112-116)
Breakthrough Formula: Examines the dependent output, independent inputs, and variation in a process. (Pages 108-112)
Management by Walking Around (MBWA): Go to the source
of the problem. (Page 89)
House of Quality (HOQ): Rates the importance of the correlation between VOP and the VOC . (Pages 116-117)
Supplier-Input-Process-Output-Customer (SIPOC): Identifies
all the players in a process. (Pages 159-160)
TAKT: How much can we expect to produce in a shift without
modification. (Pages 93-96)
Process Maps: Flowchart of an existing process. (Pages 164171)
Pareto Charts of CTQs and problems in the process; identifies
the VOC CTQ attributes and the vital few causes of problems
in a process. (Pages 176-177)
Failure-Mode-Effects-Analysis (FMEA): Evaluates the severity,
probability of occurrence, and the ability to control failure and
its effects. (Pages 161-163)

LSS Tools for the Define Phase
SIPOC
A SIPOC analysis is a great way to define a process and identify what steps
we are doing and how well we are doing them. The SIPOC (figure 61)
considers the impact of suppliers, the requirements of the customer, and
determines which inputs (X=our processes) are critical to the process outputs (Y = customer needs).
On the SIPOC you will identify and list:
• Suppliers: Sources for the inputs
• Deming and Crosby both advocated having the least
number of suppliers as possible, down to one or two for
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•
•
•
•

each type of product and developing long term relationships with those suppliers. The suppliers should share the
same quality philosophy as you do (no tolerance for defects and or variation). Use the CTR metric to eliminate
poorly performing suppliers.
Inputs: The people, information, materials, and other resources necessary for the process to produce the outputs.
Process: Main steps or activities in consecutive order as they
are completed This can also can be listed separately as a simple process map (figure 61a).
Outputs: The product or services produced by the process.
Customer: People, processes, or organizations that receive the
outputs. Requirements are what customers demand and are
entitled to (Brue and Howes).
Figure 61 - SIPOC for an Estimating Process

Figure 61a - Process Map for Figure 60 SIPOC
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FMEA
The Failure-Mode-Effects Analysis (FMEA) identifies the potential ways a
product or process can fail seeking to detect failures and their effects with
the goal of reducing the impact of occurrences (figure 62). By multiplying
the severity of potential failure effects, the possibility of failure occurrence,
and the potential for failure detection together, a Risk Priority Number
(RPN) is computed. Improvement efforts are then focused on the highest
RPN numbers.
Figure 62 - FMEA Worksheet (Gygi, Williams, and Gustafson)

Creating a FMEA, (adapted from Gygi, Williams, and Gustafson):
1) The first step in creating a FMEA is to select one CTP input that has
been identified from a HOQ, Pareto, or a SIPOC diagram. It is important to research only one process step at a time.
2) If the input isn’t properly controlled, list the consequences in the Potential Failure Mode field. (You may have more than one failure mode.)
3) Enter the potential failure effect the failure mode would have on your
product or process in the Potential Failure Effect field. If there is more
than one effect, list them as separate line items.
4) Using the following criteria for your Degree of Severity rating (figure
63), rate the impact of severity from low too high in the severity field
with 1 being the lowest and 10 the highest:
5) After brainstorming, enter the potential causes of each listed failure
mode in the Potential Cause field.
6) Rank the likelihood of a failure occurring for each of the potential
causes using the following criteria for your Likelihood of Occurrence
rating (figure 64):
7) Identify and list the controls that are currently in place to prevent each
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failure mode cause, listing in the Current Controls field.
8) Rank each control to determine its ability to detect the failure mode
before harm or damage is done or to prevent the failure mode from
ever occurring. While prevention is better than detection, when failures do occur the best-case scenario would be to detect failures before
reaching the customer. Use the following criteria for your Ability to
Detect rating (Figure 65):
9) To determine the Risk Priority Number (RPN), multiply the severity,
occurrence, and detectability scores together for that mode. The highest RPN numbers indicate the highest risk and show you where your
initial efforts should be concentrated. We should attempt to reduce the
RPN by preventing the failure mode rather than detecting it. The idea
is to make it impossible for the failure to occur.

Figure 63 - FMEA Degree of Severity Criteria

Figure 64 - FMEA Likely of Occurrence Criteria
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Figure 65 - FMEA Ability to Detect Criteria

The highest risk priorities for the failure of the process step “24/7 website
accessibility” are that backup power supply does not work and server is
overloaded (figure 66). After improvement actions have been completed for these two potential causes regarding why the customer is unable to
submit a business card order on-line, another FMEA worksheet should be
conducted to gauge if your improvement efforts have been successful.
Figure 66 - Completed FMEA Worksheet
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Total Quality Tool - Flowcharts (Process Maps)
Figure 67 - Examples of Universal Flowchart/Process Map Symbols

According to Deming’s System of Profound Knowledge/ Appreciation for the
System, every activity and step in the GRC process (suppliers to service) is
part of the system. The system is the collective “everything” we do in the
GRC industry from marketing to providing service to the customer even
after orders have been filled and delivered. Each part of the process is like
a link in a chain with the weakest link affecting the integrity of the whole
chain. Those activities and steps outside of our immediate control such as
suppliers, utility providers, tenants, banks, and shipping vendors are also
part of the system. From beginning to end, the goal for every stage of the
system should be to satisfy the next stage. Appreciation for the system
recognizes and respects that each activity/step/stage has the quality of the
entire system in mind.
Since systems are designed by management and not by production workers, if poor quality is found in a system, it is the direct result of poor management. The production worker cannot fix the system by simply striving
for perfection or by trying harder; managing for quality comes by actively
improving the system. Since the role and responsibility of top managers
is to optimize the system, a thorough examination of the processes that
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managers have created or inherited for improvement and quality control
purposes is required.
A good way to begin examining the processes is by categorizing them by
type and homogeneity (same operator, same equipment, same shift) and
process map how they currently function. A Flowchart/Process Map is an
illustration of how a process works. It consists of universal symbols that
represent the steps in a process such as manual operations, decision points,
delays, movements, documents, rework loops, data, and inspections (figure 67).
The idea of the flowchart is to graphically:
•

•

Map the current state or existing process as it is, warts and all,
not as you want it to be.
• In the current state, identify Non-Value Added (NVA) process steps, delays, manual input, documents, etc.
• Try to get the worker’s perspective of what’s wrong or can
be improved in the system. Workers may not be well educated, but they have valuable insight.
Map improvements to bring about the ideal state. Map how
improvements affect the process in eliminating NVA process
steps, delays, manual input, documents, etc.

The start and ending of the process is represented by
a terminator, which is rectangle with rounded edges.
Most flowcharts should only have two terminators, one
that begins the process and another other that ends it.
Sometimes the terminators are actually titled “start” and “stop,” other times
they are the beginning and ending process steps, e.g. preflight, signed delivery.
A process is usually noted by using a rectangle. Depending on the granularity of the workflow, a process
node might be a single operation or several steps in a
group. If this node has been identified as non-value
meaning that it adds little value to the process (and thus should be eliminated or reduced) assign the NVA nodes a different fill color in order to
signal “improvement” to the team.

165

A decision is usually diagrammed with a diamond
shape. Typically decisions will be phrased as a binary
outcome (yes/no, pass/fail question) and will have two
branches for the possible outcomes. Decisions can be
attached to value added and non-value added process nodes.
A document is usually diagrammed with a rectangle
with a wavy edge. Documents can be inputs, outputs,
or ride-along information. Keep in mind that documents are often flags for NVAs, such as wasted paperwork, too many proofs, and unnecessary input for customer information.
Red flag nodes: Indicators for NVA activities (waste
and rework). Focus on these nodes for areas that may
need to be redesigned. Replace process nodes that are
non-value added with either a delay or manual operation node, so that the improvement team can quickly
identify the waste in the process. Note that all NVA
nodes should be identified in color or by a shade of
black.
Flow-lines are typically one-way connectors used to
show flow of work. Occasionally, lines might split into
parallel, but separate operations. Every node should be
connected with a flow-line in order to determine process flow.
A connector connects two or more flowcharts together. In
lieu of using a terminator a process may branch to a connector that defines the process in another flowchart.
Assumptions are used to define process steps, activities, and other nodes
that do not have to be mapped (e.g. customer has already proofed a PDF
soft proof, or customer has already agreed on estimate before production
process has been initiated). Only use assumptions that are valid, not as a
nod to laziness.
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Figure 68 shows a flowchart for an invoicing process in its current state.
Note that the NVA process nodes have been replaced with delays or identified in a different shade. The improvement team can quickly identify
problematic areas at the downstream portion of the process. Rework and
waste is much more expensive when discovered downstream versus upstream Figure 69 shows the same process after improvement efforts have
been initiated.
Figure 68 - Examples of a Flowchart in Current State
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Figure 69 - Examples of a Flowchart in Ideal State
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Figure 69 shows how improvement efforts reshaped the invoicing process
map in the ideal state. Figure 70 shows actual performance after improvements, a yield of 97% decrease in cycle time, a 98% cost decrease in staff
time, and 61% faster return in receiving payment.
Figure 70 - Metrics from Flowchart in Ideal State

When using a flowchart in a improvement report like an A3, start with a
SIPOC to identify the players in the process followed by the current and
ideal state flowcharts. Follow up with metrics that support the improvements identified in the ideal state flowchart. Astute readers will notice
there remain delays and NVA process activities in the ideal state (figure 69)
because the improvement team could not address these NVAs due to constraints at the time this was mapped. The area of NVAs at the downstream
portion should be the focus on the next phase of improvement efforts as
the constraints are relieved.
Process mapping helps a team do the following (Brue and Howes):
•
•
•
•
•

Describe how activities are currently being done
Understand the big picture
Identify how, when, or where a process should be measured
Investigate where problems might occur
Identify where modifications might best be made

Suggestions for mapping graphic communication processes:
•
•
•
•

Customer Service
Voice of the Customer (VOC) gathering activities
Sales
Web submission
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•
•
•
•
•
•

Estimating
Order intake
Proofing
Delivery
Billing
Customer follow-up

Standard Operating Procedures (SOPs) for Production:
•
•
•
•
•

Production planning and scheduling
Preflight and prepress
Press-digital and traditional
Post-press
Mailing and shipping

Process mapping makes you think about the process and identify forms of
waste. Following are types of NVA waste that need to be eliminated in the
process.
•
•
•
•
•
•
•
•
•
•
•
•

Irregularity, non-standardization, etc.,
Overexertion, or working unnecessarily hard
Intentional duplication of activities
Rework
Scrap
Overproduction
Waiting
Processing
Movement of material
Inventory
Human motion
Correction

All of these NVA wastes are influenced by and related to bottlenecks and
the inability of the process to flow smoothly. Flow is interrupted by “decision points”–places where the process can flow in two or more directions.
When a process is mapped, any diamond symbol indicates waste (Brue and
Howes, figure 71).
Optimizing for throughput (the amount of product produced) is changing
the process to maximize output or minimize a specific input thereby increasing productivity. Friction is any force or process that removes energy
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from a system over time. Unintentional friction needs to be removed for
improvements in both quality and efficiency. Intentional friction is inserted into the process to slow it down. Kanban and the Andon Cord are examples of intentional friction.
Figure 71 - A Flowchart/ Process Map for a New Order Intake Process

Planning for automation allows a process to operate more efficiently without human intervention (47% of all American jobs can be automated!).
The Paradox of Automation is that the more we rely on a highly efficient
automated system, the more crucial the contributions of human operators
are. Irony of Automation occurs when, as automated systems become more
reliable, human operators, having less to do, pay less attention to the system.

MEASURE PHASE - DMAIC
The primary purpose of the measure phase is to focus the improvement
effort by gathering information about the current situation. The measure
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phase will: define one or more of the CTQ output characteristics (Y); map
out existing process (before improvements); evaluate what metrics to use;
assess current level of process capability; determine current sigma levels;
quantify the problem.
Figure 72 – Precision Accuracy (adapted from “The Signal and the Noise” by
Nate Silver). If you shoot four shots and they are grouped together outside the
bull’s eye, you are precisely inaccurate; likewise, if you shoot four shots at equal
distances from the bull’s eye you imprecisely accurate. Precision accuracy is
achieved only when all the shots are tightly clustered around the target.

Precisely Inaccurate

Imprecisely Accurate

Precision Accuracy

The success of the DMAIC phases requires us to be confident in our measuring ability and in the accuracy and precision of our measuring devices.
If our measuring devices are out of calibration, defective, or simply unreliable, we can do more damage to the process than if we’d just left it alone.
We also need to consider the human element in our data gathering processes, humans being the main culprit of variation. For the measurement
phase to be reliable, we need to have extremely low degrees of variation in
the following:
•
•
•
•

Accuracy: The degree of variation in the measurements of a given
device and the actual values of the part measured.
Precision: The degree of variation in the measurement of a given
devices when measuring the same part repeatedly.
Reproducibility: The degree of variation when different operators
measure different parts using the same device.
Repeatability: The degree of variation of one operator measuring
the same part with the same device repeatedly.

In using DMAIC for solving acute problems, you might only have to complete the define and measure phases. Once you define a problem and a
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solution is applied, if it fixes the problem you may not have to complete
the rest of the phases. Measuring the process before and after quantifiably
proves and confirms whether the applied action did indeed fix the problem.

LSS Tools for the Measure Phase:
•
•
•
•
•
•

Checksheets: Measure and locate defects (Pages 173-175)
Process Maps: Flow charts of the existing process
Pareto Charts of CTQs and problems in the process. (Pages
176-177)
TAKT: How much can we expect to produce in a shift prior to
improvement and after improvement is made
Data on process: Gathering of variable and attribute data
Quantification of expected results
• Measuring PONC - CTR
• Measuring Yield (FTY and RTY) (Pages 177-178)
• Measuring for Defects and Opportunities for Defects
(DPU, DPO, and DPMO.) (Pages 179-181)
• Measuring Process Performance – Statistical Quality Control (SQC)
• Control chart – VOP determines if a process is stable and
predictable
• Process capability – VOC determines if a process can hit
specifications

Total Quality Tool - Checksheets
A check sheet can be used for counting defects or as a Standard Operating
Procedure (SOP). An SOP is a predefined process used to complete a task
or resolve a common issue. Well-defined SOPs are useful because they reduce friction and minimize waste. The purpose of an SOP is to minimize
the amount of time and effort it takes to complete a task or solve a problem
effectively. Check sheets that are used for training scenarios and defining
repetitive processes are valuable tools for the improve and control phases
of DMAIC.
Checklisting defines a process that has not been formalized and once a
checklist has been created it’s easier to see how to improve or automate the
system. A checklist also eliminates forgetting to handle important steps
that can easily be overlooked (figure 73).
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A check sheet can test for:
• Mistake-proofing a process- Poka Yoke
• Locating a range of measurements
• Type (attribute or variable) and count of defects
• Causes of defects
• Location of defects
• Verification of completed process steps
• Variables in process that can contribute to the problem:
• Date/time
• Batch
• Machine/process
• Operator/shift
• Environmental (milieu)
Steps in creating a checksheet:
Step 1: Identify the question(s) to be answered.
		
• Select the types of data that can be used to identify/		
		
quantify the answer
Step 2: Identify potential problem areas
		
• Outline the production process variables that are 		
		important
		
• Select type of check sheet based on type of information 		
		
desired (defect counter, defect location, etc.)
Step 3: Create the check sheet
		
• Write instructions on how to complete the check sheet
Step 4: Test check sheet for usability & completeness of data 			
categories
		
• Modify if necessary
Step 5: Deploy check sheet & begin data collection
The attribute defect check sheet below (attribute because it is counting
defects rather than measuring them), is counting the amount of remade
plates over one production week for three shifts (figure 73). If we turn the
check sheet counterclockwise 90 degrees (figure 74), a histogram appears
that graphically displays the predominant reasons why a plate had to be
remade. The chart does not tell us what happened, it just gives us a count
and a reason for the remade plates.
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Figure 73 - Attribute Defect Checksheet
Plate Remakes

6/26/6

Reason

Shift
1

Shift
2

Shift
3

Total

Bent

X

XX

X

4

Scratched

X

1

Cracked
Blinding
Improperly
developed
Wrong imposition

X

6

Wrong size

X

1

Plate wear

X

1

Damaged on press

XX
X

X

XX

X

2

Banding
Dirt
Other

Figure 74 - Histogram of Figure 73 Checksheet
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Total Quality Tool - Pareto Diagram
Figure 75 - The Pareto Principle

Vilfredo Pareto, a 19th century economist, noted that most effects come
from relatively few causes (as in figure 75 showing 80% of effects are caused
by 20% of causes). The Pareto Diagram is the graphic tool used for ranking causes from the most significant to the least significant. Joseph Juran
proposed using the Pareto principle as a tool in the form of a hierarchal
histogram to separate the “vital few from the useful many” (figure 76).
Figure 76 – Pareto Diagram of Plate Remakes by Cause for a One-Month Period
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The Pareto is very useful when trying to filter the signal from the noise, as
it locates the major effects of the problem(s). It also is used to locate the
CTPs.

LSS Yield and Performance Metrics
First Time Yield (FTY)
We cannot just rely on the number of conformance items that come out of
a process because we might miss all the rework and scrap that may have
occurred during production. The goal of LSS is to do things right the first
time and First Time Yield (FTY) accurately measures how well your process works in its actual form without rework or scrap. The FTY is a basic
measure of whether your process is in conformance the first time (or not).

FTY = (In – Scrap – Rework) ÷ In
Express First Time Yield as a %
Where:
• In is the number of items started in the process, (figure 77)
• Scrap is the number of unstable items that end up having to be
thrown out (figure 77)
• Rework is the number of items requiring additional effort to
be in conformance
Figure 77– VDP Process Showing Rework and Scrap Values
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As seen in figure 77, even though 347 of the 352 VDP prints were mailed
successfully to the correct customer, many had to be reworked. The flowchart indicates that 103 of the printed VDP files were not right the first time
and had to be reworked. Despite the rework of the PDF/Data merge, five
of the VDP prints came back to the printer because the PDF/data merge
was incorrect resulting in the name being linked to the wrong address.
The printer did not reprint and threw away the five returned VDP prints
without alerting the customer.
Only 69% of the VDP files made it through the system correctly the first
time. This VDP process is operating at 2 sigma (figure 50). Another red
flag: Why didn’t the printer try to fix the PDF/data merge problem and
reprint the five scrapped prints?

Rolled Throughput Yield (RTY)
How well each process works is not the only question but rather how they
all work together. In LSS, each stage in the system treats the next stage
as the customer, aiming to exceed specifications. In each step of the process, employees know what the customer wants and understand what their
part is in achieving quality. Quality comes from a management system designed to get more from the processes through cooperation than through
individual effort or competition (Deming).
The graphic communication process has several steps before completion
from order intake to billing. Most of our products have numerous specifications that must all be met to be in conformance, with each process having the opportunities for failure or success. Because each process step has
its own FTY, to determine whether the whole process can produce products right the first time, we multiply all FTYs of the processes in the Rolled
Throughput Yield (RTY). RTY tells you how well the entire system works
together and whether it’s producing the final product right the first time
without rework or scrap.
Because variation is additive we must consider and calculate cumulative
effects of variation in each part of the process. Think of it as the worst-case
scenario of variation. The RTY is the probability that a single unit can pass
through all the steps in a process defect-free (Brue and Howes).

RTY = FTY1 x FTY2 ... x FTYn
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Rolled Throughput Yield as a %
FTY1 is the first-time yield of the first step of the process multiplied by the
total process components. RTY is indicated as a percentage of a product or
process being done correctly the first time at each step in the process with
no rework or scrap.
Figure 78 illustrates a purchase order process that’s made up of five individual process steps. What is the RTY of this process?
Figure 78 – VDP Process Showing Rework and Scrap Values

For this purchase order process, the RTY is calculated as follows:
		
		
		

RTY = FTY1 X FTY2 X FTY3 X FTY4 X FTY5
RTY = .75 X .95 X .85 X.95 X.90
RTY = .52 (rounded to the hundredth)

An RTY of .52 means that the chance of a purchase order going through
the entire process the first time with no rework or scrap is only 52% which
translates to just 1.55 sigma (figure 50). Like a chain being only as strong
as its weakest link an RTY can never be greater than the lowest FTY within
the system.

Defects per Unit (DPU)
In a highly capable process all products will be in conformance. A basic
assessment to determine if a process is in conformance is to measure the
total number of defects that occur over a known number of product units
(Brue and Howes). The Defects per Unit (DPU) tells us how often defects
occur in a single unit. LSS defines a defect as a measurable characteristic
of the process or its output that is not within conformance.

DPU = number of defects observed ÷ in
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Express Defects per Unit as a %
DPU tells us that we can expect that _____% of products will have errors
in them.
Example: Your estimating department processed 78 estimates during a
week, of which 24 defects occurred (wrong paper, imposition, etc.). What’s
the DPU for your estimating process during this week?
DPU = # of defects observed ÷ in
DPU = 24 ÷ 78 = .31 = 31%
In this example, you would expect to see defects in one third (31%) of all
estimates produced.

Defects per Opportunity (DPO)
When you need to track not only single unit defects in a process but also
the amount of opportunities for defects or success occurring in a product
or process, you would use the Defect per Opportunity (DPO) metric. A LSS
opportunity is the total quantity of chances for a defect.

DPO = total number of defects observed ÷
(# of opportunities x in)
Defects per opportunity as a #
For every 100 opportunities for success or failure in the process, X number
of defects will have occurred.
Example: Your estimating process has 15 opportunities for success or failure on each estimate. Seventy-eight estimates were processed during the
week of which there were 24 defects (wrong paper, imposition, etc.).
			

DPO = 24 ÷ (15 x 78) = .02

In this example, for every 100 estimates produced, two would have errors/
defects.
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By reducing the opportunities in a process, you are improving the process.
The DPO is a key metric in LSS determining what sigma rating your process is operating under. By designing the process with the least amount
of opportunities for defects to occur, you are intentionally reducing the
opportunity for variation in that process. Eliminating NVA steps in a process or system to just the vital few (absolutely required) is a main part of
LSS breakthrough strategy. Process mapping is a tool to help you eliminate
NVA steps in a process or system. Companies that are striving for LSS
have realized that the net “cost” to reduce defects actually lowers as they
approach Six Sigma because as they dramatically reduce defects they can
also dramatically redirect the resources they currently put into finding and
fixing defects (Brue and Howes).

Defects per Million Opportunities (DPMO)
LSS can be defined as having no more than 3.4 defects per 1,000,000 opportunities. For us to be Six Sigma compliant we need to find how many
defects per million opportunities there are.

DPMO = DPO x 1,000,000
Example: Your estimating process has a DPO of .02. What is the DPMO?
DPMO = DPO x 1,000,000 = .02 x 1,000,000 = 20,000
For every 1 million opportunities for success or failure, the estimating process produces 20,000 defects performing at around 3.5 sigma (refer to Figure 79 – Yield to Sigma Conversion Table). DPMO would need to come
down to 3.4 or less to be Lean Six Sigma compliant.
PPM = DPU x 1,000,000 (parts per million)
Example: PPM is used to refer to contaminants. Suppose .23 grams of pigment are found in 25 kilograms of ink:
PPM = (.23 ÷ 25,000) x 1,000,000 = 9.2
When combined together, LSS yield and performance metrics gauge how
well (or not) your process is performing, flushing out problematic areas in
the process, and provide the DMAIC team potential improvement projects
to take on.
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Figure 79 – Yield to Sigma Conversion Table (Wikipedia)
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ANALYZE PHASE - DMAIC
The purpose of the analyze phase is to evaluate and focus on the highest
CTQ variables and vector in to identify root causes of the defects or problems hindering the process. The main output of this phase is developing
hypotheses on what is causing our problems or what needs to be improved.
The analyze phase is what you complete in box # 4 and #5 in the A3 (developing solution hypothesis and conducting experiments).
The basis of economics, or human nature for that matter, is incentives.
Considering our incentives can help us separate the signal from the noise.
The Scientific Method is used to search for cause and effect relationships
(figure 80). The Scientific Method starts when you ask a question about
something that you observe: how, what, when, why, who, which, or where?
A hypothesis is an educated guess about how things work (e.g.: if I change
the fountain solution, will the toning go away). When testing our hypothesis to see if it is correct, we need to make sure to change only one factor at
a time while keeping all the other conditions the same. For the hypothesis
to be valid it needs to yield the same result repeatedly to ensure that the
final results were not just random events.
Scientific Method:
Figure 80 – The Scientific Method for DMAIC Analysis
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Scenario Planning is the process of systemically constructing a series of hypothetical situations, imagining what you would do if they occurred:
What would I do if……?
Counter-factual Simulation is developing a course of action if hypothetical
events in scenario planning occurs:
		I would do this…..
Note that the Scientific Method requires an action. The hypothesis has to
be tested.
In the Analyze phase we will use probability as a decision maker since 100%
certainty (deterministic) is rare in the real world. If we are uncertain then
we cannot measure the extent of what we know, which often results in making some very scary decisions. However, probability can be measured and is
expressed in terms of risks. The Scientific Method formulates a prediction
based on a hypothesis describing a potential problem. The amazing accomplishment of probability is to put a meaningful numerical value on things
we admit we do not know.
Engineers and scientists use probability for making decisions when faced
with not having all the information on hand and a 90% probability of an
event happening is often good enough for them to move forward. Artificial
Intelligence (AI) uses probability to “think” with computers analyzing hundreds of probable answers to a question and selecting the highest ranking
for a decision/activity. In most cases, LSS aims at a 95% confidence in our
answer to move on and perform the actions required of us (Brue and Howe).
Probability in decision making:
Probability is study of events for which outcomes are random.
• Law of Large Numbers: Clear order comes from random activities by examining the aggregate (random activities repeated
many times).
• Random events are those for which individual outcomes we
do not or cannot know in advance. (Flip a coin just once
and we have no idea how it will land).
• Same event in the aggregate occurs with a specific frequency.
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•

Random happenings will display regularity in the aggregate. (Flip a coin 1 million times we know that it will land
heads up very close to 50% of the time).

Two types of probability:
•

Frequentist: Frequency of which a repeated event occurs.
• Applied to outcomes of actual or hypothetical experiments that
have an element of randomness.
• Law of Large Numbers

•

Conditional: The probability of an event under the assumption of
the existence (or happening or satisfaction) of another event.
• The principle result of experiments or more evidence is to update probability distributions indicating a change in belief
• Bayes’ theorem

Bayes’ Theorem:
The probability that a theory or hypothesis is true if some event has happened.
• Conditional probability relates two different conditional probabilities
• Prior Probability is the initial probability before an event.
• Probability of event occurring as a condition of the hypothesis being true
• Probability of event occurring as a condition of the hypothesis being false
• Posterior Probability is revised probability based on new event
occurring
• Probability updated because of new information/data
In conditional probability, an event’s odds occurring is continually recalculated as new information and conditions are made known, which
increases the accuracy of the prediction.
Conditional Probability Example (figure 81)
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Figure 81– Conditional Probability

There are 52 cards in a deck, 12 are face cards and 6 of the 12 face cards
are red.
What is the probability that you get a face card?
•

P[Face Card]= 12 ÷ 52 = .23 (23%)

What is the probability that you get a face card that is red?
•
•

P[Face Card] x P [Red I Face Card] =
[12 ÷ 52] x [6 ÷12] = .23 x .50 = .12 (12%)

LSS Tools for the Analyze Phase
•
•
•
•
•
•
•

Fishbone Diagram: Determining possible root cause of a problem. (Pages 188-191)
Why/Why: Vectoring in to locate root cause of problem.
Pareto Chart: Identify the few vital problems of the process.
Scatter Plots: Analyzing the strength of correlation between
two variables. (Pages 191-197)
Solution Path: Using scientific methods to predict and test hypothesis of the solution for the problem.
LSS Metrics: Quantification of expected results.
CTR: Ratings of less than 1 means non-conformance issues
are present.
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•
•

Control charts: VOP determines what part of the process
needs immediate attention.
PCS: VOC determines what part of the process is performing
well or needs improvement.

Total Quality Tool - Fishbone/Ishikawa Diagram
The Fishbone/Ishikawa diagram in figure 82 has six headings, each heading listing several possible root causes of a CTP or CTQ problem. After
process assumptions are made the top five potential causes of the problem of improper ink trap are identified. Only the top potential causes are
then evaluated by the opportunity (how likely the cause has an impact on
the problem – high, medium, or low) and by controllability (have control
or influence; have no control or influence). Note that consumables such
as ink and plates have influence for controllability as they are dependent
upon suppliers who are most often outside the process being investigated.
The determination of product conformance of supplier’s products can only
Figure 82– Fishbone/Ishikawa Diagram
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be determined by inspection upon delivery which not everyone does. By
adhering to Occam’s Razor (the simplest solution to a problem is most likely the correct one), causes within our control should be investigated first,
regardless of ranking order.
The “bones” of the fishbone are populated by input from the DMAIC improvement team via brainstorming sessions. The team brainstorms for the
root causes of the CTQ or CTP stated problem (written down in the fish
head) using either the normal or nominal group method.
Normal Brainstorming Technique (NBT)
•
•
•
•
•
•
•
•

Have a brief warm up session
Present the problem
Facilitator invites ideas from group
Participants present their ideas in a free association manner
If no ideas are forthcoming, the facilitator suggests leading
ideas
Facilitator organizes ideas by category when time is called
List is reviewed and clarified
Duplicates and out-of-scope ideas removed

Nominal Group Brainstorming Technique (NGBT)
•
•
•
•
•
•
•
•

State problem clearly
10-minute period of silence; write down ideas
Members convey ideas, one at a time
No discussion is allowed
Ideas are not limited to written list
Continue around – if no idea, member passes
When all members have passed in succession, brainstorming
is complete
Discuss ideas and “vote” on priorities

When to Use the NGBT
•
•
•
•
•

You have vocal members
Members think better w/silence
Some team members don’t participate
You have new members
There are controversial issues
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The Six Headings in the Fishbone for Possible Root Causes:
• Man: Personnel, Human Resources, and training issues
• Machine: Equipment and tools
• Milieu: Environment (physical and cultural)
• Materials: Consumables
• Methods: Systems and processes
• Measurement: Instruments, specifications, tolerances, data
collection
How to utilize the Fishbone diagram:
• Categorize and rank each possible root cause by:
• Opportunity (high, medium, low)
• Controllable (have control or influence; have no control or
influence)
• Develop plan to gather data on suspected causes
The Advantages of the Fishbone Diagram:
• Helps organize and relate factors
• Provides a structure for brainstorming
• Focus on causes, not history
Things to Consider When Using the Fishbone Diagram
• Might become very complex
• Requires patience
• Does not rank the causes in an if/then manner

Total Quality Tool - The Why/Why Diagram
After the team takes the top five potential root causes of a problem derived
from a Fishbone diagram, they can conduct a Why-Why exercise (figure
83). A problem is stated, then potential reasons for the problem are offeredfollowed by another question for each answer until a most likely root
cause is identified.
As you can see, we can continue asking questions such as why the pressman didn’t want to do a color wash (maybe because he was lazy), or why
the plate emulsion was defective (perhaps a new untested batch of plates
or a new box was opened). While some of the statements are terminators,
meaning we do not have vector in more, we can act on what we now know
or change the blanket to determine if it was the root cause of the ink trap190

ping issue in this case.
Figure 83 – Why/Why Diagram

To locate the root cause of the problem, you must define it. Like a detective
trying to solve a case, interviewing the stakeholders (employees, management, customers, suppliers, etc.) is one of the first things you will do in
a root cause analysis. Ask the questions below in a passive voice (assure
people this is not a punitive exercise) to effectively interview people for
root cause analysis:
1) What happened?
2) When did it happen?
3) What area was affected?
4) Who was affected?
5) Are there records/data available that might help locating the problem?
6) Are there procedures in place that were either followed or missed?
7) Is there anything else you think I should know or investigate further?

Total Quality Tool – Scatter Plots
A scatter plot is a graph showing the correlation between two variables
measuring the effect one variable has on another (bivariate). The independent variable is the cause and is represented on the x-axis. The dependent
variable is the effect and is represented on the y-axis. Despite throwing out
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terms such as cause and effect, the scatter plot determines the relationship
of the two variables only, not root causes of problems.
A positive correlation occurs when the higher values of one variable are
associated with higher values of the other variable and as such they rise together (figure 84). Likewise, a negative correlation occurs when the higher
values of one variable are associated with lower values of the other variable
which means that as one goes up the other goes down (figure 85). A neutral correlation occurs when the values of one variable have no perceivable
relationship with the other variable, so the data points are scattered randomly in the chart (figure 86).
Using regression analysis, one can attempt to determine how much of an
effect one variable has on another. A regression analysis utilizes the Pearson Correlation Coefficient (r) that measures the strength of the relationship of the two variables. If a high correlation exists, one can predict future
effects under similar circumstances. Correlations range from extremely
strong to weak.
Pearson Correlation Coefficient (r) Interpretation:
				Negative Slope		Positive Slope
Extremely strong correlations
for values:			
-.75 to -1.0
.75 to 1.0
Strong correlation for values:

-.50 to -.75 		

.50 to .75

Fair to negligible correlation
for values:			

-.25 to -.50 		

.25 to .50

Weak, if any correlation:		

.00 to -.25 		

.00 to .25

A trend line is drawn through center of data points to visually represent
the correlation coefficient and slope (rate at which trend line rises or falls:
positive, negative, neutral). The y-intercept is where the trend line runs
into the y-axis. A scatterplot with trend lines can be easily created in Excel
with plug-ins available for regression analysis or through Minitab
How to interpret a scatter plot:
Eyeball technique
• Plot x-axis: Independent variable (CAUSE)
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•

•

Plot y-axis: Dependent variable (EFFECT)
• Estimate centerline (trend line): Draw a line through center of data points.
• Estimate boundaries (consider outliers, but don’t necessarily include them).
• Y-intercept: Point where trend line intercepts y-axis
Slope: Rate at which linear or nonlinear trend line rises (positively, negatively, neutrally)
• Is there an apparent correlation?
• Make predictions.

Regression analysis (software)
•
•
•
•
•
•

Plot x-axis: Independent variable (CAUSE).
Plot y-axis: Dependent variable (EFFECT).
Determine trend line: Line is displayed through center of data
points.
Y-intercept: Point where trend line intercepts y-axis
Slope: Rate at which linear or nonlinear trend line rises (positively, negatively, neutrally)
Determine Correlation number: A measure of the strength of
relationship.
• Is there an apparent correlation?
• Can you make predictions
Figure 84 – Scatter Plot Showing Positive Correlation by Slope
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Figure 85 – Scatter Plot Showing Negative Correlation by Slope

Figure 86 – Scatter Plot Showing Neutral Correlation by Slope

Figure 87 shows the relationship between the date a flexographic plate was
made and the 50% tonal value increase (TVI) experienced on the gear side
of the flexo plate. Using the eyeball technique we can determine that there
is no noticeable slope nor proof of any correlation. A Pearson Correlation
Coefficient of -.060 means that if there is a correlation, it is weak (sample
date being the independent and 50% TVI gear side being the dependent).
The trend line indicates that no matter what date the plate is made, it has
no effect on TVI outcome; the average 50% TVI on the gear side is 70%
regardless of when the plate was burned.
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Figure 87– Date/50% TVI on Gear Side Correlation

Figure 88 – Middle Relief/TVI on Gear Side Correlation

Figure 88 shows the relationship between the relief in the middle of a flexo
plate (the independent variable) and the tonal value increase on the gear
side of the printed piece (the dependent variable). By just using the eyeball technique we can clearly see a strong, positive slope which suggests a
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strong positive correlation between the two variables. A Pearson Correlation Coefficient of 0.97 confirms this observation. Although we cannot
conclude any causation with the given data, this strong, clear relationship
can be used as a predictor. For instance, we could predict (97% probability) that a plate with a middle relief of 0.23 would have a gear side TVI of
about 82%.
Figure 89 – Impressions to Dollars Correlation

Figure 89 is a scatterplot used to illustrate the strength of the correlation
between print impressions consumed by a specific customer type and the
costs tied with those impressions. There is a strong and positive correlation between the amount of impressions ordered to the dollar amount
consumed by the customer (Pearson Coefficient of .787). We can therefore
predict (78% probability) that as impressions consumption goes up, costs
to the organization could also increase (500,000 impressions cost $15,000).

IMPROVEMENT PHASE - DMAIC
The purpose of this phase is to develop, test, and implement solutions to
improve a process. As previously noted, improving a process is not accomplished by fixing a problem so that it returns to a stable state. Even though
fire-fighting/crisis management activities are bound to occur, they do not
improve a process, but simply reacts to a problem in order to bring the
process back to “normal.” Improvement means that you are controlling and
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reducing common cause variation in the process, not eliminating special
cause variation.
A LSS improvement project should have one or more of the following
objectives (Brue and Howes):
•
•
•
•
•
•

Reduce variation and eliminate defects in a process.
Eliminate scrap and rework.
Improve customer satisfaction.
Reduce lead time: Get the products to the customer quicker
(VOC).
Reduce production costs and improve process performance
(operational efficiency).
Reduce cycle time: Reduce production process time (VOP).

Engineering actions and terms used in the improvement phase:
•
•
•
•
•

Cessation: Improving the system by not doing as much.
Resilience: Flexibility of a system to handle anything without
failing.
Fail Safe: A back-up system designed to prevent or allow recovery from a primary system failure.
Stress Testing: Identifying the boundaries of a system by simulating specific environmental conditions (what would it take
to break the system?).
Gall’s Law: A complex system that works has invariably
evolved from a simple system that worked. The inverse proposition also appears to be true: a complex system designed from
scratch never works and cannot be made to work. You must
start over, beginning with a simple system.

LSS Tools for the Improvement Phase:
•
•
•
•
•

List of significant factors/root causes.
Define the solved state and the solution path.
Process Mapping: Flow charts of process after improvements
are made.
Check Sheets: Standardizing for efficiency and for mistake
proofing.
TAKT: How much can we expect to produce in a shift prior to
improvement and after improvement.
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•
•
•
•
•

LSS metrics: Quantification of expected results.
Control charts: VOP determines if a process is stable and predictable.
PCS: VOC determines if a process can hit specifications.
DPU, DPO and DPMO: Observing Defects.
FTY and RTY: Observing Yield.

Both the Toyota Production System (TPS) and LSS provide clear, practical
methods that we can draw upon in our improvement efforts (see Chapter 5
for TPS and Lean improvement tools and terms.) First, we should go after
the low hanging fruit, or those improvement activities that are the easiest
to implement. Often these obvious improvement activities bring about immediate quantifiable results and drive the process to flesh out more complex improvement activities.

CONTROL PHASE - DMAIC
The purpose of the Control phase is to sustain efforts made in the improvement phase and to make sure the process does not veer away from set improvement goals. In this phase, control (VOP) and specification (VOC)
limits are established and maintained for any future samples taken from
the same process running under the same conditions.

LSS Tools for the Control Phase
Quantification of sustained improvement:
•
•
•
•
•
•
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Control charts: VOP verifies process remains stable and predictable
PCS: VOC verifies that the process can hit specifications
DPU, DPO, and DPMO: Observing defects (increased sigma
rating)
FTY and RTY: Observing yield (products and services done
right the first time)
CTR – a rating of 1 means you are conforming to requirements
FMEA – evaluates the severity, probability of occurrence, and
the ability to control failures and its effects

A3 Methodology
Used extensively in the medical and manufacturing industries, A3 combines elements of Solution Engineering and DMAIC into an output of a
brief presentation and a summary of the nine A3 steps (figure 90) printed
on an A3 sized sheet of paper (11.7” x 16.5”), the European version of our
11” x 17” standard ledger size sheet. Although we will be using 11” x 17”
size mounted board we will still refer to the methodology as A3.
The A3 method allows multiple improvement teams to report their progress
and results of their improvement efforts. It helps compress presentations,
keep things on track, and is also a printed record of past improvement
projects since data and the seven quality tools and metrics are displayed in
the appropriate space on the A3 matrix. After the improvement team completes their presentation to their champions and managers, the printed A3
is posted where everyone in the company can see the path from defining
the problem to implementation of the improvement efforts.
Figure 90 – The A3
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In A3, the Define phase is entered into box 1 (defining the problem) and
box 2 (understanding the current state). Improvements of the current state
defines your ideal or solved state which is box 3 (visualizing the ideal state).
The Measure phase is entered in box #4 (root cause analysis). The Improve
phase is entered in box # 7 and #8 (evaluating results and implementing
the best ideas). The Control phase is entered in box # 9 (institutionalizing the change). A3 is the graphic display for reporting the efforts of your
improvement project- as a printed display, a Powerpoint presentation, or
both.
Figure 91– Completed A3 Examples
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Case Study : The Butterfly Effect – Cause
or Causality? (Psychologenie)
The breakthrough discovery
by meteorologist Edward Lorenz was popularly known
as the Butterfly Effect, which
stated that something as
small as a single flap of a butterfly can cause a big change
in the weather elsewhere.
Lorenz concluded that the flap of a butterfly’s wing in Brazil can
affect a tornado in Chicago. The butterfly in Brazil does not directly
cause the tornado. A flap is simply a change in the present state,
which can potentiality give rise to further events.
The same principle applies in managing for quality as simple perturbations in a system can escalate into
big problems later. Solution engineering tells us to take the concept of
causality with a grain of salt; not all
problems have a direct cause and not
all causes can be corrected. However, determining the relationship of
correlation between variables is an
indispensable measurement when
managing for quality.
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Case Study - The Space Shuttle
Challenger Disaster
It’s funny how you remember some things in your life so vividly it
seems like they just happened yesterday. The Space Shuttle Challenger disaster is one of those memories for me because it affected
my life profoundly in so many ways.
Challenger was slated to launch from Cape Canaveral, Florida, on
January 28, 1986 at 11:39 a.m. I was among millions of Americans watching live TV as the first American civilian, a 38-year-old
female teacher named Christa McAuliffe, would be launched into
space by NASA. With 24 successful launches already completed
(sometimes 2 in a single month), a shuttle launch was rather routine by this time, so it was a little bit random (especially at 18 years
old) that I was tuned in to the Challenger launch on that fateful
Tuesday.
I had always been fascinated with rockets/space. I had firsthand
knowledge of the
status of the
Space Transportation
System (aka
Space Shuttle) through
my dad who
worked thirdhand
on
NASA projects
at Vandenberg
Air Force Base
(VAFB)
located on the
central coast
of California.
When the first shuttle Enterprise landed at VAFB in 1977 I was
there as a 10-year-old boy (see photo insert).
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It was bitterly cold that day in Florida with temperatures close to
30° F and I remember the talking heads on TV joking about the
freak cold as we viewed film of ice hanging from frozen oranges on
trees close to the launch site. I thought that was weird and remember wondering whether freezing temperatures might adversely affect the launch.
What the average American was not aware of at the time (but NASA
knew) was that the Shuttle was never certified to operate in temperatures that low and there were known systemic issues with the
O rings on the two Solid Rocket Boosters (SRB). The two boosters
serving as the primary propulsion rockets for the vehicle were made
by Morton Thiokol in Utah, shipped to Florida in five sections, and
later assembled at launch site. Within the five sections, 500,000
kg of liquid rocket fuel was sealed by 38 feet of 1/4” thick rubber
O rings between each section. Failing O rings could cause fiery
gas to escape potentially causing catastrophic failure to the vehicle
and in previous shuttle launches the O rings moved and damaged
the metal around the sections (a detail that became publicly known
after the disaster). In previous launches, however, since the O rings
“miraculously” did not appear to leak, NASA considered this to be
an acceptable risk. What no one knew was how freezing temperatures would affect the O rings.
Those concerned about the low temperatures were the Morton
Thiokol engineers, so much so that they all agreed to scrub the
launch until temperatures reached at least 54° F, the lowest temperature of any previously tested shuttle launch. Before a launch
could commence, each engineering shuttle division had to give
their approval to ensure that all responsible parties were in consensus for “go” with the launch. If a division had concerns significant
enough, theoretically, they had the power to stop or delay a launch.
It was not uncommon for NASA to scrub (postpone) a launch (18
prior to January 1986) but pressure from outside forces was upon
NASA. Then President Ronald Reagan was expected to highlight
the milestone of the first American civilian in space the next day at
his State of the Union speech – and the media was growing tired of
delays and postponements of shuttle launches.
The Morton Thiokol executive in charge was Robert Lund, vice
president of engineering. In what has become an infamous ex203

change (and the topic of this case study) was the call from to Lund
from Lund’s boss Jerald Mason. Mason was bowing to pressure to
green-light the launch from NASA and was frustrated with Lund’s
decision to postpone the launch. Mason was telling Lund to take off
his engineering hat and put on his management hat, to stop looking
at facts and think about the political and economic fallout if the
launch was not approved. To think like an engineer is to focus on
people rather than things, to think like a manager is to focus on things
rather than people. Lund eventually caved in and gave his approval,
overriding the recommendation of the majority of his engineering
crew not to launch.
What transpired is an American horror story. At an altitude of
65,000 feet, the Shuttle exploded into a ball of fire, gas, and debris.
Designed with no contingencies for escape, the crew’s cockpit was
ejected from the ball of gas which can be clearly seen by videos of
the explosion. Later, investigators were mortified when they discovered that several astronauts had put on their oxygen masks after
the explosion thus providing evidence that many, if not all of the
astronauts survived the initial disintegration of the Shuttle and died
either during the two and half minute fall to Earth or when the
cockpit hit the Atlantic Ocean at 207 MPH at 200 Gs.
Those of us watching in real-time knew that the shuttle was destroyed but many of the people in the stands (including Christa
McAuliffe’s parents, husband, and children) watching first-hand
without the benefit of video replay, were confused and unsure
about the status of the launch. After 15 minutes or so, crowds were
informed that the Challenger was lost to a catastrophic failure.
Teachers across the nation were left to address the trauma experienced by millions of schoolchildren – the majority of the live TV
viewing audience.
The root cause of the Challenger disaster was sealing failure of the
O rings which became brittle due to low temperatures and displaced due to high pressure. The breach in the O ring acted as a
blow torch to the metal skin of the External Fuel Tank (EFT). Once
the torch blew through the EFT it transformed the shuttle into a
ball of fire and gas. The disaster grounded NASA for two years
costing the organization billions of dollars in tangible costs and inestimable dollars in intangible costs. To its credit, NASA changed
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its protocol to ensure that those needing to make hard decisions are
free to do so without overt influence, political or otherwise, or fear
of retribution.
Ours was one of many
families that felt the
effects of the disaster
up close and personal.
NASA mothballed the
3-billion-dollar plan
to launch shuttles at
VAFB (see insert photo) and within days
contracts were pulled
with 20% of the workforce at VAFB either
laid-off or assigned to
other contracts. My father and brother, both
working for NASA
contractors, were laidoff and although my
brother found employment in Northern California, my dad never
recovered professionally or financially. After working odd jobs and
allowing his health to decline, he died a few years later from complications with diabetes at the age of 64.
Had the shuttle program proceeded as planned, Cal Poly, SLO, and
UCSB were slated to be the MITs of the West. Surrounding towns
around VAFB like Lompoc, Vandenberg Village, and Santa Maria
took decades to recover from the effects of the Challenger disaster.
Whether first-hand, or trickle-down, all this pain and anguish was
the result of pressure being applied to think like managers instead
of engineers; to put things above human safety. When the time
comes and you are responsible to make a hard decision, I hope you
think like an engineer rather than a manager.
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Chapter 8

LSS Application for GRC
Having covered all seven Total Quality Tools, DMAIC, LSS metrics, measuring and analyzing the VOC, and VOP, the next step is to complete an
improvement or opportunity project using Lean Six Sigma (LSS) methodologies. Opportunity projects address untapped resources with the intent
to increase revenue for the organization and are more strategic in nature.
Figure 92 – DMAIC as a Continuous Cycle With PDCA

If we consider the DMAIC process to be a continuous cycle like figure 92,
while we enter the control phase of one project we can move on to the define phase of another process. Realize that we never really exit the control
phase; the control phase simply means that we are monitoring the process
so it does not go back to the problem state. That being said, once we reach
the control phase, the team can consider taking on another improvement/
opportunity project, but only after the existing project can be safely “put
to bed.”
While the DMAIC methodology is usually performed linearly, meaning
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that you do not go to the next phase until the previous phase has been
completed, most day-to-day problems can be solved using just the DM or
DI phases. The Andon Cord is an example of this: it can be pulled up to
5000 times a day in a Toyota assembly line, meaning the problem that surfaces is quickly remedied by a solution that is solved by the employee or a
team of employees via a KB. If the problem becomes chronic then a formal
DMAIC improvement/opportunity project would be conducted to correct
the problem and bring the process back to stability.
Once you have completed and reported the results of your first project, you
can personalize your own method for the next project until you develop
your own way of solving problems and improving processes. Just remember that all LSS projects that seek to improve or create an opportunity must
show quantifiable proof that project(s) saved money, improved efficiency,
or raised revenue.
Before you attempt to perform a DMAIC or an A3 where you will be held
accountable for achieving measurable results, do yourself a favor and locate
a certified LSS Blackbelt who can mentor you through the process. Search
Linked In for a list of LSS Blackbelts who are familiar with the graphic communication industry and ask if they would mentor you on your first project. A professional LSS mentor will steer you in the right course, hold you
accountable and assist you in deciphering data. If you cannot locate a LSS
mentor, you can use this chapter to assist you in completing your first LSS
project.
While there is no textbook way to perform a DMAIC or an A3, I can
recommend actions and tools for each phase that will assist you in your
first LSS improvement/opportunity project. While not exhaustive by any
means, the following will give you a good start on your project.

LSS Actions and Tools to Use in the Define Phase
Actions

Tools

Fill out a SIPOC for the process

SIPOC of the actual state

From SIPOC identify all key stakeholders

SIPOC of the actual state

if a full DMAIC is required create
a cross-disciplinary team consisting of identified stakeholders

SIPOC of the actual state
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Actions

Tools

• Have team develop a definition
of the problem (not the solution)
• identify the actual state.

SIPOC of the actual state

Review available data/metrics
to support the definition of
problem and the actual state.

SIPOC of the actual state

•Draw a Flowchart of the actual state
• Interview pertinent nonteam member stakeholders

Flowchart of the actual state that
mirrors the P column in the SIPOC

• Team develops the ideal state
(what a problem-free process
would look like or if the opportunity was implemented).
• At this point describe the
ideal state, rather than locate root cause(s).

Flowchart of the ideal state

Team develops BHAGs
that can be measured

Set BHAGS: Metrics set at least 40%
for improvement or 40% increase in
revenue for opportunity projects

Develop hypothesis for the ideal
state and determine testing methods.

Scientific Method

Draft a FMEA to identify
CTP and effects of failure.

FMEA

LSS Actions and Tools to Use in the Measure Phase:
Actions
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Tools

Develop VOC survey to investigate
current state and GAP analysis

Kano Analysis

Develop Checksheet to count/locate
defects and gather data to assist
in filling out root cause analysis

Checksheet

Identify what needs to be focused on (CTP and CTQ)

Pareto Charts

Measure NVA in actual state

Flowchart of actual state

Identify cycle time and
pace of production

TAKT

Identify constraint and bottlenecks in actual state process

TOC

Determine how much the organization is losing because of
poor quality in the actual state

CTR

Determine defect rate of actual state

DPU, DPO, DPMO

Actions

Tools

Determine yield rate of actual state

FTY/RTY

Determine stability of the VOP

Gage RR, Control ChartsXbar/Rchart, Xbar/mR

Determine capability of
process to hit VOC

PCS- Cp/Cpk, Pp/Ppk

LSS Actions and Tools to Use in the Analyze Phase:
Actions

Tools

Analyze all data from the measure
phase using it as a starting place
for your root cause analysis

Check sheets, Pareto Charts, TAKT,
TOC, CTR, DPU, DPO, DPMO,
FTY/RTY, Control Charts, and PCS

Perform root cause
analysis of actual state

Fishbone, Why/Why,
Affinity Diagram

Identify CTP in the VOP
and CTQ in the VOC

House of Quality

Measure strength of correlation
between two variables in the process
as identified in the Pareto Chart

Scatter Plots

Determine ideal state metrics

TAKT, CTR, DPU, DPO, DPMO,
FTY/RTY, Control Charts, and PCS

Formulate hypothesis for improvement

Scientific Method

LSS Actions and Tools to Use in the Improve Phase:
Actions

Tools

Define Root Cause

Fishbone, Why/Why,
Affinity Diagram

See chapter 5 for TPS and LSS
Improvement suggestions for
ways to improve your processes

Brainstorming, Affinity Diagrams,
Design for One-Piece Work flow,
Heijunka, Line Balancing, TAKT,
Kanban, Push vs. Pull Strategy, Genchi-Genbutsu, Jidoka, JIT, Kanban
Board, Mieruka, Poka-Yoke, Checksheets, Shojinka, Soikufu, 5S, TOC

Define of ideal state
and solution path

SIPOC of ideal state, Flowchart of
the ideal state, Scientific Method

Compare actual to ideal metrics

TAKT, CTR, DPU, DPO, DPMO,
FTY/RTY, Control Charts, and PCS

Compare ideal to BHAG;
act on the gaps

Kano Analysis
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LSS Actions and Tools to Use in the Control Phase:
Actions

Tools

Design SOPs for data collection

FMEA, Checksheets

Design sample-taking methods

Systematic, random

Test process for performance

TAKT, CTR, DPU, DPO, DPMO,
FTY/RTY, Control Charts, and PCS

Develop checksheets to
maintain stability

Checksheets

Send out VOC surveys to
monitor improvement and to
gauge customer satisfaction

Kano Analysis

LSS Actions and Tools to Use in Process Control for GRC Equipment
All processes has to be stable and capable in order to achieve quality. So if
you have not measured the VOP and VOC of your processes you are flying
blind. This may explain why you have rework and scrap in your processes,
you do not know what is going on in the process.
Actions
Determine if
measuring gauge is stable

Tools
Gage RR

Print out contract proof for
customer, once approved take
SIDs or L*a*b* readings from four
color swatches on the press sheet
Perform run, taking systematic random samples to
achieve 100 data points

Systematic sampling

Measure VOP to determine if
special cause variation is present

Xbar/Rchart- in Excel sheet

Measure VOC to determine if
process can hit customers tolerances

PCS in excel sheet

Figure 93 and 94, are Excel spreadsheets were created to measure VOP and
VOC of a color production printer. Since most of us would prefer stable
and capable color printing devices, color process control is a good start
into the foray of LSS. VOP stability is determined by a Xbar control chart;
VOC capability is determined by Cp and Cpk. VOC targets are based on
readings from a signed contract proof printed on the device you are measuring. Simply input your SID or L*a*b* readings sub-grouped in 4 (total
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of 100 data points) into the VOP spreadsheet to determine if your color
printing resource is stable and capable.
Figure 93– VOP Spreadsheet for Color Process Control

Figure 94– VOC Spreadsheet for Color Process Control
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The Excel Spreadsheet is free upon request on the printisalive Google
Drive, please email printisalive@gmail.com to request access.

Other Applications of LSS for GRC
Want to Do
Lead a branding project:
Marketing, logomark, tag line, etc.

LSS Methodology to Use
VOC Kano Analysis to
determine imagery and text that
specifically represents values of
the brand organization (from
the view of the customer).
Brainstorming and Affinity
Diagrams for internal stakeholder
interpretation of the VOC survey
Perform daily or weekly Kaizen
Blitzes with creative and production staff in order to come up
with three or four best ideas
Comp the actual and ideal
branded state for presentations
Use the A3 or DMAIC outline
in developing your final presentation to the organization
After branding has been implemented, conduct another
VOC survey and focus groups
to gauge improvement achieved
through branding efforts
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Want to Do
UX/UI App design

LSS Methodology to Use
VOC gathering devices to
hone in on App idea
Loosely follow the DMAIC methodology for outlining and prioritizing
activities in designing the App
Use HOQ, Affinity Diagrams,
Fishbone, and Why/Why to define
CTP and CTQ core functionalities
Assign BHAGs and ideal state
metrics to benchmark productivity and efficiency
Create a flowchart every step and
scenario of the App process with
terminators, process steps, decisions, and other applicable nodes;
define VA and NVA activities
Create a flowchart of the design of the database
Affinity Diagram to map
UX and UI functionality
Use checklist for research
and building the App
Insert Poka-Yoke and Jidoka into every possible CTP
and CTQ decision point
Follow Gall’s Law and other
engineering principles (chapter 7)
in designing and testing the App
Mine App analytics to compare
actual to ideal BHAGs metrics
Continue on PDCA cycle until
App is considerred “functional”

213

Want to Do
Managing an
under-productive employee

LSS Methodology to Use
Define job duties, expectations,
and barriers to quality using
Affinity Diagrams
Insert a Personal Kanban so the
employee and the manager can
gauge and prioritize work flow
Use Shojinka, Soikufu, Mieruka,
and Genchi-Genbutsu to empower and assist employee
Design and implement a checklist
for CTP and CTQ processes
Remove barriers from
employee’s workplace and work flow
Use internal motivation extensively to empower employees

Track productivity and revenue

Make data entry an integral
part of your work flow; if possible automate data entry
Design checksheets for
frequency and location of
attribute or variable defects
Track DPU, DPO, DPMO,
Sigma Level, FTY, and RTY in
productivity spreadsheet
Use a Pareto Chart to identify the
vital few defects that are causing
the majority of quality failures
For productivity metrics use % of
output/input and % deviation from
month to month or year to year
Filter raw data into a mR control
chart to gauge performance and
to locate special cause variation
Use the CTR as a
metric of revenue performance

214

Want to Do
What do you want to do?

LSS Methodology to Use
List the steps and LSS
methodology you will use to
get where you want to be
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While this book is an introduction and overview and obviously not an exhaustive treatise, I hope your interest in Lean Six Sigma has been piqued.
I highly recommend the resources listed below for a more detailed and
thorough explanation of all the Lean Six Sigma metrics, tools, and DMAIC
phases (along with their expected deliverables).
•
•
•
•

The Lean Six Sigma Pocketbook / Michael George, David
Rowlands, Mark Price, and John Maxey
Six Sigma, the McGraw-Hill 36-Hour Course / Greg Brue and
Rod Howes
The Six Sigma Way Team Fieldbook / Peter S. Pande, Robert P.
Neuman, and Roland R. Cavanagh
Understanding Variation / Donald J Wheeler (SPC Press, 2nd
Edition 2000)

Gordon Rivera is graphic communication lecturer at California Polytechnic University, San Luis Obispo, and supervisor of Campus Graphics, an
inplant provider of traditional and digital media for Allan Hancock Community College in Santa Maria, California. He is a certified Lean Six Sigma
Black Belt and a G7 Print Professional. He can be contacted at gorivera@
calpoly.edu or printisalive@gmail.com.
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LSS Formulas

FOD = 1 - (# of defects ÷ Opportunities for defects) x 100
CTR = POC ÷ (POC + PONC)
Cycle Time = Work in Process (WIP) ÷ Throughput
Lead Time = WIP ÷ Average Completion Rate (ACR)
TAKT = Total Net Time Available ÷ Customer Lead Time
Average Completion Rate in Days (ACR) =
∑ of Total Flow Time ÷ # of Jobs
Average # of Jobs in the System (AJS) =
∑ of Total Flow Time ÷ ∑ of Processing Time
Average Job Lateness (AJL) = ∑ of Late Jobs ÷ # of Jobs
UCLxbar = Xbar + 3σ
LCLxbar = Xbar - 3σ
UCLmR = 3.27 x mRbar
% of Gauge Error = [5σ+ 2(SR* - Xbar) ÷ (USL - LSL)] x 100
Cp = (USL-LSL) ÷ 6σ
Cpk = the minimum of either: (USL - Xbar) ÷ 3σ or (Xbar - LSL) ÷ 3σ
Cp < 1 & Cpk < 1

not capable; process is too
wide to fit
Cp > 1 & Cpk > 1
capable; process will fit and
has room on both sides to fit
Cp > 1 & Cpk < 1
not capable; process can
fit, but is not centered so it
crashes into one side of the
specification limits
Locate STDDEV (σ) on Control Charts = (UCL - Xbar) ÷ 3
Sigma Level = 3*Cpk
ZLSL = (Xbar – LSL) ÷ σ LUT as %
ZUSL = (USL – Xbar) ÷ σ LUT as %
FTY = (In – Scrap – Rework) ÷ In
RTY = FTY1 x FTY2 ... x FTYn
DPU = number of defects observed ÷ in
DPO = total number of defects observed ÷ (# of opportunities x in)
DPMO = DPO x 1,000,000
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