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PREFACE

rowing an already sizeable com-
pany isn’t an easy feat, and it’s even more difficult to do on a sustainable
basis. Two avenues exist: you can grow from the outside through mergers
and acquisitions (M&As), or you can grow from the inside through organ-
ically engineered innovation. The problem is that both approaches tend to
fall short of expectations, even when used in combination.

Leaving the problem of M&As to others, we wrote this book to address
and ameliorate the problems with organic growth. What are the barriers to
organic growth and how can they be surmounted? Where are the pitfalls and
can they be avoided? What are innovation’s misconceptions?

We worked with a company in the tea business that believed in gener-
ating a lot of ideas. After numerous sessions, the company had more than
7,000 new ideas for innovation. A year later, only two of those ideas reached
the implementation stage, and both failed in the marketplace.

Two-time Nobel Prize winner Linus Pauling once said, “The way to get
good ideas is to get lots of ideas and throw the bad ones away.”

One of innovation’s misconceptions is that the more ideas you have, the
more likely you are to innovate. You'll see in this book why this mentality
might work for a basic researcher like Pauling but not for a corporation that
needs to consistently meet growth targets. A lot of companies are good at
coming up with new ideas, but few know how to vet them wisely, develop
them efficaciously, and commercialize them profitably.

Success with organic growth takes a lot more than ideas, or even great
ideas. It takes galvanizing leadership and a sustainable growth engine. It
takes deep understanding of key concepts and a robust managerial process. It
also takes a groundswell of employees who can skillfully apply all the neces-
sary techniques and tools of innovation—not just the mind-expanding ones.

Xiii
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This book is for those who are interested in the big picture of organic
growth and want to become innovation-elite organizations, as well as for
those who need to execute a single innovation project. Read the Introduction
if you want a practical framework for making innovation predictable and
sustainable in your organization—and in the process discover the reasons
most growth initiatives fail to produce their intended results (we want you
to avoid them).

Then we've organized 55 useful techniques into four parts that follow
a repeatable innovation process we call “D*” (Define-Discover-Develop-
Demonstrate). We don’t cover any one of these techniques in depth, but
we do provide a consistent overview of each, then spell out the steps in-
volved in applying each, illustrating with nonproprietary examples. When
what we give you is insufficient for mastery, we refer you to other books and
resources.

The real inspiration for this book came while teaching innovation to
clients and workshop attendees who kept asking, “Where can we get all these
techniques in one place?” We listened time after time until we had something
of an epiphany. The answer was “nowhere,” and for good reasons.

For one, many techniques in this book are entire fields in and of them-
selves with their own dedicated texts and tomes. For another, they come
from the opposing domains of right-brain creativity and left-brain analyt-
ics. Yet symbiotically, even paradoxically, techniques from both of these
domains are needed to enable the innovation process and achieve organic
growth on any scale.

Maybe pulling these techniques together doesn’'t make us innovation
pioneers. But we do know this about ourselves: we perform the hard work
of putting substance into what people say—in this case “innovate or die.”
We certainly hope you'll agree that there is enough substance in this book
to move an innovation mountain in your organization, making rebirth and
invention an everyday event, not an unexpected surprise.

Whatever you do, don’t ever think that innovation is somehow uncon-
trollable or mysterious, or the birthright of just the gifted few. Innovation is
for everyone.

DAVID SILVERSTEIN
PHILIP SAMUEL
NEIL DECARLO



ACKNOWLEDGMENTS

lients always ask us “Who should
be responsible for innovation in an organization?” The easy answer is
“Everyone!” An organization that creates a climate for innovation welcomes
and values every individual’s unique contributions—ideas, observations,
customer insights, even constructive criticisms.

Because we like to practice what we preach at BMGI, we viewed this
book as an opportunity to involve the entire company in what was, in itself,
an innovative approach to writing a book. From our master consultants,
many of whom contributed their expertise, to our global staff, everyone was
invited to share their knowledge. As a result, we have a long list of people
who we would like to acknowledge and thank for their time, counsel, and
contributions.

First and foremost is Debra Jennings, who wrote and edited large por-
tions of the manuscript, transforming a formidable variety of inputs into
their final form. We can’t say enough about Debra’s incredible talent, tenac-
ity, and wisdom. There is no question that without her, this book would not
exist. You have our deepest thanks, Deb, for your incredible and impeccable
work!

Next, we'd like to offer our sincere appreciation to several people who
not only drafted or contributed to one or more techniques in this book, but
who also stepped forward to help with examples and research. These indi-
viduals are (in alphabetical order) Riaan Brits, Liz McArdle, David McGee,
Rishab Rao, Steven Ungvari, and Don Wilson.

Countless thanks go to the many other contributors who compiled and
drafted techniques in this book, in addition to their normal teaching, con-
sulting, and mentoring. These contributors are (in alphabetical order) Lee
Adanti, Cynthia Bloyd, Jorge Garcia, John Gaul, B. J. Goclowski, David

XV



XVi ACKNOWLEDGMENTS

Hermens, Randy Herrera, Tom Jones, Kevin Kelleher, Russ Kiehl, Larry
Kosta, Paul Massey, Scott McAllister, Jill Mead, Cary Paulin, Ed Pirino,
Michele Quinn, Luis Ramirez, David Rasmusson, David Rasolt, George
Rommal, Vince Ruscello, Joanne Sauvey, Christina Schlachter, Naresh
Shahani, Renee Snell, Chris Taylor, Luc Vander Beken, Wes Waldo, Brian
Watson, and Don Wood.

A thank you goes to graphic designer Colin Moore, whose more than
100 graphics made this book considerably more informative and stimulating.
We're also grateful to illustrator Scott Stoddard, who created delightful and
memorable illustrations and cartoons for several techniques. And thanks to
BMGT’s general counsel Marc Pappalardo for his thorough legal review of
the book’s many techniques and examples.

Still others contributed in additional capacities. Wendy St. Clair helped
formulate the book’s early outline, and Shari Cashman created the book’s
marketing and promotion plan along with Wendy. Then Kimberley Carring-
ton and Melissa Madtson put their skills to work in helping format and check
the manuscript for accuracy.

We'd be remiss to forget all the staff at John Wiley & Sons, especially
those with whom we worked closely. Our editor Richard Narramore was
an incisive guide for us, keeping us on track at just the right times in the
most gentlemanly way possible. As well, editorial assistant Tiffany Groglio
was delightful to work with and patient with our many inquiries, as was our
production editor, Linda Indig.

Of course, our families were right there for us as they always are—not
only accepting the long, extra hours working but giving us tangible support
along the way. We love you and thank you for this!

Most importantly, we’'d like to acknowledge the many organizations
that have helped shape our understanding of innovation and our approach
to making it more predictable, repeatable, and sustainable. Your trials and
successes have inspired us, and we hope you continue to make innovation
common and eventful in your organizations.



INTRODUCTION

How to Make Organic Growth
an Everyday
Event—Systematizing Your
Innovation Process

There are numerous factors involved in successfully apply-
ing the techniques and tools in this book, especially if you're undertaking an
innovation deployment on an organizational scale. But even if you're using
this book to solve one small problem—or just educate yourself about innova-
tion techniques—the information in this introduction should be interesting
and helpful.

First we’ll bring some needed focus to innovation’s often fuzzy front
edge, making it much clearer and more actionable by exposing two revolu-
tionary concepts that are also key techniques in this book: jobs to be done and
outcome expectations. Then we’ll examine the different strategic pathways
for organic growth in light of these techniques and their conceptual basis.

After this, we'll provide some guidance on how to assemble a viable
portfolio of organic-growth projects, making sure to demonstrate how all
successful innovations translate to how people solve problems. Then to close,
we'll give you a methodology (or process) you can follow to implement
a single innovation project or to lead and manage a widespread organic-
growth initiative.

Focusing on Innovation’s Front Edge

We'll do the expected and give you our definition of innovation first. While
a common definition is “introducing something new” or “coming up with

XVii



Xviii INTRODUCTION

the next big idea,” we think of innovation as the act of generating more value
for the customer and the business by fulfilling a job to be done better than
anyone else.

A job to be done (JTBD) is the purpose for which customers buy prod-
ucts and services, like buying sanitizing soap to keep hands clean and germ-
free at work. If you can fulfill this JTBD for your customers better than your
competitors can, at a lower cost and with no harmful side effects, then you
win market share.

It’s as simple as that.

Meantime, most corporations are preoccupied with cataloging and im-
proving their inventory of products and services. Instead of seeing cus-
tomers who need to stay warm in winter (a JTBD), they are focused on
their offerings—gas furnace heaters, space warmers, electric heaters, winter
jackets, a more efficient heating system, and so on. The problem with this
thinking is that it’s solution-centric, and it assumes that a company exists to
provide better and better mousetraps, whatever those mousetraps may be.

Innovation isn’'t about coming up with new or better stuff; it's about
solving the problem of what to come up with in the first place. Most organi-
zations are busy filing patents and making their products and services better,
but what they really need to do is better address their jobs to be done, and
their customers’ jobs to be done.

In the 1700s, customers told candle companies they wanted brighter,
longer-lasting candles that produced less smoke and soot, and that dripped
less (performance expectations). The most sophisticated customers asked for
better-smelling candles in different colors (perception expectations). Candle
makers listened, and many kept producing better candles along the lines of
what customers said they wanted.

Still, most of them went out of business.

In reality, business success requires focus on more than just perfor-
mance and perception expectations, which are related to the features and
functionality of specific offerings (solution specific). It’s also critical—
especially if you want to innovate—to understand outcome expectations,
which are less concrete and related to the jobs customers need to get done
(solution neutral). For instance, if illuminating the darkness is the job to be
done, then doing this with ease and convenience is an outcome expectation.

Don’t confuse solution-specific performance and perception expec-
tations with solution-neutral outcome expectations, or you'll end up in
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EXHIBITI. 1

company with the storied corporations that were caught looking sideways
when the wave of change came (see Exhibit I.1).

IBM was looking sideways when Microsoft envisioned a PC in the hands
of every person—and 300 years earlier, candle makers were busy making
better candles while others were relentlessly focused on how to differentiate
themselves. Those others were more concerned with how to better achieve
the job of illuminating the darkness in a more valuable way (with less cost
and harm).

When the light bulb and electricity came along, it really didn’t matter
how well a company could make a candle or a kerosene lamp; these solutions
didn’t satisfy the outcome expectations as well as the light bulbs did. Nor
did the big mainframe computers satisfy customer outcome expectations as
well as personal computers did.

Exhibit I.1 shows the difference between performance and perception
expectations on the one hand, and outcome expectations on the other. It's
necessary to fully address both types of expectations to be successful at
innovation.

Maybe the first real step toward organic growth is admitting that you're
probably better at refining and improving solutions (performance and per-
ception) than you are at cannibalizing yourself in favor of solutions that
wow your customers on a higher plane (outcome expectations). This is
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perhaps the key reason why only about 10 percent of publicly held com-
panies are able to reach any reasonable standard of organic growth in a
consistent manner.

On the flip side, when important outcomes are poorly satisfied, or the
solutions for important jobs to be done are ad hoc or nonexistent, that’s a
glaring opportunity for innovation. Once the opportunity is identified, any
company can pursue focused ideation and solution development to provide
more value than what exists today.

Adopting Organic Growth Strategies

There are at least four ways to achieve organic revenue growth through
satisfying unmet JTBDs and customer outcome expectations: core growth,
disruptive growth, related jobs growth, and new jobs growth. Let’s briefly ex-
amine each.

Core Growth

A core growth strategy takes advantage of unmet outcomes associated with
a job that customers want to achieve. For example, customers want to pour
juice into a cup with greater ease (desired outcome expectation) without
the risk of spilling (undesired outcome expectation), so the juice bottle is
redesigned to have an indentation for easy gripping. New Balance builds
running shoes that increasingly improve foot cushioning and stability. Mi-
crosoft gives customers more functionality and fewer problems with each
generation of Windows.

A core growth strategy means that more value is built into core prod-
ucts, services, and solutions over time by fulfilling unmet customer outcome
expectations.

Disruptive Growth

While a core growth strategy focuses on existing jobs for current customers,
disruptive growth focuses on existing jobs for new customers. Remember
when going to a dentist’s office was the only way to get your teeth whitened?
That was a time when many customers couldn’t get the job done due to
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lack of money, skill, time, or access. But now the job of whitening teeth
can be done by nearly everyone with Crest Whitestrips, Procter & Gamble’s
disruptive product.

Other examples of disruptive growth are home pregnancy tests, online
stock trading, home dry cleaning, self-administered medical monitoring de-
vices, do-it-yourself legal documents, and the $200 laptop computer for kids
in developing countries (complete with software). All of these solutions make
something accessible to many customers who were formerly locked out of
the market for getting their jobs done.

Related Jobs Growth

The focus of this strategy is to bundle solutions or come up with new solu-
tions that achieve the outcome expectations of more than one JTBD. Often
these jobs are related as a family of jobs that need to be done before, during,
or after the primary job is done. If you can offer one solution or an inte-
grated solution that addresses a family of jobs, you can create a differentiated
market opportunity.

Starbucks is an example of a solution that addresses many jobs, such as
drink caffeinated beverages, carry on business conversations, surf the Internet,
drink healthy alternative beverages, and read books in a relaxed environment.

When your customers are satisfied with your existing solutions, this
is an important strategy to pursue. Customers were fairly satisfied with
Sony Walkman and MP3 players to perform the job of listening to music.
However, they were not satisfied with related jobs such as browse music
choices available for download, organize music, share music with friends, and
discard unwanted music. This created an opportunity for Apple to bring
iPod/iTunes to the marketplace.

New Jobs Growth

At a fundamental level, society has a list of fundamental jobs to be done.
Examples of these include satisfy hunger, provide shelter, and travel faster.
While these jobs remain static over time, certain shift changes take place
when technology is introduced to change the rules of the game—such as
when we jumped from the steam to the combustion engine.
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With technology as the fuel, new jobs emerge for which current solu-
tions are ad hoc or nonexistent. The objective of a new jobs growth strategy,
therefore, is to identify jobs that are unmet or poorly met.

Take the example of individuals buying from or selling goods to one an-
other. Before eBay came into existence, this job was done through classified
ads, swap meets, and flea markets—but these solutions did not adequately
address the new realities of the Internet revolution. eBay took advantage of
this gap and created an uncontested market space.

Many purposeful brands are created by identifying jobs to be done for
which no good solutions exist. Examples include Xerox, Kleenex, FedEx,
OnStar, Google, Starbucks, BlackBerry, and Lunchables. All of these brands
were created by virtue of a new JTBD, or at least a major shift in outcome
expectations related to a timeless JTBD.

Developing a Project Porifolio

Whatever your organic growth strategy, it always boils down to executing one
innovation project at a time—even if you have hundreds going simultane-
ously. To manage this, think of your portfolio of projects as a well-balanced
attack on the future that includes product/service innovations, process in-
novations, and business-model innovations.

Examples of product innovation include Sanyo’s introduction of wash-
ing machines that don’t use detergent, Apple’s iPhone, and Procter &
Gamble’s Whitestrips. Service examples are Progressive Insurance’s on-site
claim adjustments, self-service check-ins at hotels and airlines, Skype, and
Facebook.

Process innovations occur behind the scenes and provide more value
to the customer in the form of expedited service and higher quality.
Wal-Mart’s everyday low prices are really a conglomeration of behind-the-
scenes business process innovations, as is Amazon’s Buy Now with 1-Click
feature. At the same time, such process innovations provide great value to
businesses in the form of higher productivity, lower lead times, improved
employee morale, and increased profitability.

An example of a business model innovation is when Dell began selling
computers directly to customers, avoiding the retail link in the chain. With
minimal inventories to manage, cash up-front from customers, and delayed
payment terms to suppliers, Dell redefined working capital management.
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eBay also changed the business model landscape when it enabled buyers and
sellers to come together outside the inefficient confines of former person-to-
person venues.

A rounded innovation project portfolio should also be distributed
according to degree of import (incremental, substantial, breakthrough).
Obviously, the magnitude of investment, risk, and potential impact on profit
increases as you move up the chain from incremental to breakthrough
innovation.

Some examples of incremental innovation include improving the check-
in process at a hotel or airline, orimplementing an employee idea-solicitation
program. A substantial innovation might be replacing an electric toothbrush
with one that uses sound waves, or allowing consumers to purchase their
own plane tickets online. You still need to brush your teeth and get a plane
ticket, but the means by which you do this materially change.

Of course, breakthrough innovations generate tremendous value for
customers and for the business. The discovery of antibiotics, the printing
press, gun powder, airplanes, portable computers, and the World Wide Web
are all examples of breakthrough innovation.

While it’s difficult to firmly establish what constitutes incremental ver-
sus substantial versus breakthrough innovation, each company can define
these terms for themselves. The chemical division of Royal Dutch Shell, for
instance, said at one time it needed to generate $100 million or more in
revenue for an innovation to be classified as a breakthrough. Whatever the
criteria, every company needs to constantly populate and refresh its innova-
tion project pipeline.

Exhibit 1.2 shows the relative proportions of a typical innovation portfo-
lio. Usually you will have more product, process, and service innovations—
and fewer business model innovations. As well, most organizations aim for
more incremental and substantial innovations—and fewer breakthrough in-
novations.

Of course, true competitive advantage is usually the result of making
coordinated innovations on multiple fronts. Through the combination of its
iPod and iPhone products with its iTunes business model, Apple created
about $70 billion in shareholder value in just three years. Amazon’s busi-
ness model innovation of cutting out the brick-and-mortar store is coupled
with service innovations such as 1-Click, Recently Viewed Items, Customer
Reviews, and Books You Might Also Like. This is a taste of how these compa-
nies have innovated across the board.
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Adapted from R. B. Tucker, Driving Growth Through Innovation, (San Francisco: Berrett-Koehler, 2002), p. 20.

Understanding How People Solve Problems

All the identified growth projects in the world won’t result in even one prof-
itable innovation if at the end of the day you don’t have the right people
solving the right problems. Therefore, we’ll summarize the way humans
solve problems, as well as what types of problems are most appropriate to
solve with the techniques in this book—and what types are not.

Every innovation is the result of solving some important problem, like
how to get an army across an ocean (naval ship), or how to put a man on the
moon (rocket). Even simpler problems lead to simpler but no less important
innovations, like using a net to catch fish and secure a food supply. Still
other problems lead to solutions that save lives: vaccines, medicines, surgical
procedures, and the like.

In all of these diverse cases the underlying problem-solving dynamics
are the same: people either converge in their thinking to solve a problem or
they diverge in their thinking to solve a problem—or they do both.

Another way to look at problem-solving styles is in terms of exploita-
tion versus exploration. Guided by convergent thinking, exploitation is when
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you solve problems using what you readily know inside a known paradigm.
Guided by divergent thinking, exploration is when you move beyond known
paradigms and existing knowledge to solve a problem. Some business prob-
lems require mostly exploitation, while others require mostly exploration,
but all problems require some mixture of the two.

Thomas Edison is often called an inventor, but he mostly developed
basic discoveries into better solutions for commercialization. Often credited
with inventing the light bulb, Edison really conducted extensive experimen-
tation and analysis to find the optimal conditions under which the tungsten
wire in a bulb would glow continuously without interruption. While Edison
did his own share of exploration, his basic strength and passion was in taking
what was already known and refining it until he could solve some problem.

Alternatively, Einstein thought mostly outside the box of the prevailing
wisdom of his day, or what was known at the time, and such exploration is
the essence of solving problems in untried and untested ways. His theory of
relativity questioned key assumptions of Newtonian physics. Einstein even
characterized himself as a little strange—but strangeness is what it takes to
solve ill-defined problems, or to solve fairly well-defined problems in new
and unusual ways.

People in your organization, including you, are either more like Edison
or more like Einstein. You might tend to solve problems through conver-
gent thinking and such exploitation-oriented actions as study, analysis, and
working within known domains. Or you might tend to think divergently
and explore new domains, question assumptions, and generate many hare-
brained ideas until you solve your problem.

Different types of innovation problems require different degrees of ex-
ploitation and exploration to solve (see Exhibit I.3).The solid boxes and lines
represent the convergent exploitation of established paradigms and known
knowledge, and the dotted boxes and lines represent the divergent explo-
ration of new paradigms and fields.

Understanding each of these four problem-solving classes will enable
you to characterize any problem in your organization. From there you can
select the best and most appropriate techniques for solving your particular
problem:

1. Class 1: The problem and the solution space are both well-defined. This
dictates mostly exploitation and convergent activities within the current
paradigm. Defects on a production line are a good example of Class 1
problems, which are usually solved with such process-improvement
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methods as Plan-Do-Check-Act (PDCA), Six Sigma, Lean, and the like.
In this book, techniques in the develop the solution and demonstrate the
innovation parts can help you solve Class 1 problems.

. Class 2: The problem is well defined but the solution pathway is not so

clear or directly discoverable. Therefore, the task is to explore new ideas
and realms, searching for better solutions, while also exploiting known
knowledge when necessary. For example, the job of illuminating a room
in the dark was once accomplished with a candle, but candles have
drawbacks, like dripping wax. Candles did not meet some important
customer expectations very well, so this opened the door for better
solutions.

When your customers tell you they are largely satisfied with your
product or service, you have a Class 1 problem: just optimize. However,
if customers tell you they are unsatisfied with your product or service,
you have a Class 2 problem and you need to discover or invent a better
solution that closes the dissatisfaction gap. Stated differently, if cus-
tomers are generally happy with candles, make better candles; if they
are unhappy, discover a better way to illuminate the darkness.
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3. Class 3: These problems are the reverse of Class 2 problems: the so-
lution is clear but the problem is fuzzy. Class 3 problems are intrigu-
ing because they force you to consider new applications for existing
technologies. For instance, engineer Richard James was working with
tension springs in 1943 to develop a meter for monitoring horsepower
on naval battleships. One of his springs fell to the ground and gave him
a new idea about a different job to be done in a different market. Thus
the Slinky was born.

Sometimes, your existing solutions can be put to a different use,
thereby solving a problem and opening a new market. In effect, Class
3 problems require you to turn your ideation efforts upward—beyond
where your solutions reside into the realm of higher human needs—
asking what jobs your solutions could do that they don’t do today.

Class 2 and 3 problems are by far the ripest classes on which to focus
organic growth efforts, and all 55 techniques in this book were chosen
because they primarily solve these types of organic growth problems.

4. Class 4: These problems are undefined, and their solutions are unde-
fined as well. There is no particular mandate to solve any problem, and
the objective is to simply explore because both the problem and the
solution reside in unknown territory. Medical researchers, for instance,
are always looking for new molecules—just for the sake of finding
them. Once they're found, they can always be studied, manipulated, and
exploited.

Solving Class 4 problems is what you do when you don’t know what
you're doing—basic research, where discoveries are made but the path
to commercialization is unclear. As such they fall outside the scope of
this book—although techniques like Biomimicry (Technique 26), Trend
Prediction (Technique 14), Provocation and Movement (Technique 22)
and Design of Experiments (Technique 50) can help the Class 4 problem
solver.

Establishing a Process for Innovation

Even having a sound innovation strategy, a promising portfolio of projects,
and the right people set up to execute those projects, without a process for
organic growth you’ll have chaos if you try to innovate on a widespread
scale. Only one approach works for making innovation an everyday event in
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an organization: having the right people solve the right problems through
an effective process.

So what would this process look like and what would it entail? We've
already established that only two types of problems are worth solving if
you want to make innovation common and revenue-worthy in an organiza-
tion: Class 2 and Class 3 problems, which require an ambidextrous ability
to diverge and converge, exploit and explore, in both thought and action
throughout the innovation process.

It's relatively easy to roll out programs that either require great structure
(exploitation) or that require little or no structure (exploration). But working
within the paradox of structure, exploring at times and exploiting at others,
can be more difficult. To do this, you need a process that enables controlled
divergence and convergence, and that accommodates those who are most
comfortable with exploration as well as those who are most comfortable
with exploitation.

We've developed a process (or methodology) that is capable of guid-
ing organic growth. Dubbed D* (Define-Discover-Develop-Demonstrate), this
structured-yet-flexible process forms the basis and architecture of how we've
categorized and presented the 55 techniques in this book (see Exhibits 1.4
and 1.5). The purpose of D* is to enable end-to-end innovation that involves
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multiple steps of divergence and convergence along the path of ideating new
products and services, then bringing those solutions into a profitable reality.

First, the innovator needs to converge on the best opportunities for
organic growth; but within that convergence, there can be substantial, care-
fully managed divergence. This is the define the opportunity phase. Next, the
innovator or innovation team engages in mostly divergent ideation, with
the aide of powerful thinking techniques. We call this the discover the ideas
phase. After this, the innovation process requires that you converge on your
very best ideas and put them on paper, or design them. This is the develop
the solution phase. Finally, the task of the innovator is to keep converging
the design into successfully commercialized new products and services—or
solutions. This is the demonstrate the innovation phase.

Exhibit 1.4 summarizes the main phases as well as the subphases of
the D*process. Generally speaking, you move through the methodology in
sequence, but only proceeding from one major phase to the next after having
passed a tollgate review designed to mitigate financial and other risk while
maximizing the probability of success, or profitability.

Of course, success with the D*methodology depends on several factors.
One, you have to create the proper organizational climate for change and
innovation. Leaders can’t have too much latitude to experiment and fail,
which is very costly, but at the same time they need enough freedom to open
and exploit the envelope of change. The right path is to create a culture that
rewards risk-taking and accepts mistakes, but that also honors constraints
and has controls for abandoning fruitless pursuits before they turn into
financial disasters.

Another success factor is making sure you install an infrastructure
through which you can govern, lead, and manage the innovation process. The
infrastructure should include designations and roles for innovation leaders
(executives), champions (middle managers), and practitioners (specialists).
An organic growth infrastructure also will include enabling processes for:
(a) monitoring financials and ensuring positive project ROI, (b) staffing the
initiative and developing human competencies, (c) distributing needed in-
formation technology supports, and (d) communicating the organic growth
initiative to all stakeholders.

As a final lead-in to the 55 techniques, we’d be remiss if we didn’t show
how they relate or map to the innovation process—especially considering
that the critical hinge-point of success in any corporate initiative is the ability
to apply knowledge in a directly beneficial way. We think of the techniques
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in this book as the innovator’s core knowledge; how these techniques are
applied and on what scale is a matter of leadership and management at both
the project and organizational levels.

Enabling innovation leadership and management, Exhibit 1.5 summa-
rizes the D* system—showing each major phase, each subphase and each
of the 55 techniques distributed where they provide the bailiwick of benefit.
Exhibit 1.5 also summarizes the key tasks you should perform and deliver-
ables you should complete at each major phase of the process before moving
on to the next. Accomplishing these tasks and deliverables with discipline is
what distinguishes those who innovate with substance from those who try
to innovate but don’t really understand the process.

Hopefully in this introductory piece we've sufficiently articulated how
you can pursue organic growth in your organization—having provided an
actionable definition of innovation and pointing out why it’s necessary to
focus on high-order jobs to be done and outcome expectations, not on your
current solutions and how they work or don’t work. In addition, we hope
we've provided a rich enough background to empower you in practicing
and mastering the 55 techniques as you go about reinventing your products,
services, processes, and business models.

Beyond this, we hope that maybe we've also inspired you to
make organic growth more scalable, repeatable, and sustainable in your
organization—a process everyone can follow. If you do this, it won’t matter
that you may not invent the next big thing (even though we hope you do). If
you deploy and practice the techniques in this book on a widespread basis,
you'll probably realize many profitable innovations, some smaller and some
larger in their impact. Then, as a whole, you might find yourself in that
unique and solitary place called market leadership.

We wish you amazing success.






PART I

DEFINE THE OPPORTUNITY

aking thousands of shots at an unde-
fined target (unfocused ideation) won't result in an innovation goal. Yet,
the very nature of innovation seems to imply that the target is hazy and
disguised—but this is a myth. Those who know how to clear the haze will
see that the front edge of innovation isn’t as elusive as it may seem; it’s only
unreachable by those who don’t know how to find it and bring it into focus
for their own advantage.

This first phase of innovation enables you to bring the aims of organic
growth into focus and create viable innovation opportunities. Use the Jobs
To Be Done (JTBD), Outcome Expectations, and Value Quotient techniques
to identify actionable innovation gaps, or high-potential innovation projects
based on the identification of unmet customer needs and new market terri-
tory. As well, use the Ethnography technique to directly observe how cus-
tomers struggle with existing solutions so you can understand their unartic-
ulated needs.

Once you've defined your opportunity, you can scope and focus your
innovation projects. The Heuristic Redefinition technique will help you do
this by identifying all the elements of your current solution and how they
relate to one another. The Nine Windows technique will do this as well,
adding the dimensions of time and scale to your innovation problem. Then
Job Scoping is a simple but powerful technique for either narrowing or
broadening your project’s focus.

Also in Part I, we give you techniques to manage people, projects, and
return on innovation investment. Specifically, the Stakeholder Management
technique helps get all pertinent people lined up to support organic growth
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projects. The Cognitive Style technique ensures your team is staffed with the
right people. The Project Charter technique is a living document used to keep
the project on time and on task. And the Innovation Financial Management
technique keeps you on the straight-and-narrow fiscal path, even enabling
you to discontinue your project if it becomes too risky.



TECHNIQUE 1

Jobs To Be Done

Determine the human need you're trying to fulfill.

job to be done (JTBD) is a revo-
lutionary concept that guides you toward innovation and helps you move
beyond the norm of only improving current solutions. A JTBD is not a prod-
uct, service or a specific solution; it’s the higher purpose for which customers
buy products, services and solutions.

For instance, most people would say they buy a lawnmower to “cut the
grass,” and this is true. But if a lawnmower company examines the higher
purpose of cutting the grass, say, “keep the grass low and beautiful at all
times,” then it might forgo some efforts to make better lawnmowers in lieu
of developing a genetically engineered grass seed that never needs to be cut.

This is the power of the JTBD concept and technique: it helps the inno-
vator understand that customers don’t buy products and services; they hire
various solutions at various times to get a wide array of jobs done. You may
need light survey design and sampling help from a statistician to apply this
technique, but for the most part it requires no expert assistance.

Background

Harvard Business School professor Clayton Christensen and coauthors ar-
ticulated the JTBD concept in a Sloan Management Review article (Spring
2007) as follows: “Most companies segment their markets by customer de-
mographics or product characteristics and differentiate their offerings by
adding features and functions. But the consumer has a different view of the
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marketplace. He simply has a job to be done and is seeking to ‘hire’ the best
product or service to do it.”

Therefore, if you understand the jobs your customers want done, you
gain new market insights and create viable growth strategies. Sometimes a
good solution for a JTBD, or a family of JTBDs, does not exist; when this is
the case, you have a great opportunity to innovate.

There are different types of JTBDs:

e Functional jobs describe the task that customers want to achieve.

e Emotional jobs are related to feelings and perception, and as such they
are subjective. One type of emotional job is a personal job, which de-
scribes how customers want to feel about themselves; another type is
a social job, which refers to how customers want to be perceived by
others.

e Ancillary jobs are other jobs that customers want to get done before,
during, or after they get their main job done.

For example, brushing one’s teeth is the solution to the problem or the
functional JTBD of cleaning teeth and gums and removing plaque. While get-
ting this job done, we might also achieve additional emotional jobs. While we
clean teeth, we might want to feel fresh (personal job), and might want to be
perceived by others as having fresh breath (social job). As well, around teeth-
cleaning time, we might want to whiten our teeth, wash our face, or groom
our eyebrows. In the context of cleaning teeth, these are all ancillary jobs.

You can tell when a company thinks in terms of JTBDs because the
result not only fulfills a need, but is often quite innovative. Consider the
recent developments in self-cleaning glass for cars and high-rise buildings,
or in car paint that “heals itself” and, thereby, removes the need to paint over
scratches. While you could think of painting scratches as a JTBD, it really
isn’t. Painting scratches is actually a solution for accomplishing the JTBD
called maintain a blemish-free vehicle.

Consider the examples of new solutions for old JTBDs in Exhibit 1.1.
Then, ask not how you can make your current products and services better
but, instead, ask how you can fulfill your customers’ JTBDs in unexpected
and more effective ways.

This is the story of innovation in a nutshell: while some companies
went about making better pills, or becoming better law firms, or making
their flares better and brighter, others went about breaking the mold. No
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EXHIBIT 1.1

new solution automatically or instantly makes an old solution obsolete, but
change does happen as a result of finding new ways to fulfill the jobs cus-
tomers need to get done.

If you remember anything about jobs to be done, remember this: they are com-
pletely neutral of the solutions you create (your products and services). While
a customer JTBD remains fairly stable over time, your products and services
should change at strategic intervals as you strive to provide ever-increasing
value.

Steps
1. Identify a Focus Market

Markets can be identified by considering any one of the organic growth
strategies we cover in the Introduction: core growth, disruptive growth, re-
lated job growth, and new jobs growth. For example, a computer manufac-
turer might be interested in expanding beyond just selling computers, so it
would look for related job growth opportunities in adjacent market spaces.

2. ldentify Jobs Customers Are Trying to Get Done

You want to study customers and find out what they are trying
to accomplish—especially under circumstances that leave them with
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insufficient solutions relative to available processes and technologies. What
jobs have ad hoc solutions or no good solutions? When you see customers
piecing together solutions themselves, these are great clues for innovation.

Several methods exist to help an innovator study customers and the
way they use solutions to get their jobs done. Ethnography (Technique 4)
and cultural archetype research are especially useful in this regard. Other
techniques include observation, interviews, customer complaints, and focus
groups.

Sometimes jobs to be done are not as straightforward as one might think. For
instance, a fast-food provider found that its customers were buying flavored
milkshakes when faced with a long, boring commute in traffic; they were not
only looking for convenient, non-messy nourishment in the morning, but they
also wanted to make their commute more interesting by entertaining themselves
with a breakfast that took a while to consume.

3. Categorize the Jobs to Be Done

Jobs can be main jobs or related jobs. Some jobs are parents of other jobs.
If a person wants to self-actualize, for instance, this job could be the parent
to any number of lower-order jobs having to do with a person’s physical,
mental, social, emotional, financial, and spiritual well-being.

There is no one way, or standardized, commonly used scheme for cat-
egorizing JTBDs—so our best advice is to use a scheme that makes sense
for you and your industry. In the retail sales industry, for instance, many
main JTBDs are related to how you make people feel (emotional jobs)
rather than what a product or service actually does (functional jobs). Many
noncustomer-facing jobs in the engineering industry are functional rather
than emotional in nature.

We mentioned earlier that jobs can be functional, emotional (including
personal and social), and ancillary. One family of jobs is to organize and
manage music for personal use. An important functional job is to listen to
the music. A related personal job is to organize and manage music in a way
that feels good; a related social job is to share songs with friends. Ancillary
jobs might be to download songs from the Internet, make play-lists, discard
unwanted songs, and pass the time.
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5. Prioritize the JTBD Opportunities

There are hundreds of jobs that customers are trying to get done in every
market. Which one of these offers the best opportunities for you? Which
ones provide opportunities to create uncontested market space? In most sit-
uations, the jobs that customers want to get done for which no good solutions
exist are the ones that provide the greatest opportunity for innovation.

Prioritizing JTBDs is a function of how important they are, how satisfied
customers are with existing solutions, the general potential for developing
new (or more ideal) solutions, and the specific potential of the provider for
creating new solutions that better meet outcome expectations (see Tech-
nique 2). The importance-satisfaction dimensions establish priority from
the customers’ perspective, while new-solution potential forms the basis for
prioritization from the provider’s perspective.

You can use different assessment and rating schemes to determine
which JTBDs should be a priority for innovation. One way to measure the
importance of a job is by asking customers based on a Likert Scale (degree of
importance to them), using sound sampling techniques. A Likert Scale can
also work for assessing the level of satisfaction customers have with current
solutions.
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The priority of jobs can thus be calculated as,
Opportunity = Importance + Maximum (Importance — Satisfaction)

with adjustments made for how likely it is that you or your competitors
can come up with a commercially viable and materially better solution for
priority jobs. High opportunity items are ripe for a core-growth innovation
strategy (make the existing solution better); low opportunity items are ripe
for a disruptive innovation strategy (remake the solution so it becomes avail-
able to those who can’t afford the existing solution).

Sometimes innovation is as simple as finding a new JTBD that your existing
solution meets. Post-it Notes, for example, were developed by a 3M scientist
looking for a new and better adhesive compound. The scientist didn’t quite
reach his goal because his adhesive was weak. Ten years later, another 3M sci-
entist led the way in applying the adhesive for jobs that fit the solution perfectly.

6. ldentify Outcome Expectations Regarding the Job

For a particular job, identify its associated desired and undesired outcome
expectations. These become the drivers of further ideation activities in the
innovation process. Outcome expectations are explained in Technique 2.

Resources

For more on the jobs to be done concept and technique, see:

Christensen, C. M., S. D. Anthony, G. Berstell, and D. Nitterhouse. “Finding
the Right Job for Your Product,” MIT Sloan Management Review, Spring
2007 2-11.

Christensen, C. M., and M. E. Raynor. The Innovator’s Solution: Using Good
Theory to Solve the Dilemmas of Growth. Watertown, MA: Harvard Busi-
ness School Press, 2003.

Ulwick, A. What Customers Want: Using Outcome-Driven Innovation to Create
Breakthrough Products and Services. New York: McGraw-Hill, 2005.

Ulwick, A., and L. A. Bettencourt. “Giving Customers a Fair Hearing.” Sloan
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TECHNIQUE 2

Outcome Expectations

Give customers more of what they desire.

utcome expectations are a direct
outgrowth of innovation jobs to be done (JTBDs), and they lead to eventual
new solutions that create more value and customer satisfaction than existing
products and services. For example, the job of cleaning your clothes has
many associated outcome expectations, such as minimize the time it takes to
clean clothes, increase the likelihood of stain removal, and increase the ease
with which clothes are cleaned.

It's important to define any outcome expectations associated with a
JTBD when pursuing an innovation based on that JTBD. Understanding
these expectations, and knowing how satisfied (or unsatisfied) customers
are with current solutions, helps you identify unidentified market space and
possibly fill that space with better solutions than what exists today. You may
need light survey design and sampling help from a statistician to apply this
technique, but for the most part it requires no expert assistance.

Background

There are four types of outcome expectations:

1. Desired outcomes customers want to achieve,
2. Undesired outcomes customers want to avoid,
3. Desired outcomes providers want to achieve, and

4. Undesired outcomes providers want to avoid (Exhibit 2.1).

9
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By segmenting outcome expectations in this manner, you can look at
the JTBD through the lens of what the customer wants and doesn’t want, as
well as what the provider wants and doesn’t want. Both parties must benefit
from the innovation or it will never reach viable commercialization.

Customers typically choose the solution that gives them more of the
desired outcomes (benefits) and less of the undesired outcomes (cost and
harm). As a provider, you want the solution that maximizes desired outcomes
and minimizes undesired outcomes—for your customers and yourself. When
you accomplish this, you position yourself to create high-value (innovative)
solutions that address your customers’ JTBDs better than competitors.

People don’t buy quarter-inch drills, they buy quarter-inch holes. The drill just
happens to be the best means available to get that job done.
—Ted Leavitt of Harvard Business School

We know of at least one company that was working on innovating a better
detergent while another innovated a washing machine that doesn’t need deter-
gent. Whose solution will capture more market share or be more profitable?
[t depends on which company can better fulfill the outcome expectations for
itself and its customers.
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Steps
1. ldentify the Job To Be Done

In Jobs To Be Done (Technique 1), we provide instructions for how to de-
velop job statements and how to determine which JTBDs are priorities for
innovation. Follow these steps to select the JTBD for which you'll develop
related outcome expectations.

2. List the JTBD’s Related Outcome Expectations

You can use a simple table like Exhibit 2.1 to brainstorm the four types of
outcome expectations that relate to your selected JTBD. Keep asking, “What
is it about this JTBD that customers want to achieve or avoid?” Think in
terms of time, cost, potential errors, quality, dependability, availability, ease
of use, maintainability, and any number of other satisfaction and dissatis-
faction dimensions.

Do not confuse this exercise with cataloguing performance and per-
ception expectations (see Technique 30), which are solution-specific perfor-
mance characteristics, such as candle burn time (target = 32 hours), or PC
battery life (target = 6 hours). Outcome expectations are solution-neutral
and reside at a higher level; they are JTBD-specific desires, such as maximize
duration of illumination (using any solution), or maximize operating time (in
whatever way possible).

This can be tricky, but it’s far from unnecessary hair-splitting. Your
ability to fully delineate all pertinent outcome expectations determines how
much innovation traction you'll have. Maybe more accurately, it defines the
high-level pathways along which your innovation efforts will play out.

3. Create Outcome Statements

Since the job of innovation is to meet expectations to a greater extent than
they are met today, they should be stated in imperative terms, using a stan-
dard structure. That structure is:

e The direction of action (minimize, increase).
¢ The unit of measurement (time, cost, probability, defects, errors, etc.).
¢ The object of control (what it is you're influencing).

e The context (where or under what circumstances).
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Consider this customer outcome statement: Increase the likelihood that
clothes appear fresh after home cleaning. Increase denotes the direction, like-
lihood is the unit of measure, clothes appear fresh is the object of control,
and at home is the context.

Other outcome statements related to the job of cleaning clothes at home
might be:

e Minimize the time it takes to clean clothes.

e Minimize the cost of cleaning clothes.

¢ Increase the likelihood of stain removal.

e Minimize the damage to clothes.

e Minimize the effort needed to clean clothes.

¢ Increase the likelihood that clothes look fresh.

¢ Increase the likelihood of an appealing smell from clothes.
e Minimize the likelihood of any wrinkles in clothes.

¢ Increase the likelihood of removing all foreign particles, germs and
bacteria from clothes.

¢ Increase the ease of cleaning clothes.

e Minimize the use of resources (water, energy, detergent) in cleaning
clothes.

Some example outcome statements from the provider’s perspective
include:

¢ Increase the revenue growth from innovations.
¢ Increase the likelihood of maximum profit from innovations.
¢ Increase customer loyalty from using solutions.

¢ Increase the likelihood of deriving new products from current innova-
tions.

e Minimize the cost of developing and providing solutions.
e Minimize the likelihood of product liability litigation.
e Minimize the likelihood of imitation products or services.

e Minimize damage to the environment.
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Provider-related outcome statements tend to be similar with little varia-
tion due to the commonality of why companies exist. All corporations, public
or private, exist to provide valuable products and services, to make a profit,
and to do so safely and without harm.

The outcome statements improve the consistency and reliability of collecting
useful information regarding the job to be done. It is very important to follow
the outcome statement structure to enhance repeatability and avoid confusion.

4. Determine Priority Outcome Expectations

Examine the list of outcome statements in light of how important they are to
customers, and how satisfied they are with the extent to which existing solu-
tions meet these statements. To prioritize outcome statements, you should
also examine how likely it is that competitors will implement new solutions
to fulfill them better, and how likely it is that the provider (you) will fulfill
them better with new solutions.

On the customer side, a Likert Scale (self-report) assessment approach
can be effective, making sure to use sound sampling techniques. An impor-
tance score can be derived for each outcome statement by calculating the
percentage of customers who rate the outcome statement as very impor-
tant or extremely important; likewise a satisfaction score can be derived by
calculating the percentage of customers who are very satisfied or extremely
satisfied with the extent to which current solutions address each specific
outcome expectation, or outcome statement.

The priority of outcome statements can then be calculated as:

Opportunity = Importance + Maximum (Importance — Satisfaction)

with adjustments made for how likely it is that you or your competitors
can come up with commercially viable and materially better solutions for
priority outcome expectations.

In general, high-priority outcome expectations are your guides for ideat-
ing superior products, services, and solutions; they provide needed focus at
the front end of innovation, which mitigates the risk of generating and pursu-
ing big ideas that really aren’t so big because they aren’t grounded in market
sweet spots. Generating new solution ideas for the sake of new solution ideas
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is one thing; using high-priority outcome expectations as a basis and guide
for ideation is quite another.

You can plot outcome expectations (or JTBDs) on an XY graph, with importance
on the Y-axis and satisfaction on the X-axis. Based on the location in the graph,
you can then determine opportunities for the various categories of organic
growth: disruption, core growth, new job growth, and related jobs growth.

Resources

Christensen, C. M., and M. E. Raynor. The Innovator’s Solution: Using Good Theory
to Solve the Dilemmas of Growth. Watertown, MA: Harvard Business School
Press, 2003.

Ulwick, A. “Turn Customer Input into Innovation.” Harvard Business Review,
January 2002.

Ulwick, A. What Customers Want: Using Outcome-Driven Innovation to Create Break-
through Products and Services. New York: McGraw-Hill, 2005.

Ulwick, A., and L. A. Bettencourt. “Giving Customers a Fair Hearing.” Sloan Man-
agement Review 49, no. 3 (2008): 62-68.



TECHNIQUE 3

Value Quotient

Identify opportunity gaps in the marketplace.

alue quotient is the ratio of a solu-
tion’s desired outcomes to its undesired outcomes—relative to some job to
be done (JTBD). For example, if one key desired outcome for a driver is
to increase visibility at all times, then a car window that cleans itself has
a higher value quotient than a window you have to clean—assuming the
self-cleaning window can be purchased for about the same price with no
additional drawbacks (undesired outcomes).

The purpose of this technique is to assess the value of your current
solutions against those of your competitors—and relative to an ideal state
in which a theoretical solution could fulfill all desired outcomes and avoid
all undesired outcomes. Such an idealized solution (ideal innovation) would
meet all expectations, cost nothing, and have zero chance of harming the
user, anyone else, or the environment.

Understanding the Value Quotient technique enables the innovator to
identify opportunities—or value dimensions—that are ripe for exploration
and exploitation (Exhibit 3.1). The extent to which you can increase value
along these dimensions determines the extent to which you will be successful
with an innovation project.

Steps

Scenario: An appliance maker is looking to develop a better solution for the
job of washing clothes in the home environment, but doesn’t fully understand

15
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EXHIBIT 3.1 Every product, service, or solution in the marketplace contains a certain
degree of value relative to others. The goal is to fulfill desired outcomes to the greatest
extent possible and avoid undesired outcomes to the greatest extent possible.

how to do this or where to begin—or if any real opportunities for innovation
exist. Before delving too deeply into ideation, the innovation team wants to
understand the opportunity space using the Value Quotient technique.

1. Agree on and Document the Job to Be Done

The appliance company decides the JTBD is to clean clothes at home. See
Jobs To Be Done (Technique 1) for more guidance on how to formulate and
prioritize jobs for innovation.

2. ldentify the Desired and Undesired Outcomes

For the job of cleaning clothes at home, Exhibit 3.2 lists a sampling of
expected outcomes, desired and undesired, from both the provider’s and
customers’ perspective. See Outcome Expectations (Technique 2) for more
guidance on how to identify and document desired and undesired outcomes,
as well as how to determine their relative importance.



Value Quotient 17

Value Analysis

-: == == i breswkon
| e il Sobediing

igh

L W T

Loy =] [} L - L - e &

Compealy, Stain | Costof | Cparing Damape | Timeto | Harm 1o Hesoeroe iirinkles
rameesl | aenenehn o elecSvacses o fsbne | clikin anvissimant urige Dacklen,
BRI, ]

{ Exgeched Oufcomes

EXHIBIT 3.2

3. Plot the Ideal Innovation

For each important outcome expectation, plot the ideal innovation on avalue
graph using a scale from low to high as shown by the dotted line in Exhibit
3.2. This hypothetical exercise helps you imagine a state in which all desired
outcomes are met and all undesired outcomes are avoided.

This state then becomes your innovation baseline; rather than starting
from what you have (existing solution), you start with the perfect solution
in mind and work backward. If you were to discover and develop a perfect
solution for the JTBD, what would it be?

Coming back to our example, could a cleaning appliance wash all types
of clothes in only one simple mode? Could all stains be removed from
all clothes every time? Could clothes be cleaned without detergent? Could
clothes not only be washed, but come out of the system free of wrinkles?

Even beyond this, why wash clothes at all? Some have experimented
with nano-particles of titanium dioxide, a substance that can be coated onto
clothes in a thin layer; the substance then reacts with sunlight to break down
dirt and other organic material. Others have proposed infusing clothing
fibers with bacteria that eat dirt, in essence enabling the clothes to clean
themselves.
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There is a huge difference between starting an innovation discovery
process with these ideals versus starting with whatever you do or offer cus-
tomers today. The mind is like a rubber band, and the notion of the ideal
innovation can only help stretch it. Therefore, if you are designing an inno-
vative way to clean clothes, start with the perfect solution in mind and work
backward from there.

The ideal innovation concept is borrowed from the Theory of Inventive Problem
Solving (TRIZ), which calls this perfect state the ideal final result. As a ratio, the
value quotient approaches infinity, or a state where all benefits of a solution
are achieved at zero cost and zero harm. In TRIZ terminology, this is called
working backward from perfect, which forces the innovator to break through
his or her psychological inertia into new, less limiting domains of thinking.

4. Plot Existing Solutions

After plotting the ideal innovation, the task is to plot existing solutions in
the same manner according to the expected outcome dimensions. The key
is to make plots in as many different ways as you want or need. You can
plot your solutions against the ideal innovation or different competing solu-
tions, or you can make your plots using different outcome expectations, or
dimensions.

Play around with this tool (but seriously) to teach yourself with whom
and what you are really competing, and to make yourself swallow the bitter
pill of how your current solution really stacks up.

Exhibit 3.2 illustrates the representative current state of all solutions
based on using a machine and detergent to wash clothes at home—the ex-
isting standard. Our depiction of this state for each outcome dimension is
based on back-of-the-napkin estimations for illustration purposes only. Note

that current solutions usually fall short on outcome dimensions relative to
the ideal.

5. Identify Opportunity Value Gaps

While every gap between what exists today and the ideal is an opportunity
for innovation, it is most intelligent to determine which outcome dimensions
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are ripe for exploration and exploitation. In doing this, look for any of the
following three conditions based on an importance-satisfaction assessment;
see Outcome Expectations (Technique 2) for details.

e Condition 1: Customers report the dimension is very important but their
satisfaction is low. This is an opportunity to raise the bar of desired
benefits or outcomes offered.

e Condition 2: Customers report that the dimension is not very impor-
tant and are satisfied. This is an opportunity to lower the bar of de-
sired benefits or outcomes offered and, thereby, lower cost and increase
accessibility to more customers (low-end disruption).

e Condition 3: There is no good solution so the customers cannot say
whether they are satisfied. This is an opportunity to introduce a new
solution that exceeds customer expectations and makes them say wow.

In our stylized clothes-cleaning example, the outcome dimension of time to
clean is a Condition 1 opportunity—customers find it very important but
are largely dissatisfied. The dimension called complexity is a Condition 2
opportunity—customers are satisfied with current washing options and
could even accept fewer choices or washing modes. Finally, the dimension
of wrinkles is a Condition 3 example—customers don’t expect that clothes
could come out of their washing machines free of wrinkles, so if you can
provide this, you will wow them.

6. Close the Value Gaps

Narrowing value gaps is a matter of ideating and developing superior so-
lutions by moving through the innovation process and applying various
techniques and tools. For example, Sanyo engineers received a patent (U.S.
7,296,444 B2) for an electric washing machine that generates water streams
containing an electrolyzed liquid that cleans clothes without detergent. In
doing so, this creates the potential to close several value gaps, including a
reduction in the total cost of ownership, a reduction in harm to the environ-
ment, a reduction in resource usage, and a reduction in germs and bacteria
left in clothes after washing.
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Recognize that if you can move your solution closer to the ideal innovation and
beyond any and all competitors, then you have successfully innovated. Much
more importantly, recognize that if you cannot move your solution (or business
model) materially closer to the ideal innovation, then you will fail at innovation.

Additional Example

As of 2007, Legalzoom.com had served more than 500,000 customers with
its web-based, wizard-driven, document-preparation service. Need a will?
Getting divorced? Want to change your name? Just cruise the Legalzoom
web site, and for between $30 to $300 you can get just about anything
done—as long as it is a commoditized, document-based legal function that
doesn’t really require the expertise of an attorney. This is only a small fraction
of what a law firm would charge, so it certainly improves the value quotient
of certain legal services.



TECHNIQUE 4

Ethnography

Observe your customers to uncover unarticulated needs.

thnography is a science that de-
scribes human social phenomena based on fieldwork and observation. Ap-
plied to the goal of innovation in business, ethnography is the practice of
observing how customers try to get their “jobs done” by using your offerings,
your competitors’ offerings, or neither.

For example, before inventing Quicken software, Intuit observed people
struggling to do the job of organizing and managing their personal finances.
Even though professional-caliber accounting software was available at the
time, many individuals were using computer spreadsheets or pencil and
paper to accomplish this job. None of these approaches met the expectations
of home users as well as Quicken does today.

By applying ethnography early in the innovation process, you may dis-
cover jobs and/or outcomes that customers have not articulated, especially in
cases where existing solutions fail or fall short. For the best results, however,
you will need to hire a trained ethnographer due to the discipline associated
with collecting qualitative data in the field and accurately analyzing the
findings.

Have you ever tried to complete a chore (like fixing a sink) that requires a
flashlight? If you need both hands to complete the job, you end up holding the
flashlight in your mouth or putting it down. Observing people in this predica-
ment led Black & Decker to invent the snake light—a light that can hold itself.

2]
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Steps
1. Plan the Study

Planning your ethnographic study involves making a few important deci-
sions, such as:

o When will you observe people? When they're purchasing your product or
service, or when they're actually using it? If you're looking to uncover
hidden jobs or customer expectations, then study people when they're
using it. Observations at the time of purchase can be beneficial for
discovering what appeals to people about the product/service price,
reputation, packaging, and so on.

e How will you observe people? Observation can be covert—watching
someone purchase a product or service without them knowing you are
watching. Or it can be overt—standing in someone’s kitchen watching
them cook, or going with them to buy a car.

e Who will you observe? If possible, observe both traditional and non-
traditional consumers of the product or service. You can learn a lot
by watching someone try to use something for the first time, or by in-
terviewing someone who uses a different product to get the same job
done.

o Where will you observe people? In their homes, places of business, or a
public place? Remember, the point of ethnography is to observe people
in their native environment, not in a lab or conference room as part of
a focus group.

e For how long will the ethnographic study take place, and how many
people will you observe? Will an ethnographic blitz, a one-week pe-
riod of observation and interviews, suffice? Remember, you're try-
ing to understand customer needs better, not gather statistical data,
so the quality of participants, not the quantity is what matters
most.

Ethnography uncovers not only conscious, but also subconscious emotional
and biological needs. As such, it cannot be replaced by focus groups where
participants provide primarily cognitive opinions.
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2. ldentify Participants

Identify specific participants and obtain their permission to be part of the
study. Be sure to clearly convey to them the purpose of your study, what type
of information you will be documenting, and how the results will be used.
Even if you are observing people covertly in a store or restaurant, you'll still
need to approach the owner for permission.

Ethnographers for Citigroup spent time watching how subway patrons paid
for their rides. Based on the preferences they observed, Citigroup designed a
key chain tag that could be easily swiped by riders as they pass through the
turnstile, thus avoiding the need for passengers to fumble for tokens or take out
their wallets in a crowded station.

3. Observe Participants

When you begin the ethno-
graphic study, your primary
task is to observe and take
notes on how people interact
with your product or service
and what they think about it
(Exhibit 4.1). As you do this,
ask yourself these basic ques-
tions: et by

il
Vi 5

e Why is the person using
this  product/service?
What's the job to be
done? What are their
expectations? When
Kaiser Permanente set
out to design a new
hospital, an ethno-
graphic study revealed
that people who go to EXHIBIT 4.1 This plethora of notes and images was

a hospital had many gathered by Flow Interactive Ltd. for a client during
needs. In addition to the an ethnographic study.
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obvious—getting medical attention, visiting a patient—people some-
times required food, child care, or spiritual counseling.

Are they using the product/service as designed, or in a way that is un-
expected? For example, would companies who send unsolicited CDs
through the mail be surprised to see that many people use them for
drink coasters?

How does the person appear to feel about the product/service? Are they
pleased, surprised, frustrated, confused, indifferent? What would they
tell their friends and family?

If you're observing a process or service, do people (both customers and
employees) flow easily through the process? Are customers confused
about where to go? Do they have to wait in long lines? Are employees
tripping over each other trying to serve customers?

Do cultural needs, barriers, or misunderstandings affect the use of the
product/service? For example, Chinese appliance manufacturer Haier
found through observation that some customers used their clothes
washing machine to clean vegetables. This insight enabled them to cre-
ate an appliance that excels at both jobs (cleaning clothes and washing
vegetables).

During the study, it is imperative that you separate observation from interpre-
tation. Like a courtroom juror, you should only be concerned with the facts
while observing. There will be time later for analyzing the data you gathered
and drawing conclusions.

Here’s a list of recommended items to include in your field notes:

e Date, time, and place of observation.

e Specific facts, numbers, details of what happens at the site.

e Sensory impressions: sights, sounds, textures, smells, tastes.

e Personal responses to the fact of recording field notes.

o Specific words, phrases, summaries of conversations, and insider language.
e Questions about people or behaviors at the site for future investigation.

e Page numbers to help keep observations in order.

Source: Hammersly, “Ethnographic Research.” Here We Are Blog. http://wearehere.
wordpress.com/home/ethnographic-reasearch/. Comment posted May 4, 2006.
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4. Interview Participants

Depending on your desired level of interaction with the participants, you
may choose to interview them after observation. Although the key to ethno-
graphic discovery is impartial observation, interviewing can provide addi-
tional insight if you keep these basics in mind:

Ask open-ended questions that cannot easily be answered with yes or no.
Also, don’t try to limit participant responses to preordained categories
by asking questions like “How would you rate this product on a scale
of 1to 10?”

Remain sensitive to the participant’s beliefs, opinions, and concerns. If
a question makes someone uncomfortable, don’t force an answer.

Ask permission to record or videotape the interview, which will allow
you to review and categorize participant responses more easily.

If you're not an experienced interviewer, practice on an associate,
coworker, or friend—ideally, someone whom you don’t know very well
so you get a feel for what it’s like to interview a stranger.

For more interview tips, see “A Synthesis of Ethnographic Research,” by
M. Genzuk, PhD, University of Southern California Center for Multilingual,
Multicultural Research,www-rcf.usc.edu/~genzuk/Ethnographic_Research.pdf.

5. Collect Artifacts

Just as an anthropologist makes assumptions and draws conclusions about
a culture via tangible artifacts, a company can draw conclusions about its
products and services via the collection of behavioral artifacts. Obtain per-
mission to take with you any items that coincide with your observations or
provide additional information, including:

Pictures or video of people using the product or service.

Competitor or homemade items that accomplish the same job, or a
tangential one, as your product or service.

Participant-generated documentation such as homegrown manuals,
cheat sheets, FAQs, and so on.

Maps or diagrams of the process, along with notes about the flow of
people or objects through the process.
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Ethnographic observation often reveals ingenious solutions designed by
customers in lieu of commercial solutions. In Democratizing Innovation,
Cambridge, MA: MIT Press, 2006, MIT professor Eric Von Hippel encourages
businesses to learn from user-centered innovations in their industry.

6. Analyze Data

Sort the data you gathered from the ethnographic study, including observa-
tions, interviews, and artifacts. Watch for patterns or trends that can be used
to form one or more hypotheses. If you had a theory in mind before begin-
ning the ethnographic study, review the data to see if it can be supported.

7. Verify Hypothesis

Once you have a hypothesis, follow up with the participants in a focus group
or by survey to validate your theory. Alternatively, you could repeat the
ethnographic study with a different group of people—just be sure to keep an
open mind in case the new data doesn’t support your theory.

8. Document Findings

Finally, it’s helpful to prepare a written report that documents your
conclusions and as much of the data as possible. This information may help
others in the organization to better understand your customers, now or in
the future.

Resources

If you want a primer for using ethnography to better understand customers,
read:

Mariampolski, H. Ethnography for Marketers: A Guide to Consumer Immersion.
New York: Sage Publications, 2006.

For an in-depth, but reader-friendly approach to doing qualitative research,
look to:

LeCompte, M. D. and J. J. Schensul Ethnographer’s Toolkit (7 Vols.). Walnut
Creek, CA: AltaMira Press, 1999.



TECHNIQUE 5

Heuristic Redefinition

Draw a picture of your system and its parts to focus ideation.

euristic Redefinition is a visual ap-
proach for focusing and scoping an innovation project at the right level in a
system. For example, if you're trying to make a more fuel-efficient vehicle,
you would visually identify all the elements in the total system that affect
fuel efficiency, not just the elements that impact a vehicle’s engine.

Use Heuristic Redefinition when your innovation job to be done (JTBD)
is not well defined, or is broad rather than targeted in nature and you need
more specificity to take meaningful innovation action. This technique is very
helpful to innovation leaders who are assembling their innovation project
portfolios.

Steps

Scenario: Let’'s say a team called the Patient Crusaders is trying to make
dental patients more at ease. The team’s innovation job is to reduce fear and
increase comfort for our patients.

1. Visualize the Overall System and Its Elements

The team should create an illustration of the system for meeting the JTBD
(see Jobs To Be Done, Technique 1), showing all of its major elements.
Remember that any combination of functions can be considered a system
or a subsystem, no matter how large or small. The waiting room at a dental
office is a subsystem, and so is the dentist’s tool tray.

27
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Additional guidelines:

Prepare your illustration in any medium, but try to keep it sim-
ple (non-electronic) and openly visual to the team. Thus, a flipchart
or dry erase board is probably most effective. Artist skills are not
required!

The more system elements you identify, the more likely you'll find a
viable pathway to an innovation.

To stimulate identification of system elements, the team should ask
what, when, where, who, why, and how regarding the JTBD.

Combine this technique with Functional Analysis (Technique 13) or
Nine Windows (Technique 6) to bring as much system- and subsystem-
defining horsepower as you can.

The Patient Crusaders ask the following questions to help define ele-

ments of the reduce-fear-and-make-patients-feel-comfortable system:

What is happening? Patients are afraid of dental treatment, and find it
stressful and uncomfortable, if not painful.

When does it happen? Primarily during treatment, but the anxiety can
begin before upcoming treatment.

Where does it happen? Primarily at the dental office, secondarily in the
patient’s own mind before treatment.

To whom does it happen, or who causes it to happen? Patients and the
staff.

Why does it happen? Either actual fear is manifested, or uncomfortable
treatment methods are used, or both. Some of this is real, and some
may be patient perception.

How does it happen? Experiencing treatment, remembering past treat-
ment, or hearing horror stories about others’ experiences.

The Patient Crusaders drafted a picture that incorporated as many sys-

tem elements as they could define. In the process, they made many drawings,
had some debates, and finally aligned their thinking.
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2. Label System Elements and How Each Relates to the JTBD

The task now is to label each system element in a way that characterizes
its impact on the JTBD—whether positive or negative. Ask, “How does this
element impact the JTBD or its associated outcome expectations?”

Consider relationships, connections, and influences between elements
by asking:

e How are the elements related?
e What are the influences between elements?

¢ Do any natural or scientific laws apply?

The labeling process should be detailed and lively, with debate and
discussion—and with a strong facilitator. The result is a revised illustra-
tion that labels all the system elements in terms of their relationships and
influences on the JTBD.

The Patient Crusaders end up with a 10-element system for reducing
fear and increasing patient comfort (Exhibit 5.1), including the following
areas of focus:

1. The patient during treatment, who may be scared, anxious, or
uncomfortable—or calm and feeling good about the visit.

2. A potential patient anticipating an upcoming visit who may be looking
forward to it, or dreading it.

3. The tangible results and benefits of a successful patient visit.

4. Dental staff and their skill level regarding pleasant, comfortable treat-
ment.

5. Current process components (tools and techniques) that are perceived
as “bad” by the average patient.

6. Current process components (tools and techniques) that are perceived
as “good” by the average patient.

7. The interaction between staff and patient during treatment.
8. The waiting area at the dental office.
9. The clinical practice rooms.

10. Preventive techniques.
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REDUCE FEAR & INCREASE COMFORT
AT A DENTAL OFFICE
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EXHIBIT 5.1

Often the big “ah ha” when applying Heuristic Redefinition is the many new
problem statements, or lower-order JTBDs, that pop up as a result of dissecting
the high-order JTBD. Just when you thought you knew what you needed to
do, Heuristic Redefinition can help you define this in a way that enables real
innovation breakthrough at an actionable level.
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3. Create Problem Statements for Each Element

Now you are ready to translate each system element into its own job state-
ment, or scoped JTBD. Starting with Element 1, ask how it can contribute to
fulfilling the JTBD. For each element, ask, “How can we ensure that [Problem
Statement] so that [JTBD] is accomplished?”

In essence, you are scoping in or scoping out for your innovation project.
As you do this work, you'll be carefully investigating the relationship between
each stated system element and its parent JTBD.

These problem statements (Exhibit 5.2) now your guiding questions
as you probe further about what parts of your system are ripest to yield
innovation.

4. Pick the Best Elements for Innovation

This is essentially a prioritization activity using a devised rating scheme.
First, enter your new problem statements into a matrix. Then rate each
problem statement’s impact on these three criteria:

1. Likelihood of achieving the JTBD.

2. Ease of implementation.
3. Expected impact on the JTBD.

The rating scheme is as follows:

Good/High = 3
Average/Medium = 2

Poor/Low =1

Totals are calculated by adding the numbers in all three criteria columns
of the matrix, and the results are highly considered when looking for inno-
vation focus areas. As long as there are no conflicts with company strategy
or needs, these focus areas should be your best roads to innovation.

Some questions you can ask in this regard are:

Does the problem statement support company strategy?

Is the risk level too high or too low?

Is it even worth pursuing?

Is there the will and consensus to tackle the problem?
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Problem Statement Prioritization Matrix
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EXHIBIT 5.2 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.
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Based on the prioritization matrix shown in Exhibit 5.2, the Patient

Crusaders determined that the highest-scoring problem statements—4, 5,
6, and 7—were the best ones to pursue in coming up with an innovative
solution for the JTBD. Some of the team’s thinking was as follows:

Statement 1 was really the focus of the entire effort and didn’t really
fit well as a problem statement. All other statements seemed to drive
toward number 1.

The team decided there was little it could do to influence statements 2
and 3 regarding the patient’s anticipation of upcoming treatment and
awareness of positive outcomes.

Statements 8 and 10 seemed difficult to implement with minimal impact
or likelihood of accomplishing the JTBD.

The highest scoring statements were 4 and 7, and interestingly both
involved staff. The team felt strongly that these should be pursued with
rigor, and further discussion suggested that the two statements could
be combined since they are closely related.

Statements 5 and 6 were also closely related and scored similarly high.
The team felt a problem statement could be assimilated from these
two that would involve improving the overall application of standard
good-practice tools, equipment and procedures.

Statement 9 also scored high. However, the team felt that pursuing
statements 4, 5, 6, and 7 would positively impact the issues of treatment
time and atmosphere. Thus, they elected to forgo pursuing statement 9
in lieu of pursuing the others.

Before ideating further, the Patient Crusaders stopped to celebrate their

success in framing their innovation challenge in a way that made it more
actionable. But their work was far from over. By rolling this work forward
into the next innovation phases, they ideated and refined their ideas for
solving these problems until they converged on an innovative hospitality
program, a set of new technologies, and a unique patient communication
system. See KJ Method, (Technique 27) for more details.

The Heuristic Redefinition technique was developed by Dr. Helmut Schlick-
supp, a German author and consultant who began researching and developing
creativity methods several decades ago.
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Additional Example

Say you want to make a house more energy efficient (a JTBD). But instead
of tackling this problem as a whole, you could use Heuristic Redefinition
to visually break the problem into smaller pieces. You could focus on any
number of relevant system components: the house itself, its insulation, the
sun outside, the surrounding trees, the windows, the shades or blinds, the
awnings over the windows, major appliances, or the house’s ventilation sys-
tem. With this breakdown, you can see the whole system and begin to hone
in on the part(s) that promise to yield the most innovation for the least
amount of effort, time, and resources invested.

Resources

For more examples of Heuristic Redefinition see:

King, B., and H. Schlicksupp. The Idea Edge: Transforming Creative Thought
into Organizational Excellence. Salem, NH: Goal/QPC, 1998.



TECHNIQUE 6

Nine Windows

Looking at your opportunity through nine different lenses.

ine Windows is a technique that
helps you examine the innovation opportunity across the dimensions of
time (past, current, future) and space (super-system, system, subsystem).
For example, suppose you're designing metal utensils that can be used on an
airplane to eat, but cannot be used as a weapon. Instead of innovating the
utensils themselves, you could focus your efforts on the raw materials that
make up the utensils (subsystem), or even on the surrounding environment
(super-system).

The core of Nine Windows is a simple grid consisting of nine boxes,
or windows. Filling in the boxes provides eight additional perspectives on
the problem you've identified and helps you decide how and at what level to
apply innovation. As such, you should leverage Nine Windows early in your
project to better scope the innovation opportunity.

Steps

Scenario: To illustrate Nine Windows, let’s say we want to grow Pitaya, a
plant that produces the unusual-looking, but tasty and highly nutritious
“dragon fruit” (Exhibit 6.1). Pitaya grows best in tropical, semi-dry environ-
ments, but we want to farm it in Colorado. So, our goal is to determine a
way to cultivate the Pitaya plant in a colder climate.

35
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1. Prepare Nine Windows Grid

On a white board or flip chart,
draw nine boxes arranged in a
3 x 3 matrix. Label the bot-
tom row of boxes (from left to
right): Past, Present, Future. La-
bel the far left boxes (from top
to bottom): Super-system, Sys-
tem, Subsystem (Exhibit 6.2).

2. Fill in the Center Box

In the center box, put a brief
description or a picture re-
lated to the innovation oppor-
tunity or JTBD (see Jobs To Be
Done, Technique 1). In our ex-
ample, the distinctive dragon
fruit may be the first thing that
comes to mind. However, since
we want to make the Pitaya
plant more tolerant to colder
climates, we’ll put that in the
center box instead of the fruit.

EXHIBIT 6.1 Dragon fruit with its antioxidant
properties has captured the attention of main-
stream companies including Snapple, Tropicana,
and Sobe.

You can use words or images, or a combination of both, in the Nine Windows.

3. Identify SuperSystem and Subsystem

In the present dimension (middle column), fill in the super-system and sub-
system boxes above and below the center box. You can write (or draw) more

than one item in each box.

e The super-system relates to how the system or object interacts with
the surrounding environment. To complete this box ask, “What larger
system encompasses the system or object?” For the Pitaya plant, the
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EXHIBIT 6.2 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for

download at www.innovatorstoolkit.com/download.

super-system consists of the soil, the climate, and surrounding trees,

which the plant often uses as support.

¢ The subsystem breaks the present system or object down into the com-

ponents and characteristics that constitute it. To complete this box ask,

“What makes up the object in its present form?” The Pitaya subsystem
includes the plant’s fruit, leaves, and roots.

Nine Windows is also known as system operator because it enables you to see
how a system operates at both the macro (super-system) and micro (subsystem)

levels.
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4. Determine Past and Future

Now fill in the past and future boxes to the left and right of the center
box. Don't limit yourself to just the immediate past or future. Instead, ex-
periment with defining this temporal dimension in more than one way by
asking:

e What did the system or object look like before its current incarnation,
and what will it look like in the future?

e Where was the system or object before its present state, and where will
it be in the future? The answer can range from a few seconds to years
into the past or future.

¢ What happened to the system or object from its creation to its present
form or function? What will happen after it ceases to function in the
present?

e Before the present system or object existed, what was the previous
solution for the JTBD, and what future solution could be developed to
address the same JTBD?

¢ How can the system’s inputs be modified to eliminate, reduce or prevent
a harmful function, event or condition from impacting the output? Or,
how can the system’s output be modified in a corrective or reactive
way?

In addition to enabling you to better scope the innovation opportunity, Nine
Windows can be used to generate solution ideas, to determine what resources
are available at each level, or to review contradictions inherent in the particular
dimensions that could affect the system.

5. Complete the Grid

Last, fill in the four corners—the past and future states of the super-system
and the subsystem. You can complete these four boxes in any order. Although
you don’t have to fill in all the corners, it's worth spending a few minutes
trying. If you get stuck, take a short break and return to the problem with
fresh eyes. The answers will depend on the specifics of the super-system and
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subsystem you defined in step 3, as well as the approach you took to the
temporal dimension in step 4.

6. Reassess Opportunity

After filling in the Nine Windows grid, reassess the innovation opportunity
to determine if you should focus your efforts at the system, subsystem or
super-system level, and in which temporal dimension.



TECHNIQUE 7

Job Scoping

Broaden or narrow your innovation focus.

ob Scoping ensures that the innova-
tion opportunity is effectively targeted at an actionable level. If the project
scope seems too broad, Job Scoping helps you drill down a level by identi-
fying obstacles that could keep you from achieving your goal. If the scope
is too narrow, Job Scoping moves the focus up a level to explore why you're
working on the innovation problem in the first place.

Scoping an innovation project is important because the way you define
the opportunity, or the job to be done (JTBD), can make the difference be-
tween a run-of-the-mill solution and a truly innovative approach. Although
similar to Nine Windows (Technique 6), Job Scoping may take your project
in a completely different direction, so it's worthwhile to apply both tech-
niques early in the innovation project.

Steps

Scenario: Suppose you have been asked to reduce the amount of finished
goods inventory in your company’s warehouse. Others have tried to solve
this problem in the past, but have failed. You can use Job Scoping to come
up with an innovative solution that addresses the problem at the right level.

1. List Current Focus

Use the Job Scoping format (Exhibit 7.1) and write the innovation opportu-
nity or JTBD in the center box. Use the preferred job statement format—an

40
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EXHIBIT 7.1 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.
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action verb (reduce), followed by the object of the action (inventory), and
a contextual clarifier (in finished goods warehouse). See Jobs To Be Done
(Technique 1) for more information.

2. |dentify Barriers

Scope the opportunity down a level by asking, “What is the narrower prob-
lem?” Write the narrower problem in a separate box below the center box.

3. Develop New Jobs

Based on the barriers you listed, brainstorm one or more new jobs (projects)
that could address the issue at this level. Be as specific as possible. Write
the new jobs below the related barrier. For instance, you might choose to
reduce warehouse inventory by better managing expired products. This is
a more granular, and possibly more actionable, approach than the broad
original focus.

4. Identify Reasons

Next, scope the project focus up a level by asking, “What is the broader
problem?” This helps the team challenge the expected benefits of the project,
and provides a bigger-picture perspective of the issue. Write the broader
problem in its own box above the center box.

If you were tasked with working on the problem, instead of simply listing that
as a reason, try to discern why you were asked—put yourself in management’s
shoes and figure out what they’re really concerned about.

5. Develop New Jobs

Based on the reasons you listed, brainstorm new jobs (projects) that could
address the problem at this level. Write each new job above the related
reason. For example, instead of reducing inventory in the warehouse, you
might discover that the real issue is customer complaints due to poor
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inventory management, or a lack of working capital. Addressing either of
these issues would result in a much different approach than the original
project focus.

6. Determine Project Focus

After applying Job Scoping, you may decide to change the focus of the
innovation project to make it more actionable. Whether you do or not, just
be sure the focus is clear before moving on.



TECHNIQUE 8

Stakeholder Management

Get key influencers involved and on your side.

takeholder management helps you
identify key stakeholders—people who have a vested interest in your in-
novation project—along with each person’s level of support or resistance.
Whether you're enhancing your existing products or services, adding some-
thing new to your offerings, or pioneering a breakthrough business model,
you are in essence changing the status quo. Where there is change, there is
pain, and where there is pain, there is resistance.

Resistance comes in all forms, from outright disagreement to subtle op-
position, even subconscious sabotage. Stakeholder management helps you
identify and understand the opposition your project may face so you can
convert disbelievers into disciples—or at least minimize the damage they
may cause. The Stakeholder Management technique includes three tools
that will get you started, although formal change leadership training can
take your skills in this area to a more effective level.

Steps

Scenario: In addition to using stakeholder management to gain support for
an innovation project, you most certainly should leverage it when under-
taking any large organizational initiative. For instance, imagine that your
CEO feels strongly that innovation is the key to your company’s growth, and
charges you with leading an innovation deployment. Stakeholder manage-
ment can help you identify who besides the CEO is in favor of the initiative
so you can leverage supporters and move detractors in the right direction.

44
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1. Identify Key Stakeholders

A stakeholder diagnostic identifies key stakeholders, along with their current
level of support for the project (Exhibit 8.1). Most importantly, it documents
how supportive you need each stakeholder to be to help make the project a
success. As you complete the stakeholder diagnostic, keep the following in
mind:

e Key Stakeholders: These are individuals who have direct influence over
the project, or who will be directly affected by it, and who can influence
other stakeholders, employees, vendors, and even customers.

* Role in Organization: List the stakeholder’s title. Make sure that every
affected organizational area is covered (including often neglected areas
such as Marketing or Information Technology).

e Impact of Project on Stakeholder: Estimate the impact of the project
on each stakeholder. How much will the project change the way they
work?

e Power/Influence Category: This column tracks how much power the
stakeholder has in the organization, relative to the influence they hold
over the project. Skip it until step 3.

e Current/Desired Level of Support: Indicate what you perceive to be the
stakeholder’s current level of support for the project. Note: you'll deter-
mine the stakeholder’s desired level of support in step 3.

* Reasons for Resistance or Support: Document why you believe the stake-
holder is opposed to or in support of the project. If you're not sure why
the person leans one way or the other, ask them.

Remember, the information uncovered in the stakeholder management process
is confidential. It is only for use by the project leader and team.

2. Determine Stakeholder Power and Influence

Now that you know who your stakeholders are, and to what degree they
support the project, you need to decide where to focus the majority of your
stakeholder management efforts. Using a power and influence map, indi-
cate where each stakeholder lies relative to their power in the organization
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and their influence over the
innovation project. On the
map, each quadrant repre-
sents a specific power and
influence ratio, as follows:

Quadrant A = HIGH
power and HIGH in-
fluence

Quadrant B = LOW
power and HIGH in-

fluence

Quadrant C = HIGH
power and LOW influ-
ence

Quadrant D = LOW
power and LOW influ-
ence

In our example, M.
Rieger has high power in
the organization but less

Powrar and Influence Map
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EXHIBIT 8.2 (Downloadable).  Stakeholders in
Quadrant A have high power in the organization and
a lot of influence over the project, making them the
most important fo manage.

Copyright (C) 2009, Breakthrough Management Group. A blank version
of this customized form is available for download at
www.innovatorstoolkit.com/downl oad.

influence over the innovation deployment than most other stakeholders
(Exhibit 8.2). Thus, any resistance on her part will be less consequential
than those who have more control over the deployment.

3. Revisit Stakeholder Diagnostic

After filling out the power and influence matrix, return to the stakeholder
diagnostic and fill in the remaining items:

e Power/Influence Category: Enter the corresponding quadrant letter for
each stakeholder (from step 2).

¢ Desired Level of Support: In the same area where you documented the
stakeholders’ current level of support, indicate the desired level of sup-
port (how supportive you need each stakeholder to be). This will de-
pend on both the impact of the project on the stakeholder, as well as
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the stakeholder’s level of power and influence (you’ll want all the A’s to
be supportive or strongly supportive).

4. Develop Plan to Reduce Resistance

Now that you know whose support you must gain, there are several ap-
proaches you can use (see the list that follows) to convert the most powerful
and influential naysayers into advocates. The approach you take to move
each stakeholder in the right direction will be based on many factors, in-
cluding the reasons that spawned the resistance in the first place.

e Education and Communication: If there is a lack of understanding about
the project or its objectives, focus on upfront communication and ed-
ucation. In our example, the vice president of marketing could attend
an innovation class or read more about the benefits of an innovation
deployment. This would improve her support and she would also be
able to help convey the benefits to others.

e Participation and Involvement: If you have stakeholders with consid-
erable power to resist, find ways for them to participate early and
throughout the project. This gives them the opportunity to influ-
ence the project proactively instead of reactively. In our example, the
very resistant vice president of research and development should def-
initely be involved early and remain a key player in the innovation
deployment.

e Facilitation and Support: If stakeholders are resisting the project due
to fear and anxiety, provide extra facilitation and support. This could
mean putting anxious stakeholders in touch with others who have gone
through similar efforts—an approach that might convince our fictional
CFO that an innovation program, if deployed properly, will raise prof-
itability instead of threatening it.

e Negotiation and Agreement: If a stakeholder or group will be negatively
affected by the project, try to negotiate a compromise that will please
both sides. For instance, you could work with the vice president
of business development to prioritize and possibly reduce some of
the daily workload so the innovation deployment resource needs
can be met.
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Common Reasons for Resistance

e Misunderstanding: Based on communication failures and inadequate infor-
mation.

e Low Tolerance to Change: Based on job insecurity or lack of organizational
stability.

e Different Assessments of the Situation: Based on disagreement over the ad-
vantages and disadvantages of the project or resulting change.

e Parochial Self-Interest: Based on concern over how the project or change will
impact an individual’s own interests.

5. Complete a Leverage Matrix

A leverage matrix is used to rank the level of influence stakeholders have on
each other. This comes in handy when, for instance, you need to move a
stakeholder’s support level from opposed to supportive, and you realize that
another stakeholder can help move this person in the right direction.

Next to each name on
the matrix, there is a num-

ber to the left. Correspond- | P )
. b Leverage Matrix
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(CFO) and #4 (CIO), but high EXHIBIT 8.3 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank

1nﬂu?n_ce Over everyone else version of this customized form is available for download at
(Exhibit 8.3). www.innovatorstool kit.com/downl oad.
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6. Update Documents as Needed

Stakeholder management is not a one-time check in the box. As you move
through your project, it is important to update your approach based on new
stakeholders and shifts in stakeholder support.

Resources

To learn more about stakeholder management and change leadership, read:

Kotter, J. Leading Change. Watertown, MA: Harvard Business School Press,
1996.



TECHNIQUE 9

Cognitive Style

Leverage the diversity of your exploiters and explorers.

ognitive style is an individual’s
preferred approach for solving problems and can be measured along a
continuum from adaptive to innovative. While adaptors are more prone to
inside-the-box thinking and tasks, innovators are more prone to outside-the-
box thinking and tasks. To run an innovation project from end to end, you
always need some mix of both innovators and adaptors.

When all team members understand their own cognitive style, as well as
the styles of other team members, the process of working together becomes
much smoother and more productive—and you avoid unnecessary conflicts
and delays. For example, a more adaptive team member who would ordinar-
ily be frustrated with a more innovative team leader can, instead, understand
the differences and use them to the team’s advantage.

Background

Several factors affect a team’s chemistry and success with innovation. Moti-
vation is one factor, and there are known approaches for managing this. Level
is another success factor, and it refers to (a) a person’s current knowledge
and/or skill and (b) a person’s potential capacity for problem solving. We
also have sound and established instruments (tests and IQ measurements,
for example) for assessing these dimensions. Then there are resources—such
as materials, money, machines, and tools—and these are typically well
known.
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7

| INNOVATORS ADAPTORS |

EXHIBIT 9.1 Adaptors and innovators have different approaches to solving problems.

What's not typically known or understood is the critical aspect of team
members’ respective cognitive styles. Cognitive style researchers have proven
that people who are more adaptive prefer to accept and work within the
given paradigm; those who are more innovative prefer to solve problems by
looking at them from new angles and perspectives (Exhibits 9.1, 9.2, 9.3,
and 9.4).

It’s also important to realize the relationship between preferred style
and behavior. Actual behavior is a combination of preferred style and learned
coping behavior. If you have a more adaptive style and you have to perform
tasks that have few guidelines or established structures, you will need to
resort to coping behavior, and this will create stress in the long term. The
converse is also true.

All innovation projects have steps that are adaptive and others that are
innovative in nature. Therefore, you need a collaborative team with the ap-
propriate motive, resources, cognitive level, and diversity of cognitive style.
But research shows that people with differing cognitive styles struggle to
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get along—creating communication, trust and productivity issues. There-
fore, make sure team members know and understand each others’ cognitive
styles so they can leverage each others’ advantages and supplement each
others’ disadvantages at all stages of the innovation project.

Steps

Scenario: Let’s assume you're assigned to a new cross-functional team tasked
with developing a car that consumes carbon monoxide instead of producing
it. Given the magnitude of the breakthrough innovation required, it’s advis-
able to select team members with diverse backgrounds, a variety of different
skills, and a range of different cognitive styles.

1. Identify Potential Team Members

Choose team members with a variety of technical and nontechnical skills,
experience, and motivation related to the specific job statement or JTBD (see
Jobs To Be Done, Technique 1).

2. Examine the Cognitive Style of Each Team Member

To determine the best fit for the task at hand, given the pool of potential
candidates, be aware of the cognitive style that each team member brings to
the task. You can do this in one of two ways:

1. Ask the following questions about the team members (in comparison
to a reference person):

¢ Does this person tend to question established rules, assumptions, and
structures?

¢ Does this person become frustrated or annoyed with details?

¢ Does this person tend to have a steady stream of ideas without too
much concern about how they’re implemented?

If the answers to the above questions are “yes,” then this person is more
innovative than adaptive. If the answers are “no,” then the person is
more adaptive.



54 DEFINE THE OPPORTUNITY

2. If you want a more sophisticated way to determine cognitive style,
use the Kirton Adaption-Innovation (KAI) Inventory, a highly vali-
dated and reliable psychometric instrument developed by psychologist
Dr. Michael Kirton. Available at www.kaicentre.com, the KAI inventory
works like this:

¢ An individual responds to a series of 33 statements by marking re-
sponses on a range from very easy to very hard.

e The KAI instrument is then scored by a certified facilitator to deter-
mine a primary KAI score and three KAI subscores. Primary KAI
scores range on a normally distributed numerical scale from 32
(most adaptive) to 160 (most innovative), with a mean of 96. How-
ever, the observed range from worldwide data is 45 to 145 with a
mean of 95. All scores are relative; there are no pure adaptors or
pure innovators, so we often use the terms “more adaptive” and
“more innovative” to describe the relationship between two people

(Exhibit 9.2).
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EXHIBIT 9.2
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A KAI facilitator then provides feedback to the individuals about the
KAI instrument and highlights key insights about the scoring.

e The group is divided into smaller teams of participants with similar
KAI scores; each team spends 15 minutes developing solutions to a
specific problem that will be reported back to the group.

e Each team delivers a brief report summarizing their approach and
the solutions generated.

e The facilitator highlights the differences between the different teams’
styles, showing how the more adaptive team’s approach differs from
the more innovative team’s approach.

Cognitive Style Insights
General

¢ All people are creative and solve problems.

e Cognitive style (adaptive or innovative) is different and unrelated to
cognitive level (knowledge and capacity).

e There is no one best cognitive style.

¢ One’s preferred cognitive style is genetically determined and stable over
a lifetime.

e A group needs both adaptors and innovators to be effective over
time.

e Forcing someone to work outside their preferred style (comfort zone)
will cause stress; in the short term this might be okay, but in the long
term it will lead to a breakdown in communication and reduction in
productivity.

Don’t mistake poor performance to always be a symptom of low problem-
solving level or motivation. Instead of jumping to replace these team members,
examine how you might reassign tasks to achieve better alignment with their
preferred cognitive styles.
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Adaptors

e The more adaptive tend to focus on doing things better, often within
the problem definition or paradigm. Adaptors tend to be agents of
stability.

e Adaptors seek solutions in tried and understood ways. Adaptors are
seen as precise, reliable, and methodical. They look at the problem and
want to solve it efficiently.

e High adaptors tend to rarely challenge the rules and usually only do so
when assured of support.

e Adaptors produce fewer ideas that are more manageable, relevant,
sound, and safe for immediate use. Expect a high success rate from
these ideas.

EXHIBIT9.3 Thomas Edison borrowed EXHIBIT9.4 Albert Einstein questioned
new paradigms discovered by others and  the existing Newtonian paradigm, which
preferred to perfect them methodically, enabled him to discover the Theory of Rel-
systematically and in a precise manner. ativity. Einstein was more of an innovator
Edison was more of an adaptor. than an adaptor.
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Innovators

e The more innovative tend to focus on doing things differently, often
operating outside the parameters of the problem definition or current
paradigm. Innovators tend to be agents for change.

e Innovators are expected to question the assumptions behind the prob-
lem at hand, and will often manipulate and redefine it. They are seen
by adaptors as undisciplined and prone to tangential thinking.

¢ Innovators tend to view rules and structures as limiting or hindering
progress, and they want to solve problems in novel ways.

e High innovators produce many blue-sky ideas that they consider excit-
ing, and they tolerate high idea failure rates.

Teamwork and Collaboration

e The larger the gap between people’s cognitive styles, the harder it will
be to collaborate, communicate, and solve problems.

Role of the Bridger

Bricqar

Riole

Innavatar
[preferred. skhyls]

Adanter
[gredernad shlel

Coping |
[Hstance

45 -  Dbzarved Range of Stores = 145
\ F

EXHIBIT 9.5 A bridgeris someone whose preferred cognitive style lies in between adap-
tors and innovators, and who plays the role of helping overcome communication and
other barriers to progress.
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e Abridgeris a person who helps facilitate communication and teamwork
between high adaptors and high innovators (Exhibit 9.5).

¢ People who are more innovative can lead the opportunity-identification
and ideation phases of the innovation process, while those who are
more adaptive can lead the design and implementation phases.

Resources

Kirton, M. J. Adaption-Innovation: In the Context of Diversity and Change. New York:
Routledge, 2003.



TECHNIQUE 10

Project Charter

Keep your innovation team focused and on track.

he Project Charter keeps your inno-
vation team focused and on track, and it ensures that you manage the risks
associated with innovation closely, carefully, and effectively. You wouldn’t
start a business without a well thought out and carefully designed plan. And
you shouldn’t take on something as risky as innovation without clearly doc-
umenting your objectives, your key assumptions, the projected return on
investment, and many other data points that ensure your team and other
stakeholders remain on the same page.

Regardless of the degree of innovation you're hoping to accomplish,
you should always make time for a Project Charter. It's important to note
that the Project Charter is not a static document you finalize early on, but
rather a dynamic technique that should be revisited, refined, and updated
throughout the life of the project.

The Project Charter and Innovation Financial Management are two of the
most important techniques in this book. After all, you can generate thou-
sands of clever ideas, but if no one needs or wants what you have to offer
then your time and money is wasted. Therefore, don’t overlook the value of
spending time up front, and throughout the project, continually verifying that
your innovation is marketable, feasible, and able to bring your organization
a profit.
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Steps

Scenario: Pikes Peak Coffee owns 32 coffee shops in three Western states. For
the past three quarters, the company has failed to deliver the type of growth
that stockholders are accustomed to seeing. One idea to spur growth is to
add a healthy, fresh breakfast item to the menu. Thus, the innovation project
Operation Feeding Frenzy was begun to determine what type of breakfast
offering would outperform the competition. We'll use the company’s Project
Charter to demonstrate this key technique (Exhibit 10.1).

1. Administrative Information

Document summary information that categorizes the innovation project
including:

e Project Name: Create a name for the project that allows people to clearly
reference the effort. Instead of taking a purely literal approach, try
coming up with a creative and inspiring name.

e Type of Innovation: Categorize the focus of your innovation project as
either a product, process, or business model innovation.

e Project Leader: The project leader should have experience in applying
innovation techniques and facilitating change teams.

e [nnovation Champion: The champion (executive sponsor) removes or-
ganizational roadblocks and provides feedback during project tollgate
reviews.

e Methodology: The D* methodology or other approach of your choosing.

e Degree of Innovation: Categorize the degree of innovation associated
with the project (incremental, substantial, or breakthrough) based on
the magnitude of the outcome or resulting change.

e Date of Completion: Start with your best estimate based on phase and
deliverable planning.

2. Business Case

A business case is required to justify the allocation of time, money, and
energy needed to make your innovation a successful venture. The business
case should be a compelling summary for why the project is necessary and
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EXHIBIT 10.1 (Downloadable). This is a femplate for an Innovation Project Charter.

As you move through the project, you will constantly revise this document.

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for

download at

www.innovatorstool kit.com/download.
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promising. Your business case can include any or all of the answers to the
following questions:

e What's the business reason for undertaking this innovation project?
e How is the outcome aligned with or linked to strategic objectives?

e Is the idea financially viable and in what way will it contribute to prof-
itable growth?

e Why is this an important opportunity and which customers (either
internal or external) does it benefit?

e What is the expected Return on Investment (ROI) for the project?
e Why should this project be a priority for the organization?

The business case is often based on initial assumptions (customers will buy
this innovative offering from us, we will recoup our investment on this project,
etc.). Just be sure to test these assumptions for validity as you move through the
project. Otherwise, you may find out too late that they weren’t sound.

3. Job Statement

A job statement is the job to be done (JTBD) summarized in a specific
format: verb (eat), object (a healthy breakfast), context (on the go). Note that
the job statement should be written from the customer’s point of view not
the provider’s (e.g., increase profits from new menu item). For more on this,
see Jobs To Be Done (Technique 1).

4. Customer

To build a robust Project Charter, it is important to identify the customers
who will benefit from the innovation outcome. Segment your existing and
potential customers by the job they’re trying to accomplish instead of demo-
graphics, product line, geography, and so on. For example, the obvious target
market for Pikes Peak Coffee’s new offering is coffee drinkers who want a
healthy breakfast on the way to work. Other customers might include ath-
letes after their morning workout, parents returning from dropping the kids
off at school, or students on the way to class.
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5. Unmet Outcome Expectations

To ensure that your innovation will provide real value to customers, it’s im-
portant to understand the major outcomes that are not currently satisfied by
existing solutions. Use Outcome Expectations (Technique 2) to generate a
list of expectations associated with the JTBD. Then, on the Project Charter,
list the key unmet expectations. Use the format: direction (minimize), mea-
surement (time needed to acquire), object of action (breakfast), and context
(in the busy morning).

Consider using focus groups or even Ethnography (Technique 4) to identify
unarticulated outcome expectations.

6. Competing Solutions

Understanding the competitive landscape is essential for developing success-
ful, profitable innovations. The key is to identify the current solutions for
the JTBD (not just a list of who you think your competitors may be). Make
a list of products, services, or processes that currently fulfill this job (well,
poorly, or in between).

You can use Value Quotient (Technique 3) to compare and contrast competing
solutions.

7. Key Assumptions to Be Tested

Most business endeavors evolve from a series of assumptions related to
functionality, outcomes, value, process, price, and so on. To identify which
key assumptions need to be tested for your innovation, start by creating a
comprehensive list of assumptions that are built into your idea. You can
use the approach of Innovation Financial Management (Technique 11) to
help with this task. Once you have a comprehensive list, prioritize your
assumptions and select ones that will have the greatest impact on the success
of the innovation. List these on the Project Charter.
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Common Assumption Categories

o Availability of reasonable solutions.

e Price the customer is willing to pay for the innovation.
e How the business model can support the innovation.
e Supply chain logistics.

e Operational capabilities.

e Speed to scale-up.

e Cultural acceptance.

e Other strategic considerations.

Early in the innovation project, your ratio of verified knowledge to
unverified assumptions will be low (there will be much you don’t know). It’s
important to test and validate your assumptions as the project progresses.
This increases your knowledge base, allowing you to make more informed
decisions—and giving you the opportunity to abandon the innovation effort,
if necessary, before you've reached your full investment.

8. Expected Financial Impact

Financial projections are often one of the most scrutinized aspects of an
innovation Project Charter, especially when executives are trying to select
which few innovation projects to fund. Almost all financial projections in-
clude estimates of revenue. Or, you can estimate profitability using Innova-
tion Financial Management (Technique 11). Either way, the financial pro-
jections listed on the Project Charter should be estimated from the point
your innovation will be available to customers, and should align with the
company’s current accounting periodicity (monthly, quarterly, annually).

Had Motorola tested its assumptions, maybe it could have avoided the billions
lost on its Iridium (satellite phone) product. Perhaps Apple Computer could have
curtailed its $350 million in losses on its handheld Newton device. Test your
assumptions as rigorously and often as possible if you want to avoid innovation
and business failures.
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9. Milestones/Timeline

Establish milestones and timelines for your innovation project by identify-
ing key deliverables. Milestones are often mapped against your innovation
methodology (with a tollgate review at the end of each phase). Or, they could
represent major steps toward the end result, such as Business Case, Feasi-
bility, Preliminary Design, Detailed Design, Pilot/Prototype, Prelaunch, and
Launch.

10. Project Investments

To complete the initial project investment estimates, identify the cost of raw
materials, people, training, time, capital expenditures, and other costs that
will be required to bring your innovation to market. You can use Innovation
Financial Management (Technique 11) to help you identify investment costs
relative to your assumptions.

11. Team

To select your innovation project team members, start by identifying the
combination of technical and change leadership skills that will be required to
bring your innovation to market. The appropriate number of team members
should be driven by the complexity and requirements of the innovation. You
can also examine the candidates’ problem-solving styles (see Cognitive Style,
Technique 9) to ensure an effective and diverse mix.



TECHNIQUE 11

Innovation Financial
Management

Constantly improve your assumption-to-knowledge ratio.

he innovation financial management
approach offers a clear advantage over traditional financial assessments. By
forcing you to articulate your assumptions early in the innovation process,
innovation financial management provides a systematic way to evaluate the
feasibility of your innovation before putting too much time, money, and
resources into it.

Consider the case of Euro Disney. When Walt Disney Company built the
park, one key assumption was that visitors would spend an average of four
days in an onsite hotel. The average turned out to be only two days. Alone,
this inaccurate assumption does not account for Euro Disney’s initially poor
return on investment. But it can be coupled with a host of other unverified
assumptions that cost the company nearly $1 billion in losses during its first
two years.

Any innovation is risky. Innovation financial management reduces this
risk by increasing the ratio of verified knowledge to unverified assumptions
as the project unfolds. This learn-as-you-go approach ensures that you have
the most accurate and updated information possible and enables you to
confidently proceed or abandon the project at any point.

Background

Many innovation projects fail because the business lacks the right tools to un-
derstand markets, build brands, find customers, select employees, organize

66
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processes, and drive strategy. Traditional financial analysis tools, such as dis-
counted cash flow and net present value, tend to distort the importance, the
likelihood of success, and the value of investment in the innovation. These
approaches build in certain assumptions that are rarely tested after the
initial investment decision has been made.

Innovation financial management offers an alternative to these meth-
ods by identifying, tracking, and updating key assumptions, and linking the
verification of these assumptions to the investment decision-making process.

Innovation financial management is an amalgamation of other proven financial
management approaches. For more information, see:

McGrath, R. G., and I. C. MacMillan. “Discovery-Driven Planning.” Harvard
Business Review, July—August 1995.

Sykes, H. B., and D. Dunham. “Critical Assumption Planning: A Practical Tool
for Managing Business Development Risk.” Journal of Business Venturing 10,
no. 6 (1995): 413-424.

Dewar, J. A., and C. H. Builder, et al. Assumption-Based Planning: A Planning
Tool for Very Uncertain Times. Santa Monica, CA: RAND Corporation, 1993.
http://rand.org/pubs/monograph_reports/MR114/.

The extent to which you can complete the innovation financial man-
agement documents early in the project depends on the level of innovation
you hope to achieve. During incremental innovation, your initial ratio of
knowledge to assumptions (Exhibit 11.1) will be higher than for substantial
or breakthrough innovation. In either case, you should update the relevant
financial documents, as well as the Project Charter, as you uncover new data
throughout the project.

Steps

Scenario: To demonstrate the basics of innovation financial management,
we’ll continue the Pikes Peak Coffee example from the Project Charter tech-
nique (Technique 10). The company can use this approach to determine the
profitability of adding a healthy, portable breakfast offering to its menu.
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EXHIBIT 11.1 Early in the innovation project, there may be a low ratio of known/verified
information compared to unverified assumptions and unknowns. Ideally, investment will
also be low at this stage. As the project progresses, the level of verified knowledge should
increase relative to the project investment.

1. Document Initial Assumptions

If you've completed a Project Charter, you've established the business case
for your innovation. Innovation financial management takes over from here
and begins with a list of what you know (verified knowledge), as well as what
you need to find out (unverified assumptions and unknowns).

For example, Pikes Peak Coffee knows that it currently has 32 loca-
tions, and that if the innovative breakfast offering proves to be viable, it
would be offered in all locations. What the company doesn’t know yet is the
details of the offering, the retail price, the demand, or the cost (materials,
personnel, and new equipment). However, for each of these assumptions,
innovation financial management encourages you to put forth an educated
guess. The point is not to show what you know, but to learn as you go
(Exhibit 11.2).
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EXHIBIT 11.2 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.

Assumptions are factors you assume to be a certain way without enough evi-
dence to prove or disprove your theory.

2. Prepare Reverse Income Statement

Now that you've articulated some basic assumptions, the next step is to
determine the amount of profit (not revenue) you want to generate as a
direct result of your innovation. Determine the profit margin and amount of
profit that would make the project worthwhile. Then, use a reverse income
statement to calculate how much revenue you would need to reach this profit
after subtracting your initial investment and any ongoing costs.

Pikes Peak Coffee, for example, hopes that adding a unique, healthy
breakfast offering to its menu will net them an additional $1.8 MM profit
annually across their 32 locations. A reverse income statement (Exhibit 11.3)
shows that to meet this goal, annual revenue from the new offering (before
costs) needs to be $4.6 MM.
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EXHIBIT 11.3 (Downloadable). To determine the Required Revenue (line 4), divide the
Required Profit (line 1) by the Required Contribution Margin (line 2).

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for

download at www.innovatorstoolkit.com/download.

A reverse income statement models the basic economics of the proposed inno-
vation based on projected profit, not revenue.

3. Estimate Operating Specifications

In addition to investment
costs, ongoing operational
costs will divert your inno-
vation’s revenue stream. Use
pro forma operations specs
(Exhibit 11.4) to identify
and estimate overhead costs.
Include estimates for wages
and salaries, raw material and
inventory cost, manufacturing
costs, insurance, shipping,
marketing and advertising,
and whatever other annual-
ized costs the innovation may
incur above and beyond your
current operating costs. Also
include annual depreciation
or any other factors that could
impact the profitability of
your innovation in an ongoing
manner.
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EXHIBIT 11.4 (Downloadable). Pro forma oper
ations specs document all specific and measur-
able costs required to implement the innovation.

Copyright (©) 2009, Breakthrough Management Group. A blank
version of this customized form is available for download at
www.innovatorstool kit.com/downl oad.
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The APQC Process Classification Framework can be a useful tool when trying
to articulate all the associated costs for the pro forma operations specs. You
can download a copy at www.apqc.org/portal/apqc/site/?path=/research/pcf/

index.html.

4. Update Income Statement

After compiling the estimated
operational costs, update the
income statement (Exhibit
11.5) to see if your initial profit
projections are still on target.
For our coffee shop example,
total costs will likely be less
than predicted on the reverse
income statement, which in-
creases the amount of pro-
jected profit. Of course, had
the pro forma operation specs
predicted higher costs than
the initial estimate, Pikes Peak
Coffee would need to either re-
duce costs or increase revenue
projections.

5. Identify Critical Assumptions

{ Updated Income Statemant

Fegulred Revonue g A 640,000
Direet Casts
Adeliticna Employes Wages z T8 DA
Foed Cost 5 1535300
Paper & Packaging b3 1549, 35a
Equipmaont Depraciaticn £ _ 54,400
Direct Costs - Sub Total 5 2464 5054
Allawesble fdrmire, Marketing Overhesd § 232000
Total Costs £ eobbos
Projectad Profit £ 1543046
Hrvitaed Reguinad Prodet 4 .25, 300
e i

EXHIBIT 11.5 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank
version of this customized form is available for download at
www.innovatorstoolkit.com/downl oad.

Make a list of any critical assumptions that, if left unchecked, could seriously
impact your innovation financially. Many of these you have already created
for the income statements and operations specs. Include the following:

e Competition, market size, retail price, average order size, up-sell poten-
tial, and other revenue-related assumptions.

e Design time line/costs, prototyping/piloting expectations, testing time-
line, and other R&D cost assumptions.
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¢ Production schedule/timeline, sales cycle, material cost, shipping costs,
inventory costs, salaries, wages, and other operating cost assumptions.

e Marketing, advertising, packaging, redesign, and other promotional
cost assumptions.

Avoid These Dangerous Inherent Assumptions

e Customers always prefer technologically superior products and services.
e Customers don’t know how to articulate their needs.
e “Build a better mousetrap and the world will beat a path to your door.”

e When customers hear about our new solutions, they will quit using existing
solutions in favor of our solutions.

e Our solution is so superior that it will sell on its own without any extra effort.

e Distribution channels will promote our products and services over existing
products and services they sell.

e We have the expertise and resources needed to create the solution and get it
right the first time.

e Our competitors have no capability to match our plans.
o All stakeholders in our company will rally behind our new idea.
e We are the leader in our industry.

6. Link Assumptions to Milestones

Milestones are checkpoints that help you determine whether to continue on
course or redirect your innovation effort. Make a list of milestones for your
innovation. Include significant targets both during the innovation project
and after. Then associate each milestone with the critical assumptions that
must be verified before the checkpoint can be completed (Exhibit 11.6).

7. Test and Validate Assumptions

For each critical assumption, design a test that will prove it right or wrong.
You could target the assumptions at each milestone before moving on to
the next. Or, you may need to take a more granular approach and design a
test that validates each assumption. Either way, make sure the assumption
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Milestonas and Assumptions
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EXHIBIT 11.6 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for

download at www.innovatorstoolkit.com/download.
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is clearly stated and understood, and the data and method used to verify the
assumption is sound.

Don’t wait for the pilot or prototype phase to validate all your assumptions.
Although many of Pikes Peak Coffee’s assumptions will be tested during a
three-month, three-store pilot of their new breakfast offering, many other key
assumptions need to be tested both before and after the pilot (Exhibit 11.6).

8. Revisit Financials

As you proceed through the project milestones, testing your assumptions
along the way, your knowledge increases regarding the innovation’s poten-
tial. Thus, you should recalculate the income statement at each milestone.
Depending on what you learn, you may also need to revisit the operations
specs. Your critical assumptions list will also change as you validate your
initial assumptions and develop new ones during the process.

If you're following the D* innovation process, verify that your assumptions have
been validated during each tollgate review.




PART II

DISCOVER THE IDEAS

uccessful innovation is about capi-
talizing on an opportunity to fulfill unmet customer expectations in a su-
perior way. But finding that superior way is far from easy, because at the
core of most opportunities lies a difficult problem. Customers, for instance,
want wrinkle-free clothes but no current solution meets their expectation
very well. This is an innovation problem as well as an opportunity.

In this second phase of the innovation process, your goal is to gen-
erate substantive ideas for closing customer-expectation gaps (or innova-
tion opportunities) within the confines of a smartly scoped organic-growth
project. But first you'll want to refine the opportunity using the Resource Op-
timization, Functional Analysis, Trend Prediction, and Creative Challenge
techniques—along with their associated tools.

Then you need to bring out the best of what’s in your mind and accel-
erate the creative process using the techniques of HIT Matrix, SCAMPER,
Brainwriting 6-3-5, Imaginary Brainstorming, Concept Tree, Random Stim-
ulus, and Provocation and Movement. Each of these techniques is designed
to leverage latent brainpower beyond what resides in your immediate con-
sciousness, or what can be surfaced with only classic brainstorming.

Still, the power of your team'’s collective mind might not be enough to
ideate a sufficient innovation. The prescription is to search knowledge bases
that exist outside yourself, finding clues and direction. One knowledge base
is the collective experience of all inventors, as catalogued inside such tech-
niques as Structured Abstraction, Separation Principles, and 76 Standard
Solutions. Another knowledge base is the adaptive miracles of nature and
nonhuman species; the Biomimicry technique should be your source for
exploring how nature’s miracles can be put to use for innovation.
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This phase of the innovation project ends by filtering ideas and narrow-
ing them down to the few that are the best candidates for further develop-
ment. See the KJ Method, Idea Harvesting and Treatment, and Six Thinking
Hats to help you converge on the concepts that are ripest for commercial-
ization.



TECHNIQUE 12

Resource Optimization

Make sure you use all available resources.

esource optimization is the use of
existing resources to solve an innovation problem and increase the value of
a solution relative to existing options. For instance, when food-makers came
up with reverse bottles (spout on bottom instead of top) for ketchup, sham-
poo, and other liquid substances, they used the free and available resource
of gravity to solve the problem of getting every last drop out with ease and
no frustration.

Use resource optimization when you need to come up with solution
ideas that provide higher value than those in existence today—or when you
need to refine and optimize a specific solution design. The key is to make
sure you list as many resources as possible within and outside your im-
mediate system or sphere of focus. After this, you can use any number of
idea-generation techniques to figure out how your available resources can
be applied to your inventive problem.

Background

In the vast majority of problematic situations where a creative idea is sorely
needed, resource optimization is seldom if ever seriously considered. Most of
the time, it never even makes the radar screen, because the typical approach
is to throw money at a problem and fix it through adding complexity.

It’s always easier to solve a problem through additive approaches rather
than through elegant solutions that utilize readily available resources.
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So what really is a resource? Machines, people, equipment, money? Yes.

But what about the resources of gravity, air, vacuums, and even waste? This
is where the creative part starts: using resources you never thought were
available to position your innovation ahead of your competition.

Think of resources that are just hanging around waiting to solve a problem
without a large outlay of time, effort, or expense. Heat from a car’s engine is
harnessed to keep passengers warm on a cold day. An empty wine bottle is
used as a rolling pin. Gravity provides the centripetal force needed to keep a
satellite in orbit.

This means you'll identify your system’s immediately recognizable re-

sources, but you'll also identify resources outside the system (super-system),
inside the system (subsystem) and even resources in the environment at
large (like humidity for instance).

An innovator also should consider resources that were available in the

past or will be available in the future. For example, NASA engineers spent
a lot of money trying to come up with a headlight for a lunar module.
They had trouble creating the perfect interface between the glass light bulb
and the metal body holding it—until they realized they could use a future
resource: since the moon’s atmosphere has vacuum properties, the engineers
eradicated the need for a glass bulb at all.

Some resources to consider in solving innovation problems include:

Material resources, such as waste, raw materials, modified materials,
and inexpensive materials.

Time resources, such as parallel operations and prefunction and post-
function work.

Information resources, such as data usage, computer networks, public
data, and information.

Field resources, such as energy in the system (mechanical, thermal,
chemical, electrical, magnetic, etc.) or energy in the environment (grav-
ity, vacuums, light, wave movement, wind, geothermal, etc.).

Space resources, such as empty spaces, nesting components, or dimen-
sion reconfiguration.
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e Function resources, such as harmful functions that can be converted to
good functions, or enhancing the secondary effects of functions.

Engineers participate in the activities which make the resources of nature avail-
able in a form beneficial to man and provide systems which will perform
optimally and economically.

—L. M. K. Boelter, engineer, educator, and innovator

Scenario: Some resource
optimization experts have
proposed that every life
on the Titanic could have
been saved with the use of
existing resources on the
ship (Exhibit 12.1). That
may very well be true, but
clearly the crisis condi-
tions prevented that from
happening. Hopefully you
won’t find yourself in the
middle of a crisis with
your innovation project,
and you'll always have

Steps

EXHIBIT 12.1 The Titanic.

time to explore how you can optimize your unused but available resources.

1. Formulate the Problem

What job, problem, or task creates the focus for your innovation effort?
What are its associated customer and provider outcome expectations? Have
you already created a project statement or job statement? See Jobs To Be
Done, Outcome Expectations, and Project Charter (Techniques 1, 2, and 10

respectively).

For the Titanic scenario, the job is to save all 2,223 people on board,
even though there are only 1,178 available lifeboat seats. A rescue ship is on
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the way in approximately four hours, but the ship will sink in two hours if
left to its own devices. Also, people will freeze in four minutes if exposed to
the icy cold waters of the Atlantic Ocean.

2. Compose a List of Resources

Make an inventory of all resources at hand, leaving no stone unturned. First
list all the resources that are internal to your system; then list all resources
that are external or outside of your system; then list all resources that are
by-products of your internal and external resources. For the Titanic, we'll
only list pertinent resources for illustration purposes (Exhibit 12.2), because
we don’t have the space to list every available resource on the approximately
883-foot long, 93-foot wide, 60-foot high, 46,328-ton ship.

3. Analyze the Resource List

The key to this step is to narrow the list of resources down to only those
that have the most leverage or potential to change the system in a way that

( Some Resources Aboard the Titanic
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solves the inventive problem, without creating any unwanted side effects.
When wanted changes are made in any system, those changes tend to cre-
ate ancillary unwanted changes—so the fertile ground of innovation lies in
those areas where you can make changes, or better utilize resources, without
creating drawbacks elsewhere.

When looking for free resources to use, or looking to better utilize
certain resources as a pathway to an innovation, complete the following
equation: Y = f(x), substituting the desired outcome for the Y variable and
the proposed resource for the X variable. To achieve the expected outcome
(Y), the X resource must perform the function without added complications,
cost or undesired effects.

Some options for working with resources are:

e Resource Utilization: Convert existing resources into new resources
through the application of inventive fields (burn fuel to generate heat).

e Resource Accumulation: Use a device or substance to increase the
amount of a resource, and then release it (use a dam to accumulate
water).

e Resource Combination: Add one resource to another (add salt to water
to affect buoyancy).

e Resource Concentration: Use a field to concentrate a resource to an
effective level (microwave oven, laser for eye surgery).

¢ Resource Evolution: Envision the evolution of a system—what resources
might evolve and how (using plants to generate oxygen).

e Resource Scaling: Change the scale or magnitude of a resource property
(concentrated vaccine dilutes after injection).

Several uses of resources could be employed to possibly save all the
lives on the Titanic. Teams of people could be organized to perform various
functions, such as blocking the hole in the ship with clothes, garbage, mat-
tresses, canvas, and so on to delay the water flooding rate. Also teams could
be formed to transport people from the ship to the iceberg, where they could
stay warm enough until the rescue ship arrives. Other teams might create
various floating devices using the ship’s resources.

Additionally:

e Use lifeboats to shuttle people back and forth to the nearby iceberg.

e Use ropes and kitchen utensils to secure people to the iceberg.
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Keep people warm with mattresses and blankets.

Use life preservers as a buffer between passengers and the iceberg to
keep people warm and safe.

Coat people’s bodies with cooking lard to protect them from the icy cold
waters and prevent hypothermia.

Use empty suitcases and wooden furniture as mini lifeboats.
Use car tires as flotation devices.

Use engineering experience to devise and implement the rescue system.

Additional Examples

Perhaps the most brilliant use of available resources was when the
ground and flight crew of Apollo 13 devised a way to overcome se-
vere electrical power and oxygen limitations to keep three astronauts
alive and safely return them to earth. They did this by using the lunar
module as a lifeboat in space, and rigged an adapter system using ma-
terials in the spacecraft.

General Electric’s Jenbacher engines produces power for greenhouses,
businesses, and homes using patented technologies. The same Jen-
bacher can run on a variety of gases, including natural gas but also
gases from coal mines, sewage, and landfills. The Jenbacher was de-
signed to harness these available resources that might otherwise be
wasted.

A power plant was emitting selenium, which is harmful if swallowed
or breathed (waste). After the plant’s engineers designed an expensive
system for separating selenium, they realized something: ragweed and
cattails absorb selenium. With nature as their teacher, they created a
pond and populated it with ragweed and cattails; then they dumped the
selenium into the pond, where the ragweed and cattails absorbed it and
bound it to their tissues. After this, the plants were harvested and sold
as fertilizer to cotton and tobacco farmers.



TECHNIQUE 13

Functional Analysis

Scrutinize your system for innovation.

unctional Analysis is a process for
assessing and improving system value—with a focus on retaining or in-
creasing all useful functions, mitigating or eliminating all harmful func-
tions, and improving inadequate functions. For example, a health care
provider currently gives medicine to a patient at a clinic using a syringe-
and-needle system; breaking these functions down into their parts (piston,
cylinder, medicine, nurse, needle, patient) and functions (moves, guides,
positions, penetrates) provides an opportunity to rethink and innovate the
system.

Use Functional Analysis upstream in your ideation efforts to iden-
tify opportunities for improving the value quotient of your future solu-
tions (see Technique 3). A simple Functional Analysis can be performed
without the help of an engineer or expert. But for the details involved in
complex systems, a value engineer or expert with experience is advisable if
not necessary—especially when dovetailing this technique with such other
formidable techniques as Axiomatic Design (Technique 31) and Function
Structure (Technique 32).

Background

Every system is composed of hundreds if not thousands of interfacing ele-
ments. Changes in any one subsystem, component, or even a process param-
eter can reverberate and set off a chain reaction of positive and/or negative
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consequences throughout the system. Without a thorough understanding of
how all of the causal linkages impact each other, it’s likely that any change
will create a number of unintended consequences.

The work and value of Functional Analysis revolves around an
information-rich function diagram that shows all the causal linkages in
a system and indicates whether they are desired, undesired, or insuffi-
cient. Once the function diagram is complete, the following advantages
accrue:

e It’s easier to clarify the functions of an existing or proposed system,
which feeds directly into solution ideation and development.

e It’s easier to figure out where available resources can be employed to
improve a system or solve a problem (also using Resource Optimization,
Technique 12).

e It’s easier to pinpoint and eliminate any physical or technical contra-
dictions. See Structured Abstraction (Technique 23) and Separation
Principles (Technique 24) for more.

e It’s easier to flag any unneeded elements, or functions through trim-
ming, thereby reducing cost and moving the system closer to an ideal
innovation.

The formulation of a problem is far more often essential than its solution, which
may be merely a matter of mathematical or experimental skill.
—Albert Einstein

Steps

Scenario: Most people are familiar with the real-estate transaction system
whereby two agents facilitate a number of functions, including property
listing, advertising, showing properties, offer and counteroffer negotiation,
contracting, home inspection, title insurance, closing and so on. How could
this system become more value-oriented (innovative) and thereby increase
desired outcomes and/or decrease undesired outcomes?



Functional Analysis 85

1. Gather Information and Define the Problem

Before creating a function diagram and performing a Functional Analysis,
gather as much information about the system and problem as possible. The
following questions can help:

e What is the primary useful function (the design intent) of the system,
or the main job to be done (JTBD)?

¢ How do the elements of the system interact with each other?
e What resources are available to solve the problem?
e What constraints are there on the system? Are they necessary?

e What solutions have been attempted in the past and to what degree
were they successful or not; if not successful, why not?

For our real estate example, we would like to complete the real estate
transaction process more efficiently, especially pertaining to the services
provided by agents working within a proprietary database (Multiple Listing
System).

Use this technique to help assess system implications when applying Axiomatic
Design (see Technique 31) to translate functional requirements into design
parameters.

2. Develop a Functional Model of the System (Function Diagram)

What is a function? For our purposes, a function is defined as an activity,
action, process, or condition that operates between two variables, one the
input (independent) variable and the other the output (dependent) variable.
In between the input and output is a value transformation, because the func-
tion creates a more valuable output using a less valuable input. By virtue of
the function, value is added.

While many functions are desired, some are undesired—or costly or
harmful. Further, all functions in a system are either sufficient or insufficient
in performing their duties, or value transformations. As well, functions are
performed by elements or entities that reside either inside the system or
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EXHIBIT 13.1

outside the system, yielding certain results. Exhibit 13.1 summarizes the
basic symbols and architecture involved in creating a function diagram.

The goal of a function diagram is to depict all pertinent functions in the
system in a cause-and-effect style (using Y = f(x) to guide your thinking).
The key agents in the system, inputs (x) and outputs (Y), interact (f) to
accomplish the system'’s objective.

Start by identifying the primary desired functions of the system, asking
two questions with subsequent follow-on questions:

1. Does this function produce another function? If so, is the resulting
function desired (and sufficient), undesired (harmful), or insufficient
(needed but not good enough)?

2. Is this function produced by another function? If so, is the producing
function’s impact desired, undesired, or insufficient?

These control questions then serve as the guide for linking the func-
tions with the desired, undesired, or insufficient arrows as illustrated in
Exhibit 13.1.
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Function Diagram for Real Estate Transaction
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We've created a stylized, rough function diagram for the real-estate
transaction process (Exhibit 13.2). The diagram identifies some functions
but leaves others out, such as appraisal, title insurance, home inspection,
contract preparation, advertising, county recording, securing a mortgage,
obtaining mortgage insurance, obtaining homeowners insurance, and
closing.

Looking at Exhibit 13.2, we see that some functions are desired, some
are insufficient, and some are undesired. Real estate commissions, for exam-
ple, are an undesired function because they do not represent the ideal inno-
vation and because they add significant and unnecessary cost to the process.

3. Perform the Functional Analysis

Analyzing the model in a group setting is the best way to proceed with Func-
tional Analysis. Essentially, the task is to review the function diagram and
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modify it in ways that will make the system more value-added. What desired
functions can we increase? What undesired functions can we remove? What
insufficient functions can be made sufficient? This requires exploratory use
of any number of ideation techniques in this book.

Use a Cause & Effect Diagram (Technique 53) to document all the important
causal relationships in the system. Then prioritize these relationships using a
Cause & Effect Matrix (Technique 54). These then become the initial focus of
an attempt to trim the system using a trimming worksheet.

One way to generate immediate ideas is to use a trimming worksheet
(Exhibit 13.3). Populate the worksheet as shown:

¢ For all key functions, ask what the function is and identify its input and
output.

¢ Indicate if the function is desired (and sufficient), undesired (harmful),
or insufficient (needed but not good enough).

e Ask if the function is necessary. If so, then it becomes a candidate
for trimming by asking two questions: Could Y do the function by
itself—how? Could some other X or resource perform the function—
how?

The trimming questions are very important because they facilitate re-
ducing the complexity of the system through elimination of unnecessary
elements. This reduces system cost and improves value.

If the function isn’t necessary, then it becomes a candidate for
elimination.

By trimming certain elements of the real-estate transaction system,
we can envision a cleaner, simpler, and less expensive system, depicted in
Exhibit 13.4. Of course, this innovated system is stylized and simplified; in
reality, the Functional Analysis would be much more detailed, showing all
aspects of the real estate transaction, not just the listing, negotiation, and
other functions shown.

In this envisioned agent-less system, many resources could be available
in the Central Listing Authority to sellers and buyers, not just informa-
tion about and pictures/video tours of available properties. Attorneys, title
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companies, appraisal com-

. . Function Diagram for
panies, msurance compa- Real Estate Transaction Innovation
nies, and lenders could
advertise their services; at Certeal
the same time tbey could At';:‘;!&*
provide information about
how to accomplish related Npp—
functions. For example, as .

a self-serve customer you Fa
could download an in-

struction set for doing a ti-

tle search and for hiring a Hisuige
title company. Or, down-

load a contract template
that you can customize and
use to exchange offers and
counter-offers. Or even hire a home-based real estate specialist who can
coach you through the process for a small fee.

EXHIBIT 13.4



TECHNIQUE 14

Trend Prediction

Learn from evolution’s genetic code.

rend prediction is a powerful
knowledge-based technique that extrapolates how current systems will
evolve in the future. Using this extrapolation, you can plan your own in-
novations. For instance, all systems are trending toward decreased human
involvement—robotic functions in factories, automated information sys-
tems, the need for only one human (the customer) to be involved in trading
a stock or booking an airline ticket online.

To apply this technique, you'll need an extensive understanding of 35
universal technology trends, each of which progresses toward increasingly
valued and ideal innovation. While the knowledge and time required to
apply this technique is formidable, it reveals the trends that underlie all
product and service innovations, thereby vaccinating against the tendency
to innovate insufficient solutions, or to innovate a new product or service at
the wrong time.

Background

There are many ways you can predict trends in an industry, and there are
numerous trend gurus whose work could be helpful. We like the work of
Genrich Altshuller, the founder of the Theory of Inventive Problem Solving
(TRIZ), because it’'s one of the most empirical approaches. We also favor
the work of U.K.-based author Darrell Mann, who has built on Altshuller’s
paradigm of systematic innovation to refine it for further use.
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The basic idea behind trend prediction is that evolution is not random
but follows certain patterns and stages that can be predicted. If you know
what these patterns and stages are, then you can solve difficult innovation
problems and define technology-related strategic opportunities.

The basis for apply-
ing trend prediction is to
understand the concept of
S-curves as they operate
in time, one giving way
to the next as the new
eclipses the old. Each S-
curve moves slowly from
conception to birth, then
rapidly from birth to ma-
turity, then slowly again
from maturity to retire-
ment. After this, the sys-
tem or solution of focus
tends to taper off and de- EXHIBIT 14.1
cay in value (Exhibit 14.1).

This retirement/decay inflection point is determined by the market force
generated by a newly developing system or solution—one that is clearly
fueled by a breakthrough technology, process, or business model (Exhibit
14.2). Note that the target, or expected outcome, is beyond what the current
system can deliver, so an innovation is required.
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The legitimacy of trend prediction is derived from studying system dynamics
contained in worldwide patent databases. When you understand the dynamics
and principles involved in why and how systems, products, and services change
over time, you have a secret weapon in ideating innovations.

There are thousands of examples of one S-curve eclipsing another. Em-
ploying new technologies along the way, we moved from the horse and buggy
to the train to the car to the airplane to the rocket ship. We moved from writ-
ing on stone to writing on paper to large-scale printing to all forms of digital
communication. From the macro systems level to the smallest micro level,
the trajectory of S-curves tells the story of an evolving world.
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It’s possible to examine a product, service, or system (solution) within
the context of the 35 universal, generic evolutionary trends—call them the
chromosomes of innovation. Such an examination enables you to gauge
your idea-generation efforts against established and undeniable historical
patterns. It also enables you to:

¢ Avoid costly innovation missteps and consistently provide a superior
customer experience.

e Prevent new disruptive shifts in technology from blindsiding your
organization.

¢ Determine when it’s necessary to shift your product strategy to a new
technology platform.

¢ Create critical patent umbrellas under which to protect yourself against
competitive attacks on your company’s intellectual property.

The 35 trends of trend prediction are classified into three main cat-
egories as shown in Exhibit 14.3. These are the signposts of innovation,
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Source: Hands-On Systematic Innovation, by D. Mann, Clevedon, United Kingdom: IFR Press, 2007,
Www.systemati c-innovation.com.

whether it involves pushing a solution along the continuum of a particular
S curve (incremental innovation), or replacing one S curve with the next
(breakthrough innovation).

If an organization can fix its position on the life cycle curve (S curve),
and it has a sense of the slope of the curve, it has an excellent mechanism
for determining where its technology is headed, and it can also determine
the relative rapidity of that movement. Understanding this dynamic yields
unique insights on how to direct product/service development and R&D
processes, as well as how to proactively align core competencies with new
technology imperatives.

In addition to technology trends, which operate at the product, service, and
solution level, Altshuller, Mann, and others have also developed 36 business
trends—but these still represent a relatively new body of research and are yet
to be rigorously validated.
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Steps
1. Become Familiar with Technology Trends

Once you understand each of the 35 technology trends, you are ready to
examine any of your products, services, or solutions from the lens of these
established evolutionary patterns. The key is to know that each trend pro-
gresses along a scale of evolutionary potential, from a less evolved state into
a more evolved state. One space-related trend is dynamization, which says
that over time a system, product, or part will evolve from a rigid state to a
flexible one, moving through several stages as shown in Exhibit 14.4.

Another universal trend is the tendency for systems to evolve from the
macro to the nano scale. We see this trend in action when looking at the
first early computers, which weighed about 27 tons and contained 17,468
vacuum tubes, 70,000 resistors, 10,000 capacitors, and around 5 million
hand-soldered joints. IBM’s ENIAC computer measured 8.5 feet by 3 feet by
80 feet. By comparison, today’s notebook computers are quite small.

For an in-depth description of each evolutionary trend with examples, read
Hands-On Systematic Innovation, by D. Mann, Clevedon, United Kingdom:
IFR Press, 2007, www.systematic-innovation.com.

2. Determine Evolutionary Potential

You can use radar charts to set the stage for ideating better products and
services. A radar chart is a visual way of depicting the state of a system,

Dynamization Trend
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product, service, or solution relative to some other one, as shown in Exhibit
14.5. Note that we have constructed a sample radar chart using 18 of the
35 technology trends. Each spoke of the radar chart represents evolutionary
movement along the S-curve at progressive stages starting from the center
point. The darkly shaded area represents the evolutionary potential of a
solution that extends the current competitive reality more toward the ideal
innovation (for more on this concept, see Value Quotient, Technique 3).
Predicting such evolutionary developments entails many technical or
scientific considerations, as well as considerations related to feasibility,
cost, time to invent, and anticipated customer reaction. This is when other
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techniques such as Innovation Financial Management (Technique 11) and
Outcome Expectations (Technique 2) come in handy.

3. Close Evolutionary Gaps

Although you can use trend prediction alone to carry an innovation idea
through to a viable design, the difficult job of closing evolutionary gaps is
made easier by using other ideation techniques in this book. This enables
the innovator to make sure the very best ideas are surfaced and tested before
spending time and resources developing new solutions.

Example

Scenario: An innovative pizza delivery chain has the job of keeping pizza hot
during delivery. The task is to find the evolutionary trends that might apply
to this challenge or problem. Then, ultimately, the pizza chain would want
to design and implement a better solution, or better way of fulfilling this job
and its related customer expectations.

After much research and scientific due diligence, the team converges on
the trends of surface segmentation and geometric evolution of linear construc-
tions. Both trends are shown in Exhibit 14.6, which depicts their progression
through standard evolutionary stages.

Surface Segmentation
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Using all pertinent evolutionary trends, the team prepares a radar chart
to depict its planned innovation. In doing so, the team expects it can move
up one notch on the evolutionary scale for each of the two identified trends.
In the case of surface segmentation, the new design will move from a
line to a two-dimensional curve. As for the geometric evolution of linear
constructions trend, the team calculates that it can move from a surface
with two-dimensional protrusions to one that displays three-dimensional
protrusions.

These planned evolutionary steps are depicted in Exhibit 14.7 relative
to the space occupied by existing solutions. The additionally shaded area
shows the planned extent of evolutionary expansion.

Traditionally, the pizza oils soak into the box and tend to cool the
pizza off and make it soggy. Looking at the two identified trends, the

-
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pizza-maker innovated a new, arched box bottom with air pockets. This
created an insulation barrier and enabled oils to drain away from the pizza,
thus meeting the expectation for “hot and crisp” better than any existing
solution. Exhibit 14.8 shows the newly designed pizza box and its innovative
elements.
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Creative Challenge

Sacrifice the sacred cows.

he goal of Creative Challenge is to
question the current solution for a particular focus area. If you think about it,
the world is full of solutions that challenge the status quo. Electronic airline
tickets are quickly replacing traditional paper tickets. E-mail and Internet
marketing are threatening to usurp direct mail. Downloadable MP3s are
making CDs unnecessary, just as CDs made cassettes and albums obsolete.
Creative Challenge helps you investigate the necessity, validity, and
uniqueness of the current solution or approach. As such, this technique
can be extremely helpful during the idea-generation phase of your innova-
tion project—and can give you the impetus you need to discard your current
solutions in favor of ones that are more ideal.

Background

Creative Challenge is not a rapid-fire brainstorming technique. Rather, it
leverages a different approach called E/R/A:

¢ E: Can we eliminate some element of the current approach?
e R: What are the reasons for the current approach?

e A: Are there alternatives to the current approach?

Using E/R/A, you challenge the reigning beliefs, assumptions, and limi-
tations relative to the status quo to create a list of innovative ideas that will
increase your innovation’s value quotient (see Technique 3).
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You can follow-up Functional Analysis (Technique 13) with Creative Challenge
to improve insufficient functions or eliminate undesirable ones.

Steps

Scenario: Credit cards are arguably easier to carry and safer to use than cash,
but they can still be lost or used by unauthorized parties. As a result, credit
card lenders have accumulated millions of dollars in fraudulent charges, and
consumers are at great risk of identity theft. But what if credit card lenders
challenged the status quo in search of a new, fraud-free method of payment?
Let’s see how Creative Challenge could help them accomplish this job.

1. Select a Focus Topic

This can be an innovation opportunity, product, service, system, process, or
business model. It can be anything you want to change or challenge. For our
example, the goal is to create a type of credit that is easy to use but virtually
impossible for identity thieves to steal.

You can creatively challenge any part of a process or system. Some hotels, for
instance, now ask guests to reuse their towels rather than replacing them every
day. The hotels did not challenge the entire maid service, just the part that uses
excessive water and energy.

2. Investigate Current Solution

Create a SIPOC and/or Process Map (see Techniques 45 and 46) to document
the current solution’s inputs, outputs, customers, and suppliers, and any
associated processes. Use this information to make a list of the process steps,
systems, subsystems, or components that are linked to the focus topic. For
example, part of the process of using a credit card is carrying a physical
card, which can be lost or stolen and subsequently used by identity thieves.

3. Identify Assumptions

Add to the list from step 2 all assumptions you take for granted about the
current solution. Include factual data, physical characteristics, supporting
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ideas or philosophies, and limitations of the current solution. For the credit
card example, some of our assumptions include:

¢ All credit cards are plastic, sized 85.60 x 53.98 mm, and have a magnetic
strip or chip that holds data.

¢ Credit cards can be used in person, over the phone, or on the Internet
to pay for goods and services.

e Consumers expect to have multiple credit cards, and to carry balances
on more than one credit account.

¢ Extending credit must remain profitable for credit lenders.

Creative Challenge is never an attack or criticism, but a method that questions
current thinking to discover new ideas and directions.

4. Apply E/R/A
Apply the E/R/A challenge process (Exhibit 15.1) to each item on the list:

e Eliminate: Challenge the necessity of each process step, element, or as-
sumption. Is it still necessary, or can it be eliminated without incurring
any negative side effects?

i
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EXHIBIT 15.2 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.

e Reason: If the step, element, or assumption is necessary, what function
or feature does it provide?

o Alternatives: Challenge the uniqueness of the solution. Is this the only
way to provide the needed feature/functionality, or are there alterna-
tives?

Use a Creative Challenge matrix (Exhibit 15.2) to track your ideas and
decisions for each item.

Never assume the current way is the only way. If you do, you’ll never innovate
a thing.

5. Compile Alternatives

After the E/R/A challenge process, make a list of the alternative ideas that
you want to investigate further.
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HIT Matrix

Compare existing solutions to spark new breakthroughs.

HIT Matrix compares the charac-
teristics of two seemingly unrelated products or services to develop new
ideas. What do you get when you combine the characteristics of a telephone
and a computer? The Internet.

HIT, short for Heuristic Ideation Technique, was developed by market-
ing professor Edward M. Tauber, who found that new products are typically
a combination of characteristics from two or more existing products. HIT
Matrix is a simple but beneficial tool to jumpstart your team’s creativity in
search of innovative ideas.

Steps

Scenario: In the very competitive travel industry, most businesses target
a high volume of low-paying customers through cheap, no-frills service.
However, Innovative Railways hopes to catch the attention of fewer, high-
paying customers by offering a luxury experience for mid-distance business
travelers. A HIT Matrix will help Innovative Railways develop ideas for an
innovative solution that fulfills customer expectations.

1. Select Existing ltems

Choose two products, services, or brands that seem to have no apparent
connection and are not already overtly combined. These could be offerings
from your company, or from a competitor or another industry. Avoid items
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that are too close in meaning; coffee cup and drinking glass will produce
fewer innovation ideas than drinking glass and bicycle (think Camelbak). The
Innovative Railways team chose luxury conference services and international
first class travel.

The opposite of heuristic ideation is backward ideation, which looks at the
characteristics of unsuccessful products and brands to generate new ideas and
solutions. For more information, see “Backward Ideation Technique for Gen-
erating New Product Ideas,” by O. A. Mascarenhas, Vikalpa, 8, no. 2 (1983),
www.vikalpa.com/pdf/articles/1983/1983 _jan_mar_95_113.pdf.

2. List Characteristics

Brainstorm a list of characteristics related to the two items you selected in
step 1. Ask yourself what the features or components are that make up the
item. Also how, when and why is the item used? Generate the same number
of characteristics for each item (typically 5 to 7 per item). If you have too
many characteristics, use a Pugh Matrix (Technique 36) to narrow down
the list.

Don’t get too granular in your thinking. For example, if you're listing
the features of a first class airplane seat, some characteristics might be ample
leg room or reclines to a bed. This leaves more opportunity for creativity than
specifying that the seat has 10 inches more leg room than a coach class seat,
or that the seat reclines to a 160 degree angle.

You don’t have to be an expert on the items you select. However, it is important
to understand the customer expectations associated with each item. For more
information, see Outcome Expectations (Technique 2).

3. Populate HIT Matrix

In a HIT Matrix (Exhibit 16.1), list the characteristics from one item across
the top, and the characteristics from the other item down the side. Then,
pair one characteristic from each item until all cells are filled.
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EXHIBIT 16.1 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.

4. Qualify Ideas

Review each cell in the matrix and discuss the merits of joining the two
characteristics. Eliminate cells that contain existing ideas or don’t make
sense (such as spa services and in-seat chargers). However, don’t immediately
discard ideas because they contain technical or physical contradictions; you
may be able to get past the contradictions using Structured Abstraction
(Technique 23) or Separation Principles (Technique 24).

5. Select Ideas

Identify all the paired characteristics that could become a potential solution.
For instance, personal chef and gourmet food has potential, as does dedicated
concierge and personal attention. Also look for ideas that combine more than
one characteristic, such as executive lounge, wireless access, in-seat chargers,
and personal attention. Make a list of ideas for further exploration.
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SCAMPER

Ask eight important questions.

he SCAMPER technique uses a set
of directed questions to help you evolve your existing product, service, or
solution into one that is superior (more ideal). For example, SCAMPER
led to the combining of two shaving solution elements—the razor and the
shaving cream—into a razor that holds cream in its handle and dispenses it
as a person shaves. SCAMPER is most powerful when you have an idea or
set of ideas, and you need to make them even better. It is especially helpful
in mature markets where there are many competing solutions.

The SCAMPER acronym stands for:

e Substitute

e Combine

e Adapt

¢ Modify/Mirror/Distort
e Put to other purposes
e Eliminate

o Rearrange/Reverse

Steps

Scenario: A team was tasked with innovating the sales approach in an or-
ganization with 50 locations, keeping each abreast of the company’s latest
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products, technologies, policies, and procedures. The existing approach was
to perform on-site training at each location once a quarter using several
trainers. The team used the SCAMPER technique to generate ideas for im-
proving the knowledge-transfer process.

1. Define the Job To Be Done

Before you use this tool, it’s best to make sure you have clarity on how the
current process or product is used to achieve the job to be done (JTBD).
Articulate the JTBD and the current approach for delivering its solution.
Remind the team to stay focused on the JTBD, so that innovative solutions
(with higher value quotients) can be generated, not just incremental im-
provements to current solutions. (For more information, see Jobs To Be
Done, Technique 1.)

Another variation of SCAMPER is SCAMMPERR (the double M to indicate Mag-
nify and Minify and the double R to indicate Reverse and Rearrange).

2. Apply SCAMPER

As a group, discuss the SCAMPER questions one at a time, and list the team’s
ideas. Keep these tips in mind:

¢ Involve team members by using the simple rule of one idea per person
per question.

e Use the questions as a trigger to generate ideas and don’t get bogged
down in answering each question. No one should criticize ideas or
evaluate ideas during the exercise.

¢ It's notimportant that the ideas are associated directly with the question
that originated the idea.

¢ Ideas may be repeated if they fit with several questions.

Exhibit 17.1 shows the ideas the team came up with for improving the
sales training process.
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Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.
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3. Review Ideas

Once the team has completed ideating after all the questions, review the
list for duplications. Combine similar ideas, but don’t discard any at this
point. You can use a technique such as KJ Method (Technique 27) or Idea
Harvesting and Treatment (Technique 28) to evaluate the feasibility of each
idea.

Resource

Michalko, M. Thinkertoys: A Handbook on Creative-Thinking Techniques. 2nd ed.
Berkeley, CA: Ten Speed Press, 2006.



TECHNIQUE 18

Brainwriting 6-3-5

Encourage equal opportunity ideation.

rainwriting 6-3-5 is a modified
form of classic brainstorming that encourages equal participation from all
team members using written rather than verbal idea generation. For in-
stance, if half of your team wants to launch a new product line and the other
half is resistant, Brainwriting 6-3-5 would give team members a chance to
express their ideas without commentary or criticism.

This technique is particularly helpful when the group is in danger
of domination by certain participants, or when team members may hold
back because of the group makeup. However, if you're looking for more
outside-the-box ideas, other ideation techniques may be more powerful,
such as Provocation and Movement (Technique 22) or Creative Challenge
(Technique 15).

The name “Brainwriting 6-3-5” comes from the practice of six people writing
down three ideas in five minutes. In reality, the tool works fine with a slightly
larger or smaller number of people.

Steps

Scenario: Say you have a web site where customers can register for your
company’s online training courses. One problem you've noted is that
35 percent of the people who begin the registration process fail to complete
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it before leaving the site. Your team can use Brainwriting 6-3-5 to list possible
reasons for this behavior, and discover ideas to alleviate it.

1. Choose Participants

If you have more than eight people, split them into equally divided groups.
If you have less than four participants, use a different idea-generation ap-
proach such as Imaginary Brainstorming (Technique 19) or Random Stim-
ulus (Technique 21). Either way, select a mixed team that includes people
who are familiar with the issue at hand as well as outsiders who can promote
a new perspective.

If there are tensions within the group you can use Brainwriting 6-3-5 to diffuse
the emotional situation and encourage participation.

2. Generate Ideas—Round 1

Distribute a Brainwriting 6-3-5 worksheet (see Exhibit 18.1) to each par-
ticipant. In the first row of the worksheet, participants should write three
potential ideas that might fulfill the JTBD (for more on this topic, see Jobs To
Be Done, Technique 1). Each person takes five minutes to write their ideas in
silence (although it may take less time during the first few rounds). Remind
team members to write legibly so that others can read their contributions.

Remember that Brainwriting is conducted in silence, so no talking is allowed
until all ideas have been recorded. This allows participants to interpret other
ideas solely from what is recorded on the worksheet.

3. Generate I[deas—Round 2

When everyone completes three ideas, the worksheets are passed to the next
person who can add three new ideas or build on the ideas listed. Either way,
new responses should be written in the second row. Again, the allotted time
is five minutes.
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EXHIBIT 18.1 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstoolkit.com/downl oad.

Instead of passing the sheets in a circle, participants can put completed sheets
in the center of the table, and team members can pull from the center stack at

their own pace.

4. Continue Idea Generation

Repeat the idea generation cycle until every participant has written three
ideas on every worksheet. If your team has six people, you should have
generated 108 ideas. You can take time now to discuss, clarify, refine, and
combine similar ideas, then make a list of ideas for further analysis.



TECHNIQUE 19

Imaginary Brainstorming

Get silly for the sake of creativity.

maginary Brainstorming helps dis-
tance you from practicalities that may be hindering your creativity. Say
you are trying to gain market share in Southeast Asia. With Imaginary
Brainstorming, you could replace “market share” with “exotic animals” and
concentrate instead on gaining exotic animals in Southeast Asia. After brain-
storming solutions for this imaginary scenario, you would come full circle
and retrofit the resulting ideas to the original problem.

When you're struggling to develop innovative ideas around a particular
area, Imaginary Brainstorming encourages a fun atmosphere where wild
and crazy ideas can be put forward, and people can participate without
intimately understanding the technicalities of the problem.

If you conduct classic brainstorming before Imaginary Brainstorming, you’ll
identify the most obvious and common ideas. Then you can encourage the
team to go beyond these ideas during Imaginary Brainstorming.

Steps

Scenario: Pretend you're a professor in the history department of a local col-
lege. You and your colleagues are having difficulty getting students to submit
their assignments on time. It’s a topic at every weekly meeting, where the
same ideas come up but never seem to work. Let’s see how Imaginary Brain-
storming can help your group generate new ideas for solving this dilemma.
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1. Identify Real Problem Elements

Review the problem, or job to be done (see Technique 1), and identify the
following key elements:

e What is happening? [action]
e Who or what is the recipient of the action? [object]
e Where is the action occurring/what is the scope? [context]

e Who is performing the action? [subject]

Looking at our history department example (persuade students to sub-
mit assignments on time), we can identify an action (persuade), an object
(students) and a context (submit assignments on time). The subject (profes-
sors) is implied. Document your answers on an Imaginary Brainstorming
worksheet (Exhibit 19.1).

2. Brainstorm Imaginary Elements

For each real element you identified in step 1, generate a few imaginary
replacements. For instance, we could replace students with gorillas, cyclists,
or aliens. Submit assignments on time could become take out the trash or
wash behind their ears.

Classic brainstorming typically uncovers ideas near the surface of our con-
sciousness. Imaginary Brainstorming digs deeper by leveraging make-believe
situations to trigger subconscious creativity.

3. Create an Imaginary Problem Statement

Choose the one element you're having the most difficulty with and replace it
to create an imaginary statement. In our example, we could replace submit
assignments on time with an imaginary element and the problem becomes
get students to wash behind their ears on time.

Only replace one element at a time so you can more readily translate your ideas
back to the original problem statement.
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EXHIBIT 19.1 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.
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4. Solve the Imaginary Problem

Now brainstorm ways to solve the imaginary problem. For instance, if dirty
ears were really an issue on campus you could hold public ear inspections,
provide scented soap in the bathrooms, or give awards to students with the
cleanest ears.

5. Apply Imaginary Ideas to the Real Problem

When you've thought of as many ideas as you can, try to relate each idea back
to the original problem. It may help to sort your ideas into three categories:

1. Ideas that can be applied directly to the original problem without mak-
ing any changes.

2. Ideas that need to be modified or altered before they are applied to the
original problem.

3. Ideas that cannot be used or modified but may contain an element that
could spark a new idea. Spend a few minutes on every idea no matter
how unlikely it may seem.

If you don’t end up with enough viable ideas, create another imagi-
nary statement by replacing a different element and go through the steps
again. Or try another idea generation approach such as Creative Challenge
(Technique 15) or Random Stimulus (Technique 21).



TECHNIQUE 20

Concept Tree

Leverage current ideas to generate many ideas.

oncept Tree starts with an idea and
uses that idea to identify concepts, or connecting points, from which alter-
native ideas can be derived. For example, a perfume designer could explore
the concept behind a new fragrance idea and subsequently create a way to
naturally enhance a person’s pheromones.

By using an existing idea as a source of inspiration for untapped ideas,
Concept Tree can lead you to a unique approach to an old problem. It’s also
valuable if your original idea is too general, has too many limitations, or is
not actionable.

Some call this technique a Concept Fan, or Concept Abstraction and Alterna-
tives. For more information, see “Generation of Alternatives” in Lateral Think-
ing: Creativity Step by Step, by E. de Bono, New York: Harper Paperbacks,
1973.

Steps

Scenario: Let’s say we want to improve our company’s image. We have a few
broad ideas along these lines, but we can use the Concept Tree technique to
generate many actionable ideas.
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1. Agree on the Job To Be Done

On a white board or flip chart, write the JTBD (see Jobs to Be Done, Tech-
nique 1). In our example, we are tasked with the rather broad job of improv-
ing the company’s image. We could use Job Scoping (Technique 7) or Nine
Windows (Technique 6) to better define this job, but since we have a few
general ideas for meeting this JTBD, let’s see where Concept Tree takes us.

2. List Ideas

Next list your ideas for fulfilling the JTBD. So far in our example we have:
reduce environmental impact, give back to the community, and launch a PR
campaign (Exhibit 20.1).

Although the terms idea and concept are often used interchangeably, in the
context of this technique they have different meanings. Concepts represent
a general way of achieving your goal, while ideas are more specific and
actionable.

3. Generate Concepts

For each original idea, brainstorm related but nonspecific concepts. Make
sure that none of the concepts is the same as the original idea. For instance,
if you're trying to reduce environmental impact, someone may suggest the
concept of going green, which is really just another way of restating this idea.

4. Generate Alternative Ideas

For each concept you brainstormed, list new ideas that come to mind. This
can be done in typical brainstorming fashion, but each idea must be related
to a concept. If you need to add more concepts, do so. These, in turn, may
generate new ideas.

Concepts are the connecting points between your original idea and the alter-
native ideas that the Concept Tree helps you generate.
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EXHIBIT 20.1 In this example, we started with three general ideas for improving the
company’simage. Using Concept Tree for only one of these ideas (reduce environmental
impact), we generated 19 ideas that are more specific and actionable than our original
ideas.
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5. Keep Going

Repeat steps 3 and 4 until the team runs out of concepts and ideas. If you
started with more than one original idea (as in this example), don’t forget
to apply Concept Tree to your other ideas. When you're finished, you should
have a long list of ideas you can organize using a technique like KJ Method
(Technique 27) or Idea Harvesting and Treatment (Technique 28).



TECHNIQUE 21

Random Stimulus

Use an unrelated picture or word to spawn new ideas.

uring Random Stimulus, partici-
pants use free association in connection with an arbitrary word or image
to generate new ideas. For example, looking at a picture of a racecar could
bring to mind a race track, which in turn could help you think of a new way
to desalinate water.

Techniques like Random Stimulus initially might seem too discon-
nected in the way they lead to new ideas, but this disconnection from one’s
mental inertia is exactly what is needed. Humans naturally establish logic
patterns as they process information over time, so creative thinking actually
becomes unnatural. The only way to spark it is to move away from these
patterns, and using Random Stimulus is one way to do that.

A random stimulus can be any kind of signal—a word or image, even a sound
or smell—that forces you to move your thoughts to a new place outside of your
current focus and associations.

Steps

Scenario: Fueled by an expanding population of recreational runners, man-
ufacturers and retailers in the running equipment and apparel industry have
introduced many innovative solutions aimed at both short- and long-distance
runners. Let’s see how Random Stimulus could help a company in this realm
generate new ideas.
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1. Identify Job To Be Done and Outcome Expectations

As a group, agree on the JTBD (see Jobs To Be Done, Technique 1) and
any associated outcome expectations (see Technique 2). For instance, if you
were trying to better serve recreational runners, one job could be to increase
running speed during training. For this job, the desired customer expectations
for the solution might include: relatively low cost, easy to use, and lightweight
or portable; undesired customer expectations might include harmful side
effects and interference with other running equipment. These outcomes set
the boundaries for the Random Stimulus idea-generation session.

You can use the Random Stimulus technique to generate solution ideas for a
JTBD, or even for an outcome expectation (see Exhibit 21.3 for an example of
the latter).

2. Select Random Stimulus

Choose a random word or image that is not directly related to the JTBD. If
you select a word, choose a noun using one of these common methods:
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EXHIBIT 21.1

¢ Refer to a random word list (Exhibit 21.1), choose a number and then
count down to that word on the list.

* You can also use random word generating software, such as the one at
www. randomwordgenerator.com/websoftware.html.
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Use the list of 150 words in Exhibit 21.1 to spawn new and great ideas. But
don't just pick your favorite word or image—randomness is key. The further
the random stimulus is from the JTBD, the higher the chance of generating
outside-the-box ideas.

If you want to use an image, choose one that clearly conveys an action
and inspires positive emotions. Also remember the following tips:

e Use real photos, preferably in color; color brings more emotions to
mind. Don’t use clip art or cartoons. These are already characterizations
and, thus, may limit free association creativity.

¢ Avoid content that may be controversial, offensive, or depressing (e.g.,
pictures of war, nudity, funerals). Don’t use embarrassing pictures of
the participants.

e Good sources of photos are magazines and books on travel, movies,
sports, current events, and nature.

For an automated random picture generator, visit www.brainstorming.co.uk/
onlinetools/randompicture.html.
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If you're using an image, ask participants what they see happening in the picture,
as well as who, when, where, why, and how.

4. Generate Ideas

Discuss each association to determine how it could be realized as a tangible
idea related to the JTBD (keeping the associated outcome expectations in
mind). For instance, the association recipe might lead to the idea of new
components in running shoes; list might result in the notion of surveying
recreational or professional runners to see what they do to run faster. It
may seem difficult at first to see any connection between the association and
the JTBD. The trick is to keep trying. In most cases someone will start the
associations rolling. If not, choose another random stimulus and try again.
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5. Review ldeas

When you're finished generating ideas, review the list. If you need additional
ideas, repeat the steps with a different random stimulus. Or, try another idea
generation technique such as Provocation and Movement (Technique 22).

Exhibit 21.3 shows another example of Random Stimulus using an image to
generate new ideas for minimize cost associated with activities, which is an
outcome expectation for the JTBD of improve employee morale in operations.




TECHNIQUE 22

Provocation and Movement

Step over the roadblocks in your thinking.

he overall idea of Provocation and
Movement is to create a shocking statement that is strong enough to move
people out of their psychological inertia—their tendency to think the way
they've always thought. For example, “We need customers to generate rev-
enue” is a statement one might take for granted. However, if we said, “We
don’t need customers to generate revenue,” this provocation would certainly
generate discussion that would point us in a different direction and generate
new ideas.
As such, Provocation and Movement is one of the best tools for gen-
erating outside-the-box ideas—if you're open to questioning the status quo,
imagining “what if,” and shocking yourself into a new reality.

Often frustration is the initial force that creates a provocation and spurs move-
ment toward a better product, service, or solution. The Diner’s Club card,
precursor to all credit cards, was born out of the frustration of always having to
pay for a meal with cash.

Steps

Scenario: The Private Pools company designs and builds Olympic-sized
swimming pools for homeowners. Recently, the company has watched its
profits plummet, thanks in part to an economic downturn in the housing
market. A cross-functional team hopes to use Provocation and Movement to
discover an innovative way to expand the company’s market share.
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The goal of Provocation and Movement is to improve the satisfaction level of
an outcome, or generate a solution that allows you to better fulfill a job to be
done.

1. Select a Focus

Choose a focus topic—a product, service, process, or business model for
which you need ideas. Make a list of the current features, characteristics,
and aspects of the focus topic. To create the list, you can use brainstorming,
or an approach like Creative Challenge (Technique 15).

If at first the idea is not absurd, then there is no hope for it.
—Albert Einstein

2. Create Readlity Statement

Choose one item from the list of features and craft a statement that rep-
resents the current reality. Often, this statement reflects a poorly satisfied
customer expectation, or a job the solution has trouble fulfilling. Or it could
be something taken for granted or rarely questioned. The Private Pools team,
for example, chose the statement: private swimming pools require a large out-
door area. Bypassing this traditional notion could extend the reach of the
company’s product to people who don’t have large backyards, or who live in
a climate with cold winters.

Provocation is the stepping stone that allows you to carve out useful ideas from
illogical thoughts, while keeping an eye on your innovation’s value quotient
(see Technique 3 for more on this concept).

3. Develop Provocation

Based on the current reality statement, generate several Provocative Thought
(PT) statements that depart from the current reality in an unusual, fanciful,
absurd, or otherwise illogical manner (Exhibit 22.1). Just remember to take
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this provocation at face value and suspend judgment. This is not the time to
question the validity of the statements, or to block the free flow of radical
creativity. In general, PT statements fall into four categories:

1. Negation: Counteracts the current reality with an opposite statement.
2. Reversal: Reverses the action of the current reality statement.

3. Exaggeration: Takes the current reality to an incredible or extreme state
(in either direction).

4. Dream: Imagines how the current reality would be different “if only ...”

In psychological circles, extreme negation is considered a form of insanity
(Cotard’s syndrome). In the world of innovation, however, a little insanity can
be a good thing if it leads you in the direction of never-before-imagined solutions
for your job to be done.

4. Generate Ideas from Movement

The Provocative Thoughts you generated in step 3 should have the team
thinking outside its normal frame of reference. The next step is to make these
PT statements more realistic and feasible by applying one or more movement
techniques to each statement. Movement techniques can be categorized as
follows:

e Moment to Moment: Visualize what would happen if the Provocative
Thought were put into effect. For example, if every home in America
had a swimming pool (Dream PT), then the market for pools would
expand dramatically and the price would be significantly reduced. Cor-
respondingly, the use of public pools would decrease.

e Extract a Concept: Determine the concept behind the Provocative
Thought and use this as the basis to generate new ideas. For instance,
the team could use its Reversal PT (a large outdoor area requires a
swimming pool) to extract the concept of building pools in large out-
door areas such as front yards, rooftops, and parks.

e Focus on Differences: Make a list of differences between the Provocative
Thought and the current reality. For instance, the differences between
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a private swimming pool and a bathtub (Exaggeration PT) include
outdoor versus indoor, large area versus small, deep versus shallow,
standing water versus flowing (from the faucet). One or more of these
differences could lead the team to think about swimming pools in a
completely new way.

Provocative Thoughts will always sound impossible, stupid, crazy, or ridiculous
if not attached to some operative movement that can achieve the proposed
radical idea.

5. Review Ildeas

As a result, of applying movement to the PT statements, you should have
a list of innovative ideas to explore further. Your ideas may be ready-made
solutions. More than likely, however, Provocation and Movement may have
pushed you to the boundaries of what is possible. In this case, you may need
to leverage Structured Abstraction (Technique 23) or Separation Principles
(Technique 24) to help you overcome any physical or technical contradic-
tions inherent in your ideas.

Once Bill Gates provoked the world when he suggested that every house-
hold could own a personal computer. Today we're close to realizing the $100
laptop—an idea that would have seemed absurd just a few years ago.

Resource

For more on the Provocation and Movement approach, see:

deBono, E. Serious Creativity Using the Power of Lateral Thinking to Create New
Ideas. New York: HarperBusiness, 1993.



TECHNIQUE 23

Structured Abstraction

Guide your innovation using 40 proven principles.

tructured Abstraction is used to re-
solve a technical contradiction—two variables that are in conflict with each
other. For example, you want to produce a car with more horsepower (A),
but doing so entails a loss of fuel efficiency (B). You want to improve critical
system factor A, but the actions involved in doing that cause factor B to
degrade, and you need to avoid the tradeoff.

The Structured Abstraction technique comes in handy when you've
identified a functional contradiction that stands in the way of an
innovation—and when other ideation techniques have fallen short. Because
Structured Abstraction is deeply grounded in science, engineering, and the
Theory of Inventive Problem Solving (TRIZ), it’s best to seek the help of an
expert when using this technique.

Steps
1. Identify the Contradiction

How do you identify a technical contradiction? More often than not, techni-
cal contradictions are evident and well known within any field of endeavor
or technology. Engineers and technicians familiar with a system understand
the conflicting dynamics that give rise to technical contradictions.

To identify and characterize a technical contradiction, think in terms of
two related variables, or parts of a system or process. When you improve one
of the variables, say increase the speed of a car, that action causes another
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variable to deteriorate, like lower gas mileage. Whatever your innovation chal-
lenge, it is likely to entail at least one, if not many technical contradictions.

2. Abstract the Problem

After the contradiction and its improving and degrading elements have been
identified, your next step is to translate each element into its associated prob-
lem parameter (make the problem generic). There are 39 such parameters
in the TRIZ system, as shown in Exhibit 23.1.

In making your translations, ask this: What is the fundamental nature
of each side of the conflict? This is an exercise in abstract thinking because
you have to reframe each of your contradictory elements in terms of one of
the 39 problem parameters.

For example, let’s say you need more heat in a system, but that
heat makes the system less safe. Referencing the 39 problem parameters,
you can translate the need for heat into the parameter of temperature
(number 17), and you can translate the negative impact on safety into the
generalized parameter of harmful side effects (number 31).

Or maybe your system needs more airflow, but more airflow unde-
sirably cools the surface. The need for more airflow references to general
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parameter number 7, volume of a moving object, while the cooling of the
surface references to parameter number 17, temperature.

You can get a good run down and explanation of the 39 problem parameters at
www.triz-journal.com/archives/1998/11/d/index.htm.

3. Converge on Inventive Principles

This step entails using a contradiction matrix (Exhibit 23.3), which cross-
references the 39 problem parameters against themselves, yielding a total of
1,521 cells in the matrix—or 1,521 different types of contradictions (39 x
39 =1,521). After taking away the 39 instances in which a problem parameter
conflicts with itself, you are left with 1,482 usable cells in the contradiction
matrix.

All you have to do is identify your generic useful feature (parameter),
as well as your generic harmful feature, then go to the contradiction matrix
cell that resides at their intersection. Inside that cell, you'll find any of 40
inventive principles (Exhibit 23.2) by which you can solve your contradiction.
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EXHIBIT 23.3 (Downloadable). This is a very small cross-section of the larger contra-
diction matrix, showing the problem parameters and inventive principles associated with
our stylized example (volume of a moving object versus temperature). It also shows other
parameters and principles chosen at random.

Copyright (©) 2009, Breakthrough Management Group. This form is available for download at www.innovatorstoolkit
.com/downl oad.

The key to the 40 inventive principles is that they were derived from
an extensive analysis and categorization of more than 2 million patented
innovations. In each and every case, the patented innovations employed at
least one of the 40 inventive principles to solve some identified technical
contradiction. This is why some call these 40 principles the genetic code of
innovation, and why TRIZ experts will tell you that someone else in another
field at another time has already solved your contradiction.

For more specific examples of the 40 inventive principles, see Simplified TRIZ:
New Problem-Solving Applications for Engineers and Manufacturing Profession-
als, second edition, by K. Rantanen and E. Domb, Boca Raton, FL: Auerbach,
2007, or go to www.triz-journal.com/archives/contradiction_matrix.

The contradiction matrix typically displays anywhere from one to four
inventive principles that can help you solve your contradiction. If you're in
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the consumer products business, for instance, the solution you need may
have been already found and applied in the space industry, or in agriculture,
or in any number of other fields. All you have to do is navigate your way
through the technical contradiction algorithm to the inventive principle(s)
you need.

For example, if you need the volume of air flow to go up but the surface
temperature to stay constant, what do you do? According to the contradic-
tion matrix, you go to inventive principles 2, 10, 18, and 34, because when
you cross-reference these parameters, that’'s what the contradiction matrix
gives you.

When you look up inventive principles 2, 10, 18, and 34 (see
Exhibit 23.2), you get the following, in respective order: taking out, pre-
liminary action, mechanical vibration, and discarding and recovering. You
now have four important clues for solving the air-flow/surface temperature
contradiction.

There are certain instances in the contradiction matrix where no numbers ap-
pear, as you can see in Exhibit 23.3. This indicates that there are no data to
suggest the benefit of any one or more principles over any other principles. In
these instances, you can apply any or all of the 40 inventive principles versus
any particular subset. Or you can consider reframing your contradiction using
different problem parameters.

4. Apply the Inventive Principles

Now comes the moment of truth—actually applying the inventive principle
to solve your technical contradiction. This requires good analogical thinking
skills because you have to consider the identified inventive principles as a
guide for coming up with a specific solution to your original specific problem,
or technical contradiction.

This is obviously an exercise that not only requires analogical thinking,
but also requires deep and intimate subject matter expertise. As always,
the danger is in becoming a victim to your own psychological inertia by
dismissing any inventive principle as preposterous before giving it serious
consideration. If you're skilled at abstract thought, and you put your existing
mindset aside, you just might find the innovative solution you seek.
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Resources

Large portions of material in this technique have been reprinted with per-
mission from:

Silverstein, D., N. DeCarlo, and M. Slocum. Insourcing Innovation: How to
Achieve Competitive Excellence Using TRIZ. Boca Raton, FL: Auerbach,
2007.

We recommend this book because it displays the entire contradiction matrix,
Structured Abstraction case studies, and additional information about this
and other TRIZ-based methods and techniques.

If you need the help of a TRIZ expert, contact:

Breakthrough Management Group International (www.bmgi.com).

Or you can find other experts at:

Real Innovation (www.realinnovation.com).

TRIZ Journal (www.triz-journal.com).
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Separation Principles

Split your innovation problem in four ways.

eparation Principles helps when
some physical contradiction stands between you and an innovation, and you
need to resolve the conflict with minimal or no tradeoff. For example, you
need the water in the system to be hot for some functions but cold for oth-
ers. Or you want all the information to make a good management decision,
but you don’t want all the information because you don’t have time to sift
through it.

Use the Separation Principles technique when you've identified a physi-
cal contradiction, and when other ideation techniques may have fallen short
of resolving it. You may need the help of an expert to apply Separation Prin-
ciples, depending on the nature of your innovation project and its difficulty
level.

The Separation Principles come from the Theory of Inventive Problem Solving
(TRIZ), and they are defined a little differently by different experts. For simplicity,
we characterize the Separation Principles by separating contradictory properties
in time, space, scale, and condition.

Steps
1. Identify the Physical Contradiction

The key action here is to figure out which variable, system, or part of a system
conflicts with itself. If this is not readily apparent, identify what you want
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to maximize and why you also want to minimize or eliminate that factor as
well. Here are some examples of physical contradictions:

¢ We need tire rotation to provide steering and to avoid skidding under
icy or wet conditions that require extreme braking to stop the vehicle.
But we don’t want tire rotation because the vehicle must stop.

e We need landing gear on planes for easy take off and landing, but we
don’t want landing gear because it causes drag.

¢ Engineers want a large window in a spaceship to see out, but they don’t
want the window because it adds extra weight to the spaceship.

¢ We want options when searching for flights online, but we don’t want
options because they consume too much time to review.

2. Consider Separation Heuristics

The four Separation Principles—time, space, scale, and condition—can be
applied in an endless number of circumstances. To help you determine which
principle could resolve your physical contradiction, consider the following:

e Separation in time: The
strategy for this princi-
ple is that at Time 1,
the variable has prop-
erty (+P), and at Time
2 it has property (—P).
For example, a modern
fighter jet has to be ma-
neuverable during land-
ing as well as in combat
situations. The require-
ments of the wing geome-
try are radically different
in each scenario. At low
speeds (Time 1) the best
wing geometry is unswept
(+P), while at high speeds
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(Time 2) it is swept (—P). These contradictory requirements are resolved
through the invention of variable sweep wing geometry (Exhibit 24.1).
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e Separation in space: The strategy for this principle is that at Place 1, the
variable has property (+P), and at Place 2 it has property (—P). Classic
examples of this principle include coffee pots, teapots and thermos
bottles. Taken further, this principle is at the heart of a new technology
called holographic conferencing. Using this technology, for example, a
holographic image of an executive in Bangalore, India, can be seen by
an audience talking with another executive in San Jose, California. Both
people have human properties in one space and holographic properties

in the other space.

Separation in Scale
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e Separation in scale: This
separation strategy is ap-
plied to the system and its
components, whereby the
entire system has property
(+P), and the component
has property (—P), as illus-
trated in Exhibit 24.2. An-
other example is a chain,
which is flexible at the sys-
tem level but each link in
the chain is rigid.

e Separation upon conditions:
This separation strategy en-
tails that the system un-
der Condition 1 exhibits
property (+P), and un-
der Condition 2 it exhibits
property (—P). An excel-
lent example is Transitions
lenses with a light-sensitive
photochromic coating. The
lenses are light or dark de-
pending on the amount of
UV radiation present (Ex-
hibit 24.3).
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3. Resolve Physical Contradiction

First carry forward the contradictory element or characteristic of your phys-
ical contradiction from step 2. This is the characteristic X that must meet
the self-opposing requirements.

Next, define the time period of the physical contradiction as:

e T1: before the event.
e T2: during the event.
e T3: after the event.

After this, complete logic statements A and B:

A: To (improve, retain) the useful action of (state the useful action) X
must be (present, large, hot, etc.) during T (1, 2, or 3).

B: To eliminate the harmful action of (state the harmful action) X must
be (absent, small, cold, etc.) during T (1, 2, or 3).

In statement A, X could be (absent, small, cold, etc.), which means that
in statement B, X would be (present, large, hot, etc.).
Now write the Physical Contradiction:

Xmustbe during time T and

Xmustbe during time T

Then choose a Separation Principle (time, space, scale, or condition) to
apply and solve the contradiction.

Example

Scenario: In electroplating, the rate of deposition of metal is increased when
the plating solution is warm. The shelf life of the solution, however, is re-
duced dramatically with the increased temperature. It is necessary to in-
crease the rate of deposition with minimal degradation to the solution. How
can this be done?
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The Problem

e The electroplating solution bath needs to be hot and cold.
e The characteristic is temperature of the solution bath.
e Time period is T1, T2, T3.

A. To increase the rate of deposition, the solution bath must be hot
during T2 (actual electroplating).

B. To preserve the shelf life, the solution bath should be cold during T1
(before electroplating), T2 and T3 (after electroplating).
The Physical Contradiction

¢ Solution bath temperature should be hot during time T2 (electroplat-
ing).
¢ Solution bath temperature should be cold during time T1, T2, T3.

The Separation

e Separation of opposite requirements in space.

The Resources

e Heat, space, equipment.

The Solution

e Heat the parts—temperature is hot at the interface, cold everywhere
else.

Additional Example—Manager Working
in an Office

e Manager Beth wants information so she can have control, but she
doesn’t want information because she has too much already. Solution:
Use periodic management reviews to separate the information in time.

¢ Beth also needs to work on a critical project, but doesn’t want to work
on a critical project because she has people tugging at her in the office.
Solution: She works offsite for two days, thereby separating in space.
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¢ Beth is still overwhelmed with work so she co-opts several of her col-
leagues into taking on certain tasks. She has separated in scale to solve
her problem. Some call this delegation.

¢ To reduce the volume and complexity of issues due her attention, Beth
requests that any item not affecting more than 20 people not be brought
before her for consideration—she has separated in condition.

Resources

The TRIZ Journal is packed with resources, papers, and commentary. A
quick search on the site for “Separation Principles” will yield some
good information.

TRIZ Journal (www.triz-journal.com).
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76 Standard Solutions

Learn how substances interact with fields to form solutions.

The 76 Standard Solutions are a col-
lection of system models designed to provide conceptual hints that can lead
to higher-order solutions or innovations. For example, one of the 76 Stan-
dard Solutions could prompt an engineer to add a luminophore substance to
the refrigerant substance in a cooling system, thereby making leaks visible
that would otherwise go undetected.

This technique comes in handy when the innovation opportunity is (a)
well-defined and (b) contains at least one technical contradiction (see Struc-
tured Abstraction, Technique 23) or physical contradiction (see Separation
Principles, Technique 24). Unless you're well-versed in the Theory of Inven-
tive Problem Solving (TRIZ), you will need special assistance from an expert
to properly apply this technique. Several U.S. and U.K. organizations can
help (see resource list at the end of this technique).

Background

The 76 Standard Solutions are contained in the field of TRIZ, specifically
substance field modeling (Su-Field). As with other TRIZ techniques like Func-
tional Analysis, the 76 Standard Solutions are vested in the notion that all
systems can and will be progressively modified to improve their value quo-
tient (see Technique 3).

Su-Field modeling is the ability to represent a product- or service-
related system as a set of objects, both called substances (S;, S), that
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interact through the medium of a field, or a source of energy (F). While
S; is always passive in nature and is called an article, S, is always active
in nature and is called a fool. At a minimum, the modeled system must
contain all three elements (S;, S,, and F) if it is capable of innovation or
improvement.

In Su-Field modeling, a sub-
stance can refer to any part,
material, component, per-
son, or the environment. The Usaful Effect »
source of energy in the system

Su-Field Energy Transfer Actions

. I fRGia T EFfRnT o ——————— —— —
can be such physical fields as PR »
mechanical, thermal, chemi- Exgeasive Effect t‘
cal, .elec.trlcal, magnetic, and Ml Effacs m
gravitational, or any number

Elnrapulateg o s e ————————

of fields such as light, acous-
tic, olfactory, and so on. Trarsformation .'"

The three Su-Field ele-
ments (S;, S, and F) con-
stitute the minimum require-

EXHIBIT 25.1
ments for a complete system,
and the energy transfer be- ; .
tween them is depicted by var- Minimum Substance Field Madel
ious symbols (Exhibit 25.1).
F le, the action of driv- Fmech
or example, the action o driv
ing a nail illustrates the minimum \
Su-Field model (Exhibit 25.2). Your .
hand transmits a mechanical field &4 nail Gz hammer

(F) to the hammer (S;), which in * .
turn transmits the field to the nail
(S1). Note that the transfer of me- EXHIBIT 25.2

chanical energy is considered a use-
ful effect.

While the minimum Su-Field model has two substances (S and S,), and a field
(F), there can be as many substances and fields as needed.
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Imagine the types of jobs you could do with this one simple Su-Field
model, never mind all 76 Standard Solutions (Su-Field models). How many
possibilities are there for applying a force to a tool to affect an article?

The fundamental logic of the 76 Standard Solutions is that problems
can be abstracted and modeled. The models in turn have specific rules, culled
from a database of similar problem resolutions, revealing the direction the
inventive process should follow if it is to discover an ample solution. In other
words, the 76 Standard Solutions form an empirical algorithm for solving
certain classes of innovation problems.

Each problem that | solved became a rule, which served afterwards to solve
other problems.
—René Descartes

Steps

Su-Field modeling is performed in the operating zone where the actual con-
tradiction occurs and an initial Su-Field model is created. Then, moving
through a set of rules, the model is progressively developed until it reaches
its transformed state. Strictly following the Su-Field logic process enables
you to remove your psychological inertia and clear the way for an innovative
solution.

We don’t recommend using Su-Field modeling and the 76 Standard
Solutions if you don’t have experience. Seek an expert who can guide you
through the process as follows:

e Develop a visual model of the problem for consensus using the five
Su-Field categories.

¢ Converge on the category of Su-Field models that is most likely to fulfill
your need for an innovation.

¢ Create an agreed-upon end state through the application of logical rules.

e Create specific solution concepts that either eliminate contradictions
and/or improve the system'’s value quotient.

Exhibit 25.3 shows the general process for locating Su-Field models
that may apply to any innovation problem or contradiction. Note that all



76 Standard Solutions

147

Su-Field Decision Flow
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roads lead to Class 5 for additional Su-Field models that can refine any work
you accomplish using predecessor models.

Here is a little more about each of the five Su-Field model categories,
which are loosely organized in order of increasing progression toward the
ideal innovation:

Class 1: Solutions for improving the system with little or no change
(13 solutions). Use when your innovation job statement requires an
increase or decrease in some expected outcome. This generally requires
only minimal changes to the system.

Class 2: Solutions for improving the system by changing the system
(23 solutions). Use when you think your system is insufficient to meet
the demands of the job to be done, and only moderate modifications
need to be made.

Class 3: Solutions for making system transitions (6 solutions). Use
when developing solutions at higher (super-system) or lower (subsys-
tem) levels.

Class 4: Solutions for detection and measurement (17 solutions).
Use when you need to innovate your ability to measure and detect
something, or when doing so will lead you to a related innovation.

Class 5: Solutions for simplification and improvement (17 solu-
tions). Use when you want to make the system simpler, more value-
packed and, hence, closer to the ideal state.

Examples

We don’t have space to show examples of every one of the 76 Standards
Solutions, so we’ll show just one example from each of the five Su-Field
categories.

Class 1: Solutions for Improving the System with Little or No Change

Standard 1.2.2—If there is both a useful and harmful interaction between
two substances and there is no need to maintain direct contact between
the substances, the problem can be solved by the introduction of a third
substance that is a modification of either the first or second substance
(Exhibit 25.4).
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Standard 1.2.2
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EXHIBIT 25.4

Scenario: Hydrofoils traveling at high rates of speed are damaged by
the cavitational action of water on the hydrofoil. To prevent the destructive
cavitational forces acting on the surface of the foil, a thin layer of ice is
introduced by refrigerating the surface of the foil, thus forming a renewable
source of protection.

Class 2: Solutions for Improving the System by Changing the System

Standard 2.1.2—If there is a Su-Field that is difficult to control and it is
necessary to improve its efficiency, but replacing any of its elements is pro-
hibited, the problem may be solved by building a double Su-Field through
the introduction of a second field that it’s easy to control (Exhibit 25.5).
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Scenario: Imagine if you had chewing gum stuck to your shoes or an
article of clothing. Neither mechanical means nor washing will completely
remove the sticky problem. That is because there is an unregulated inter-
action between the gum and the article of clothing. This problem can be
solved by introducing a new (double) Su-Field to control the action of the
field between the tool and article.

Class 3: Solutions for Making System Transitions

Standard 3.2.1—The efficiency of a system can be increased by transitioning
from the macro-level to the micro-level. The system or its parts should be
replaced with a substance capable of performing the required action when
it interacts with a field (Exhibit 25.6).

Standard 3.2.1
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EXHIBIT 25.6

Scenario: Simmons Bedding Company unveiled its latest innovation,
the HealthSmart bed, featuring a zip-off mattress top that may be laundered
or dry cleaned. Its coolmax-channeled fibers wick away sweat and moisture
as you sleep, and allow the fabric to dry quickly in the laundry. In the second
layer, Nano-Tex (nano technology) creates a semi impervious layer that traps
fluids and particles so they can be washed away. The third layer is terry cloth
treated with Teflon fabric protector that provides an extra level of protection.

Application of this standard leads to a transformed Su-Field model
with a new substance S,, which was modified on the micro-level using nano
technology polymers. The zip-off top provides several new actions—among
them, liquid/particle containment and retardation of perspiration odor and
fungi when it interacts with the biological field.
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Class 4: Solutions for Detection and Measurement

Standard 4.2.1—If an incomplete Su-Field is difficult to measure or to de-
tect, the problem is solved by synthesizing a regular or double Su-Field with
the field at the output. Instead of direct measurement or detection of a pa-
rameter, another parameter identified with the field is measured or detected
(Exhibit 25.7).
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EXHIBIT 25.7

Scenario: To detect the moment when a liquid begins to boil, an elec-
trical current is passed through the liquid. When the liquid starts to boil, air
bubbles start to appear and electrical resistance is increased dramatically.

Class 5: Solutions for Simplification and Improvement

Standard 5.1.1—If it is necessary to introduce a substance in the system and
conditions do not permit it, a void can be used instead of the substance.

Scenario: To dramatically increase strength and reduce weight of
trusses, or any structural member, a clever combination of geometry and
open spaces can be utilized to achieve the desired results.

For example, IsoTruss achieves its incredibly high strength-to-weight
ratio with a special geometry that uses longitudinal and helically wound
members (Exhibit 25.8). The “Iso” and “Truss” in “IsoTruss” come from its
efficient geometry; isosceles triangles that form a truss of pyramids give the
IsoTruss its unique strength and stiffness. The IsoTruss incorporates stable
geometric forms with members that spiral in a piecewise linear fashion in
opposing directions around a central cavity. The helical and longitudinal
members are repeatedly interwoven, yielding a highly redundant and stable
configuration.
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EXHIBIT 25.8 Arantix Mountain Bike. Handcrafted by Delta 7 Sports, this bike features
a patented IsoTruss carbon fiber and Kevlar spiderweb-like open Iattice tube design. Its
unparalleled strength-to-weight ratio provides an ulirastiff and responsive ride.

Photo by Lester Muranaka.

Resources

For a much more complete treatment of the 76 Standard Solutions, see:

Salamatov, Y. TRIZ: The Right Solution at the Right Time. The Netherlands:
Insytec B. V., 1999.

For a good journal article on the 76 Standard Solutions applied to the prob-
lem of world hunger, see:

“Using the 76 Standard Solutions: A Case Study for Improving the World
Food Supply.” TRIZ Journal. www.triz-journal.com/archives/2001/04/e/
index.htm.

Some organizations that may be able to help are:
Altshuller Institute (www.aitriz.org).
Breakthrough Management Group International (www.bmgi.com).
European TRIZ Association (www.etria.net).

TRIZ Journal (www.triz-journal.com).
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Biomimicry

Seek nature’s eons of experience to find answers.

iomimicry (or biomimetics) is the
process of learning from and then emulating nature’s ingenious solutions
to complex problems. Imagine making high-end audio speakers based on a
cricket that uses its burrow to amplify sound. Or drawing inspiration from
a boxfish to develop a concept car with 60 percent less drag. Or creating
self-assembling fibers, like those produced by spiders, that are five times as
strong as steel.

These real-life applications of biomimicry only scratch the surface of
this fascinating approach. Nature has spent billions of years designing and
perfecting systems and processes, excelling at finding optimal solutions un-
der conflicting constraints and demanding requirements. Science and engi-
neering have similar goals: optimal results with minimal input and minimal
use of resources. If you have to solve a problem, chances are nature already
did it.

Although biomimicry is often applied by those trained to observe nature
at its most fundamental level, it doesn’t necessarily require doing expensive,
time-consuming research. Many examples of nature’s problem-solving abil-
ities are available for the casual researcher. The scope of this book prevents
us from offering a comprehensive education in biomimicry, but we can of-
fer some general guidelines for learning from nature and leveraging its vast
bank of knowledge.

183
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Steps
1. Change Your Perspective

Using other techniques in this book, you have already scoped the JTBD
(see Jobs To Be Done, Technique 1) and identified associated outcome ex-
pectations (see Technique 2). Now, ask, “What would nature do to solve this
problem?” In doing so, you realize that nature isn’t the environment in which
your design will live; instead it’s a model on which to base your design. This
subtle shift is important if you want to draw inspiration from nature and
follow its guiding principles:

¢ Nature runs on sunlight.

¢ Nature uses only the energy it needs.
e Nature fits form to function.

¢ Nature recycles everything.

¢ Nature rewards cooperation.

e Nature banks on diversity.

e Nature demands local expertise.

e Nature curbs excesses from within.
e Nature taps the power of limits.

Source: (Biomimcery: Innovation Inspired by Nature, by J. Benyus, New
York: William Morrow, 1997).

Nature’s designs are organic. They make optimal use of the resources and energy
available, only produce recyclable waste, and integrate with existing natural life
cycles.

2. Explore Existing Knowledge

Biomimicry has a rich body of literature, written by experts on every topic
imaginable. Much of this information can be found online. Don’t hesitate to
make contact with experts; collaboration with professionals from different
fields can yield inspiring solutions.
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One body of exploratory computer science, now collectively known as Com-
putational Swarm Intelligence, solves complex optimization problems by
mimicking the flocking behavior of birds and the foraging behavior of ants
(see Fundamentals of Computational Swarm Intelligence, by A. Engelbrecht,
Hoboken, NJ: John Wiley & Sons, 2006).

3. Plan a Field Trip

If you can’t find a solution to your problem in an existing knowledge base,
you'll need to take a field trip (or several). Here’s where someone experi-
enced in biomimicry can point you in the right direction. At the very least,
you'll need to identify an organism, ecosystem, or process that has solved
a problem similar to yours, and then go where you can study the solution
in its natural environment. Remember that solution ideas might be found
in non-obvious environments. For example, if you need a way to dry out
humid air, you can look in the tropics, or you can go to the desert where
cockroaches drink water from the air.

If you put the history of the planet on a calendar year, bacteria arrived in
March. Other species followed. The human species came at 11:45 pm on the
last day of the year. Clearly we have a lot to learn from the way natural species
have evolved, adapted, and innovated themselves to survive their own unique
challenges and problems.

4. Observe and Learn

Once you're in the field, there are many ways to gather inspiration for your
own design. Just remember that nature’s solutions are often non-obvious
and intricate, while at the same time functionally simple. Take time to im-
merse yourself. Patient study will uncover functionality you may never have
considered. As you observe, keep these tips in mind:

e Look for Metaphors: Nature offers many metaphors that can be ap-
plied to a variety of artificially constructed systems. For instance, some
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termites regulate air flow through
their mounds to keep the internal
temperature and humidity near
constant (Exhibit 26.1). A simi-
lar principal has been used in the
design of high-rise buildings in
Harare (Zimbabwe) and London,
leading to significant reductions
in environmental control costs.

Identify Anti-Solutions: When you
think about how nature might
solve a problem, also consider
how nature might not solve
it. For instance, manufacturing
protective shielding for military
applications requires metal to
be molded at high tempera-
tures, which consumes massive
amounts of energy. On the other
hand, nacre (mother of pearl) is

just as strong, yet it grows organ- _ _
icallv and requires no excessive EXHIBIT 26.1 Termite Mound. A termite
y a mound can seem eerily like a skyscraper,

consumption of resources. especially when you consider the
mound’s efficient regulation of air flow,
temperature, and humidity.

Consider Extremes: Explore how
nature has solved your problem
by going to one extreme or another. Desert beetles, for example, use
a hydrophilic (water attracting) shell to channel water to where it is
wanted. On the contrary, lotus leaves keep water from building up
where it isn’t wanted using a hydrophobic (water repelling) design
(Exhibit 26.2).

Examine Interactions: Everything in nature interacts with its environ-
ment. When you have identified a source of inspiration, consider its
impact on other elements in nature. For instance, animals share re-
sources, such as watering holes, but use the resource at different times
to avoid conflicts. Man-made creations can also take advantage of in-
teraction and re-use. One example is the design of many hybrid vehicles
that are powered by batteries that are recharged during braking.
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EXHIBIT 26.2 Lotus Leaf. The leaf repels water, a feature that is often sought after in
man-made solutions.

Are you drawing inspiration from an organism, a process, or an ecosystem? In
either case, you'll need to understand the system in detail to be able to mimic
it successfully and without negative consequences.

5. Document Solution Ideas

As a result, of exploring nature’s genius, you should have one or more ideas
you can investigate further.

Resources

Here are a few of the best web sites for biomimicry examples, case studies,
resources, and expert help:
Bioinspiration & Biomimetics Journal (http://stacks.iop.org/bioinsp).

Biomimetics Network for Industrial Sustainability (BIONIS; www.extra.rdg
.ac.uk/eng/BIONIS).
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Biomimicry Database (http://database.biomimicry.org).

Biomimicry Institute (www.biomimicryinstitute.org).

For a fascinating presentation on biomimicry, see:

“Janine Benyus: 12 Sustainable Design Ideas from Nature.” www.ted.com/
index.php/talks/view/id/18.
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KJ Method

Group and organize ideas by their natural affinities.

J Method provides a way to orga-
nize and refine your innovation ideas, sparking further dialogue and achiev-
ing consensus about which ideas are worth developing. Also known as an
affinity diagram, KJ Method works best when you have more ideas than you
can readily handle or process in your mind.

Usually KJ Method directs participants to generate ideas via classic
brainstorming. However, given the many other powerful ideation tools in
this book, we recommend you use KJ Method to help you organize and
prioritize the highly creative and innovative ideas you've already generated.

KJ Method was named after Jiro Kawakita, a man of many talents who was
a professor of cultural anthropology in Japan. After extensive field research in
Nepal during the 1960s, Kawakita developed the K] Method to improve the
integration and categorization of qualitative data around such factors as the
environment, population, relationships, hierarchy, and religion.

Steps

Scenario: Let's see how KJ Method helped the Patient Crusaders team
organize and prioritize their ideas for making dental patients more com-
fortable and less afraid during treatment (also see Heuristic Redefinition,
Technique 5).

159



160 DISCOVER THE IDEAS

A team of 6 to 8 people is optimum for KJ Method. Fewer than this can make
prioritization too subjective; more than this can make it difficult to gain con-
sensus.

1. Prepare Ideas

Write each idea you've come up with on a sticky note, and place the ideas
randomly on a white board or large wall space. Also post the JTBD (see
Jobs To Be Done, Technique 1) and associated outcome expectations (see
Technique 2) so the team can keep these in mind.

2. Categorize Ideas

As a group, sort the ideas into related categories based on functionality, fea-
tures, implementation, outcome, or whatever grouping makes sense (there
are no right or wrong categories). Ideas that don’t fit into a particular cate-
gory can be saved off to the side. Place similar ideas on top of each other so
you can see how many unique ideas there are.

Participants should be discouraged from discussing ideas, except for clarifica-
tion, until voting occurs in step 4. Otherwise, you risk wasting time on ideas
that won't be pursued in the end.

3. Label Categories

Review the idea groupings, and agree on a label for each one that represents
the theme or concept behind the ideas in that group. Labels should be short,
like Dental Technology or Patient Communication. No two categories should
have the same or similar labels—if they do, combine the categories. As labels
emerge, you may need to split some groups into multiple categories, or move
ideas around to fit better with the category logic (Exhibit 27.1).

Labeling categories helps the team evaluate the suggestions from a thematic or
system perspective. Plus, if the categories translate to concepts, the team can
generate additional ideas using Idea Harvesting and Treatment (Technique 28).
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EXHIBIT 27.1 The Patient Crusader team organized their existing ideas info three
categories.

4. Vote on Ideas

KJ Method is a technique for both categorizing and prioritizing ideas. The
latter is usually accomplished by having team members vote on the ideas they
find most promising. There are several ways to approach voting including:

¢ Give each team member 3 to 5 votes to place on the same idea or on
multiple ideas. The ideas with the most votes merit further discussion
and/or development.
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e Have team members assign a percent (totaling 100 percent per person)
to one or more ideas. For each idea that receives a vote, add up the
percentages and divide the answer by the number of people who voted
to determine a weighted score.

¢ Discuss each idea and try to build consensus around the strongest ones.
Although this does take longer than voting, it tends to generate stronger
buy-in for ideas in the long run.

¢ If you have many different categories, vote on these first to see if there
are any that can be eliminated. Then vote on specific ideas within the
remaining categories.

The Patient Crusaders team voted to implement a few of the simple and
inexpensive ideas right away, including welcome letters, confirmation calls,
and warm towels at the end of the appointment. They ranked several other
ideas as potentially feasible solutions and will revisit these at a later date.

If you still have too many ideas after using KJ Method, use a Pugh Matrix
(Technique 36) to help you prioritize them.
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ldea Harvesting and Treatment

Organize and shape ideas to improve their yield.

dea Harvesting and Treatment is a
simple and effective way to make your ideas more practical and viable, as
well as more appealing to those who are funding the innovation project (your
stakeholders). After you've generated dozens of ideas for a better battery, do
you just throw out the notion of making the battery biodegradable, or can
you find some value in the idea?

What about your other ideas? Are they immediately applicable or do
you need to overcome some constraints, such as cost, time, resources, or
perception? Idea Harvesting and Treatment can help you answer these
questions and subsequently choose the best ideas from your list for further
development.

You would not think much of a farmer who took a lot of trouble to sow a crop
but only bothered to harvest a quarter of the crop. Yet that is exactly what most
people do with the output of a creative thinking session.

—Edward de Bono

Steps—Harvesting

Scenario: Let’s say that your organization has a new innovation deployment.
Your team has generated a list of ideas for publicizing the program’s success
both internally and externally. You can use Idea Harvesting and Treatment
to organize and further refine these ideas.
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1. Categorize Existing Ideas

Take the list of ideas you've already come up with and sort them into the
following categories on an Idea Harvesting matrix (Exhibit 28.1):

Broad Concept: Theory or notion that links one or more concepts.

Concepts: General approaches or methods.

Specific Ideas: Valuable, practical, and usable ideas.

Beginning Ideas: Interesting starter ideas but not yet actionable.
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EXHIBIT 28.1 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.
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For instance, ideas for publicizing your innovation deployment might
include writing case studies, generating press releases, holding project fairs,
and the rather fanciful suggestion of featuring one of your innovative prod-
ucts in a Hollywood movie. Some of these ideas are specific and actionable,
while others need work.

A concept links a group of ideas together, whereas a broad concept brings
all the concepts under one umbrella. Both concepts and broad concepts are
subjective—there is no right or wrong answer as long as the answer serves the
job to be done.

2. Increase Idea Yield

Increase the yield of ideas and concepts by filling in any blanks on the
Idea Harvesting matrix. Can you turn a beginning idea into a specific idea?
Try to do this for all beginning ideas. If you get stuck, flag the idea for
later treatment (see steps below). Also consider if you have articulated all
the concepts and broad concepts behind the idea. Filling in these blanks
may help you view the innovation opportunity from a different perspective,
leading to more ideas (Exhibit 28.2).

You don’t need to fill in any blanks in the Beginning Ideas column, unless you
think of more to add.

Steps—Treatment

Scenario: Idea Treatment takes an unpromising idea, then shapes and
strengthens it into a practical and valuable idea. For example, one fanciful
idea for publicizing your company’s innovation program is placing one of
your new products in a Hollywood movie. Although this may seem unattain-
able at first, shaping and strengthening the idea might make it possible, or
bring to mind associated ideas that are more realistic.

1. List the Idea Constraints

Choose an idea that has inherent constraints (cost, legality, timelines, tech-
nical feasibility, etc.). List all the constraints relative to the idea.
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EXHIBIT 28.2 (Downloadable).

broad concepit.

For the innovation deployment example, we added
four specific ideas spawned from associated beginning ideas, and also filled in the

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.

One benefit of Idea Treatment is that it allows the innovation team to tailor the
proposed ideas to fit specific organizational strategies. For example, if company
policy is not to make any products that are lethal if accidentally ingested, you
may need to shape your ideas to make sure they fit this requirement.
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2. Shape the Idea

Brainstorm ways you could overcome each constraint (Exhibit 28.3). Don’t
pass judgment on any suggestions; some will be viable, while others may
spark different ideas down the road. Let your creativity shape the original
idea into a more viable option.

Shaping an idea helps you overcome constraints that make the idea implausible.
Strengthening an idea leads you to make the idea more appealing to stakeholder
groups.

3. Strengthen the Idea

Now take the same idea and strengthen it by making it more appealing to
stakeholders. Instead of listing individual stakeholders, identify a few groups
segmented by organizational level, customer type, or whatever makes sense.
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EXHIBIT 28.3 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.
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EXHIBIT 28.4 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.

For each group, make a list of the stakeholders’ point of view relative to the
idea. In other words, what are the wants and needs of the stakeholders in
that group? What do you think their concerns and objections will be? Then,
generate ways to improve the idea so that it meets the needs (or addresses
the objections) of each stakeholder group (Exhibit 28.4).

When you've finished Idea Harvesting and Treatment, you should have
increased the yield of viable ideas that can become solutions for your inno-
vation opportunity. You can further evaluate these ideas using techniques
like Six Thinking Hats (Technique 29) or Pugh Matrix (Technique 36).



TECHNIQUE 29

Six Thinking Hats

Evaluate your solution ideas in six different ways.

ix Thinking Hats leverages differ-
ent points of view to help your team evaluate its best ideas. The approach
works especially well with controversial ideas, such as innovative new busi-
ness models, because it makes time for objectivity and subjectivity, as well
as for evaluating the pros and cons of the proposed solution.

Although you can use Six Thinking Hats to generate ideas, it works
equally well after you've narrowed down the list of ideas to a couple of
viable options. It can be tricky to keep the group on track, so you may
consider additional training in this technique, or bringing in an experienced
facilitator.

Background

Six Thinking Hats is a lateral thinking exercise created by Edward deBono in
the 1980s. During the exercise, team members wear (role-play) a metaphor-
ical hat that represents a mode of thinking (Exhibit 29.1):

1. Black is judgmental, warning of difficulties, dangers, and pitfalls.

2. Yellow remains optimistic, probing for the positive value and benefits
of the idea.

3. White calls for information known or needed, is emotionally neutral,
and seeks the facts.
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7T

EXHIBIT 29.1 Thinking Hat. Each hat represents a different orientation to solving
problems.



Six Thinking Hats 171

4. Red articulates emotion, feelings, and hunches, without explanation or
judgment.

5. Green encourages creative thinking, focusing on new ideas, possibilities,
and alternatives.

6. Blue represents process-based thinking, and is worn by the facilitator
at all times.

Thus, if everyone on the team is wearing the white hat, all comments
and suggestions must be factual or based on data. During this time, no emo-
tional (red hat), judgmental (black hat), optimistic (yellow hat), or outlandish
(green hat) thoughts are allowed.

Although Six Thinking Hats can be a lot of fun, it’s also empowering because
it makes use of every team member’s intelligence and experience, and encour-
ages constructive criticism. As a result, the team’s performance and results are
strengthened.

Steps

Scenario: GreenJeans Software sells computer programs to track household
income and expenses. The company is looking to grow its market share,
and wants to explore the feasibility of offering its service via the Internet.
While most team members are in favor of this idea, they need to convince
upper management that the service can be offered securely, and that it can
be reliably supported with minimal restructuring.

1. Assign Facilitator and Establish Ground Rules

During Six Thinking Hats, the blue hat is worn by the facilitator. This per-
son’s role is to remain neutral and guide participants through the exercise.
Before beginning, the facilitator should explain any ground rules, including
the following:

e Reason for the meeting, which includes a recap of the JTBD (see Jobs
To Be Done, Technique 1), and the key idea(s) the team will evaluate
using Six Thinking Hats.
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e Perspective of each thinking hat.

¢ Order in which the hats will be worn. Note that the order depends on the
topic you're discussing, as well as participant familiarity with the topic
and each other. For our example, the GreenJeans Software team will
wear the hats in order of: White, Yellow, Black, Green, Red, and Blue.

¢ Time allotted to wear each hat. Typically 1 to 5 minutes per hat works
well—except for the red hat, which should be limited to one minute
or less.

Regardless of the sequence of hats, the facilitator must keep the team moving.
Remember, the point is to view the idea from all six perspectives and not to
remain fixated on any one point of view.

2. Assign a Scribe

Ask someone who will not participate in the exercise to take notes. Since the
exercise is entirely verbal, this role is important for documenting the group’s
discussion and the outcome. Alternatively, you could provide a pad of sticky
notes to each participant, and ask them to post their comments on a flip
chart or white board as the exercise proceeds.

3. Assume the White Hat

Everyone puts on the first hat, depending on the order you've chosen. In
our example, the team assumes the white hat, which represents objectivity.
Participants must stick to factual information, including making notes of any
additional information needed to evaluate the proposed idea. Key questions
for the group to consider include:

¢ Why do we think this idea will fulfill the JTBD?
e What data do we have in support of the idea?

e What information do we need before we can move forward?

During the White Hat discussion, the GreenJeans team reviews the
proposed specifications for the new online service, and the recommended
modifications to the company’s existing infrastructure.
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When wearing the white hat, don’t get sidetracked with fact-checking or argu-
ments about whether something is true—validity can be confirmed later.

4. Assume the Yellow Hat

Moving on to the yellow hat, the team explores the positive aspects of the
idea. In addition to articulating the value of the proposed solution, yellow hat
thinking can result in a refined vision that takes the idea in a new direction.
Key questions include:

e What are the benefits of this idea?
e Why do we like this idea?

e What's the best possible scenario that could result from implementing
this idea?

For example, an online service for tracking household expenses could
lead GreenJeans Software to abandon its packaged programs, drastically
reducing manufacturing and distribution costs. It could also be a differen-
tiator from the competition if the service remains on the cutting edge of
web-based technology.

The Six Thinking Hats are about modes of behavior, not categories of people.

5. Assume the Black Hat

Next, participants wear the black hat to uncover risks and adverse outcomes
that could result from implementing the idea. Caution, logic, and critical
thinking are the keys to making the black hat session effective. A few critical
questions include:

e What's the downside to this idea?
e What are the idea’s weaknesses?

e What could go wrong if we implement this idea?
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In our example, the GreenJeans team discusses security and cost con-
cerns while wearing the black hat. Since these concerns are also held
by management, the discussion serves a dual purpose by preparing ev-
eryone for the objections they will face when presenting the solution to
management.

Beware of overusing the black hat. The goal is to flag potential failure points,
not to generate alternative ideas or abandon the proposed solution altogether.

6. Assume the Green Hat

The team puts on the green hat, which represents creativity and forward
thinking. Since the green hat follows the yellow and black hats, questions to
ask the team include:

e How can we improve on the idea?
e How can we make the idea more practical or appealing?

e How do we package the idea?

During the green hat discussion, the GreenJeans team suggests ways to
overcome security concerns about the online service and how to differentiate
the service from the competition.

If you're using Six Thinking Hats to generate new ideas, instead of evaluating a
few key ideas, start with the green hat.

7. Assume the Red Hat

The red hat gives everyone the opportunity to express opinions in a nonjudg-
mental forum. While wearing the red hat, participants don’t have to justify
or prove their statements; it's the time to be subjective. “How do you feel?”
is the key question. Alternatively, you can use the red hat discussion to vote
on any idea variations that came up during the green hat session.
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If the topic of discussion is controversial, start with the red hat to get everyone’s
emotions out in the open. In fact, until this happens, you may not get the focus
you desire on other points of view.

8. Assume the Blue Hat

At the end of the exercise, everyone dons the blue hat to outline next steps,
assignments, and the like.

Resource

de Bono, E. Six Thinking Hats. Boston, MA: Little, Brown, 1999.






PART II1

DEVELOP THE SOLUTION

ost organizations go about refin-
ing their products and services—making them better—without first ques-
tioning their legitimacy. But if you've gotten this far in the innovation
process, then you've already legitimized your new solutions by (a) mak-
ing sure they’re well defined and (b) making sure they've passed through a
rigorous yet expansive ideation process.
This third phase of innovation transforms your great ideas from the
white board into workable models. The questions become:

What functions will it perform and how do I design it?

How will T assess how good it is?
What alternatives do I have?

Can I make my solution invincible, and manage the risk of trying?

First you formulate the design by specifying performance targets for all
aspects of your new solution, including the processes that will make it. Use
the Performance and Perception Expectations technique to gather customer
expectations about your product or service. Then use these techniques to
generate and further refine your initial design concepts: Axiomatic Design,
Function Structure, Morphological Matrix, and TILMAG.

The next task is to prioritize and select a design by filtering through a
number of design concepts to the point where just one is pursued for further
development. Two techniques are very helpful in this regard: Paired Com-
parison Analysis and Pugh Matrix. You can also use both of these techniques
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to test how well the output of an idea session stands up to customer outcome
expectations upstream in the innovation process.

Once you know which solution you'll carry through to commercializa-
tion, it’s time to optimize the design. For this see these design-optimization
techniques: Process Capability, Design Scorecard, Design FMEA, Discrete
Event Simulation, and Rapid Prototyping. Also see Robust Design, which
can help make sure your new solution functions as intended regardless of
uncontrollable events and circumstances.



TECHNIQUE 30

Performance and Perception
Expectations

Identify what customers want in your solution.

erformance and perception expecta-
tions, and the degree to which they are satisfied, form the basis of customer
satisfaction with your products and services. For example, people who drink
diet soda expect it to have a certain caloric content (performance expecta-
tion), but also want it to taste good (perception expectation). If the soda fails
in either regard, customers may move to a competing solution that better
meets their expectations.

Just as outcome expectations provide actionable substance for a job
to be done, performance and perception expectations provide actionable
substance for innovating a specific solution (product, service, process or
business model). At this point in your innovation project, you should have
a solution in mind. Designing the solution begins with understanding and
articulating performance and perception expectations from the customer’s
point of view. To be successful, you'll need at least a modest understanding
of how to gather voice-of-the-customer data via surveys, focus groups, and
interviews.

Background

Customers have three types of expectations—outcome, performance, and
perception. Outcome expectations (see Technique 2), are specific to the job
the customer wants to get done. Performance and perception expectations,
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on the other hand, are specific to the solution that will get the job done. All
three types of expectations are closely aligned; however, performance and
perception expectations provide more clarification than outcome expecta-
tions.

Performance expectations are objective, unambiguous, and measurable
expectations customers have about a product or service. They must have an
operational definition, a unit of measurement, and a desired target range.
Examples include the weight of a product, service delivery lead times, the
product or service cost, and such product quality characteristics as durabil-
ity, reliability, maintainability, and so on.

Perception expectations are subjective, ambiguous, and difficult-to-
measure characteristics desired by customers. Examples include ease of use,
look and feel, ease of doing business, and timeliness. Many of these expec-
tations can become performance expectations after establishing operational
definitions and associated measurements.

Defining customer expectations as either performance or perception
allows us to avoid confusion around the voice of the customer and the many
labels often applied to it—customer needs, wants, requirements, standards,
critical-to-quality (CTQ), critical-to-satisfaction (CTS), delighters, and so on.

Similarly, customers are traditionally classified into confusing or mis-
leading categories—internal customers, external customers, partners, pa-
tients, clients, patrons, guests, fans, and so on. In reality, all customers can
be simply defined based on their role as an end user, a broker, or a fixer.

It's important to understand all three types of customers so you can
consider each group when designing your innovation. Once you've done
this, you can determine how best to meet each group’s expectations through
the use of such techniques as Axiomatic Design (Technique 31), Function
Structure (Technique 32), and TILMAG (Technique 34).

Steps
1. Define the Focus

With many products and services, design occurs at the subsystem level where
many target components and processes interact to create the final solution.
Thus, when you're defining performance and perception expectations, you
need to agree on which part of the solution—target or final—is the focus.
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Additionally, make sure your team has the same definition in mind. For
example, what do you think of when you hear the word prescription? Do you
picture a bottle of medication or a piece of paper? Both have very different
features and functionality, and different end users. If you were part of a team
charged with designing a better prescription process, you would certainly
want everyone to have the same definition.

2. ldentify Customers

It’s important to identify the customers for your solution by type—each will
have different performance and perception expectations. As we mentioned
earlier, customers fall into three general categories:

1. End Users: The ones for whom a solution is created; they use products
and services to get a certain job done.

2. Brokers: These are intermediaries, such as retail stores, car dealers,
pharmacists, and travel agents. Brokers make products and services
accessible to end users, and also transmit customer expectations to the
solution provider to improve the value of the solution.

3. Fixers: These are individuals or organizations that improve the product
or service during its life cycle through repair, modifications, corrections,
additions, or deletions to better meet end-user expectations.

Keep in mind that customer roles are dynamic—they are determined
by the customer’s relationship with the solution at a given moment. For
instance, the end user in a restaurant is the person(s) having a meal. A
waiter is a broker, unless that waiter comes in on his night off to enjoy
dinner, in which case he becomes an end user. A restaurant critic having a
meal is an end user but also a fixer because her comments may influence the
restaurant to provide a better product or service.

Think carefully about who the end users of your solution really are. For example,
the end users for an airplane engine (target solution) are aviation manufacturing
workers. The end users for an airplane (final solution) are airline employees.
Passengers are actually end users of the transportation solution offered by the
airline.
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3. Gather Expectations

For each customer segment, identify performance (objective and measur-
able) and perception (subjective) expectations. You can gather this infor-
mation using customer surveys, focus groups, or interviews. The specific
approach will depend, in part, on the level of innovation in your solution—it
would be difficult for people to complete a survey, for instance, on a com-
pletely new offering they have never seen, although a survey would be in
order if you're simply adding new features to a well-known product.

For the most part, focus groups work well because you can ask open-
ended questions and the group dynamic usually generates more discussion
than individual interviews. Ask participants to fill in the blank for this
question: “A satisfying solution is one thatis __.” Note that if
you change the wording slightly to “A satisfying solution is one that has
;> you'll end up with a list of functional attributes in-
stead of expectations. Similarly, if you ask, “A satisfying solution is one that
does ,” you'll uncover the job to be done.

Typically, performance and perception expectations fall into five categories:
ease of use, timeliness, cost, options, and certainty, which refers to a series of
quality measures such as reliability, maintainability, and so on.

It can appear sometimes that perception expectations are synonymous with
outcome expectations, but they are not. While they can seem similar to the
untrained eye, perception expectations relate specifically to the solution at hand
(as do performance expectations), while outcome expectations are solution-
neutral and relate to the job to be done.

4. Classify Expectations by Type

Once you've gathered customer expectations, categorize each one as either
a performance or perception expectation, and determine how you will mea-
sure it. For performance expectations, establish the operational definition,
unit of measure, and targets for each of the measurements. For percep-
tion expectations, use a surrogate measure that is strongly correlated to the
expectation.
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EXHIBIT 30.1 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstoolkit.com/downl oad.

For example, Exhibit 30.1 shows end user performance and perception
expectations for a Voice Over Internet Protocol (VOIP) service that allows
people to make phone calls via the Internet.

For any solution, a performance expectation such as “reliability” would likely
be tracked with a metric called “mean time between failures.” This metric, in
turn, is included in your Design Scorecards (Technique 39) for that solution.

5. Align Expectations between Customer Segments

After you have a thorough understanding of the expectations for each cus-
tomer type, look for potential conflicts of interest and determine a way to
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minimize or resolve these issues. For instance, end users may desire a level
of customization that makes it more difficult for fixers to service a product.
In this case, the provider may choose to offer fewer customization options
to end users in order to meet the fixer expectation of easy to repair.

Although it’s critical to meet the expectations of end users, be careful not to
alienate brokers or fixers along the way. The most successful organizations are
able to align expectations between different customer segments so that conflicts
are minimized.

6. Translate Expectations into Design Requirements

Use other techniques, such as Axiomatic Design (Technique 31), to convert
your customer’s expectations into a viable design starting with functional
requirements.

Performance expectations are the Key Performance Indicators (KPls) on which
you’'ll focus your design and optimization efforts, and which you will track
over time with your Design Scorecards (Technique 39) and/or Process Behavior
Charts (Technique 52).

Resource

For more on how to identify customer expectations, see:

Lawton, R. Creating a Customer-Centered Culture: Leadership in Quality, Inno-
vation, and Speed. Milwaukee, WI: ASQ Quality Press, 1993.



TECHNIQUE 31

Axiomatic Design

Transform what customers want into the best products and services.

xiomatic design is the process by
which you translate your customers’ performance and perception expecta-
tions, or customer attributes (CAs), into functional requirements (FRs), then
design parameters (DPs), then process variables (PVs). It's especially helpful
when working with complex systems that contain extremely large numbers
of FRs and, consequently, large numbers of DPs and PVs—sometimes num-
bering beyond the thousands. A jumbo jet or a powerful software application
are examples of this.

The progressive axiomatic design activity ensures that the final solu-
tion is the best design, delivers what the customer needs, and can be re-
liably manufactured or delivered. While axiomatic design can be readily
understood at a high level, applying it to complex systems (its purpose)
requires an expert who has extensive education and experience with the
technique.

Customer attributes are synonymous with performance and perception expecta-
tions, so see Technique 30 to help with forming the front end of your axiomatic
design activity.

Background

Two axioms underlie axiomatic design—the independence axiom and the
information axiom.
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The independence axiom asserts that all FRs and their associated DPs
remain independently attached; therefore, if you adjust a DP to satisfy an FR,
you do this without affecting other FRs. Designs that don’t satisfy the inde-
pendence axiom are called coupled. Designs that do satisfy the independence
axiom are called uncoupled or decoupled.

You always want to produce either uncoupled or decoupled designs be-
cause this keeps a design as modular and independent as possible. Therefore,
if any one part of a system malfunctions, the unwanted consequences do not
propagate throughout the entire system. Also, independent designs enable
the segmentation of engineering work when dealing with very complex and
extensive systems.

The information axiom is based on information theory, which es-
sentially says that the best design is the one with the least information
content—while also satisfying the independence axiom. Information con-
tent is defined in terms of probability: the more likely the design is to re-
duce the influence of variation from process parameter changes, different
customer-usage conditions and repeated use, the better it meets the infor-
mation axiom.

A design that meets the information axiom is called a robust design
(see Technique 38) because it maximizes the probability that it will meet its
specifications (process variables, or PVs) on an ongoing basis. For example,
a process variable like tensile strength or data-entry errors can function as
intended along a spectrum from zero to absolute perfection; but in reality it
always functions somewhere in between the two extremes.

Axiomatic design is credited to Dr. Nam Pyo Suh, a professor of mechanical
engineering at MIT.

In establishing designs that meet the independence and information
axioms, the axiomatic design practitioner engages in a demanding and disci-
plined process of zigzagging between FRs, DPs, and PVs, as shown in Exhibit
31.1. In essence, this zigzagging is the process by which FRs are translated
into their corresponding DPs and PVs—all the while maintaining as much
independence as possible, and fulfilling the information axiom such that the
design performs to its specifications as often as possible.
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Independence Axiom

We can illustrate the independence axiom by showing the relationship of
two DPs and two FRs—knowing that for such a simple 2 x 2 design, one
would not need axiomatic design. But since axiomatic design is so complex
in practice, this is the best way to illustrate how it works at a high level. The
examples that follow are highly stylized for illustration purposes; in reality,
they would be more extensive and detailed.

Coupled Design

Looking at Exhibit 31.2, we see that both water flow (FR1) and temperature
(FR2) are influenced by both the angle of the cold valve (DP1) and the angle
of the hot valve (DP2). The design is therefore coupled. Taking a service
example, both the quality of a new hire (FR1) and the speed of the hiring
process (FR2) are influenced by the number of interviewers involved (DP1)
and the method of scheduling interviews (DP2).
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EXHIBIT 31.2 A coupled design is one in which all functional requirements cannot be
achieved independently by adjusting design parameters without affecting other func-
tional requirements.

Decoupled Design

A decoupled design is preferred over a coupled design. Looking at Exhibit
31.3, we see two simple FRs and DPs in a pulley-and-belt design for using the
power generated from a car’s crankshaft to run its air conditioner. The belt
cannot slip sideways (FR1) and cannot slip forward or backward (FR2) as the
system operates. In a decoupled design, both FR1 and FR2 are influenced by
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EXHIBIT 31.3 A decoupled design is one in which all functional requirements can be
achieved independently by adjusting design parameters. However, at least one design
parameter affects two or more functional requirements.
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the pulley design (DP1), but only FR2 is influenced by the antifriction design
(DP2).

Also shown in Exhibit 31.3 is a web-based e-transaction where both
FR1 and FR2 are influenced by DP1, but only FR2 is influenced by DP2.
In other words, the home page design (DP1) determines what shows
on the home page (FR1) and enables further searching (FR2); but the
search algorithm (DP2) does not determine what is showing on the home
page (FR1), and only enables the identification of additional products for
sale (FR2).

Uncoupled Design

An uncoupled design is preferred over a decoupled or coupled design. Look-
ing at Exhibit 31.4, we see two FRs and two DPs involved in a faucet design,
where the flow rate valve (DP1) influences water flow (FR1), and the hot/cold
mixing valve (D2) influences water temperature (FR2). The DP1/FR1 combi-
nation is totally uncoupled from the DP2/FR2 combination, thereby ensuring
that each FR/DP combination can stand alone.

We can further illustrate an uncoupled design in the service world by
looking at two DPs and two FRs related to purchasing a product online. In
Exhibit 31.4, the shopping cart design (DP1) influences friendly checkout

An Uncoupled Design with 2 x 2 FR-DP Matrix
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EXHIBIT 31.4 An uncoupled design is one in which each functional requirement is
independently achieved by a corresponding unique design parameter.
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Information Axiom and Information Content
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EXHIBIT 31.5

(FR1), and the secure payment transfer system (DP2) influences payment
from the customer (FR2).

Example—Information Axiom

The information axiom can be best explained with the help of Exhibit 31.5,
which shows that the success probability of any design can be calculated by
using the design range (usually tolerance) and the system range (described
by process variation). The information content of the design is calculated by
the area under common range (Acg) and is given by the following equation:
Information content = I = log; (1/AcRr).

It’s clear from the equation that if the Acg = 1, or the design range is
equal to the system range, then information content equals zero—indicating
that the design is as good as it could be. If the information content is greater
than zero, then risk of defect or malfunction is present and, therefore, the
design may not be optimal or the best it could be.

This also means that any design is good as long as the system vari-
ation range is within the design range, irrespective of process variation.
But if the system range is beyond the design range, then defects, errors, or
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malfunctions will occur. The extent to which the system range exceeds the
design range is the extent to which you are exposed to potential failures.

Your first objective with axiomatic design is to make your design as independent
as possible with reference to functional requirements. After this you would make
it as robust as possible, as per the information axiom, using such techniques
as Robust Design (Technique 38), Design FMEA (Technique 40), and Mistake
Proofing (Technique 49).

Steps
1. Determine Customer Aftributes

Customer attributes (CAs) can be collected in any number of ways. The key to
know is that in axiomatic design, performance and perception expectations
are equivalent to CAs, and they are what customers expect from a specific
product or service. In other words, CAs come into play when you have a
specific solution in mind, and you need to design it in the best way.

2. Translate Customer Aftributes into Functional Requirements

This step entails moving from the language of customers into the language
of the designer, or what the solution will do. While the customer might say,
“I want it to look good,” the designer might translate this into “I need it to
be a transparent blue color.” The customer wants to arrive safely on time
on a cross-Atlantic flight, so the designer needs 200,000 pounds of available
thrust to get him and the other passengers there as they wish.

This step is also when the designer identifies any design constraints that
need to be addressed. Such constraints (cost for instance) represent bound-
aries for acceptable design solutions—or realities you have to work around
as you flow your functional requirements (FRs) into their corresponding
design parameters (DPs) in the next step.

There are two kinds of constraints: input and system. Input constraints are
imposed as part of the design specifications. System constraints are imposed by
the system in which the design solution must function.
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3. Translate Functional Requirements into Design Parameters

Next the designer translates each FR into a corresponding set of DPs in the
physical domain. These DPs are your critical material/service targets and
specifications. For instance, if the FR is to make a part blue in color, then
the DP for that FR might be to target 0/0/255 (blue) on the RGB color scale,
with a tolerance of plus or minus five points on the RGB scale.

4. Map Design Parameters to Process Variables

The final step of axiomatic design ensures that you map your design speci-
fications to your process, so it can produce and deliver your new solution,
time after time, without mistake. Using the same approach used in translat-
ing FRs into DPs, the designer translates each DP into a set of corresponding
process variables (PVs). Therefore, if the DP is 0/0/255 on the RGB scale, plus
or minus five, then what are the variables in the process that make the part
meet this specification? These are the related PVs.

Note that the process entailed in translating FRs into DPs and DPs into
PVs is done hierarchically and iteratively—starting at a high level of detail,
then decomposing into finer levels of detail (see Exhibit 31.1). This is the
zigzagging aspect of axiomatic design, as FRs are decomposed into DPs, and
as DPs are decomposed into PVs. At each level, design decisions are made for
each domain, which is zigging. Then the design team backtracks to the func-
tional domain and determines the next level down, reflecting all the design
decisions across the domains at the level above. This is the zagging part.

While zigging and zagging, the designer ensures that each set of lower-
order FRs, DPs, and PVs retains as much independence as possible and also
fulfills the information axiom.

Resources

For more reading and knowledge, see:
El-Haik, B. Axiomatic Quality: Integrating Axiomatic Design with Six Sigma, Re-
liability, and Quality Engineering. Hoboken, NJ: Wiley Interscience, 2005.

Pyo Suh, N. Axiomatic Design: Advances and Applications. New York: Oxford
University Press, 2001.



TECHNIQUE 32

Function Structure

Identify how the solution functions in its whole and its parts.

unction Structure breaks the intended
overall design function into cohesive and naturally workable subfunctions
that lend themselves well to error-free development. For example, you would
use Function Structure when designing a refrigerator to move from the
functional requirement (control freezer temperature at —18 C) to the design
parameter (turn compressor on or off when air temperature is higher or
lower than the set temperature).

The Function Structure technique is employed when you need to cre-
ate design concepts and are translating functional requirements into design
parameters. But since Function Structure doesn’t necessarily address the
independence of requirements and parameters, it’s most effective when ap-
plied in conjunction with axiomatic design (see Technique 31). Function
Structure is best applied with the help of a qualified engineer.

Steps

Scenario: To demonstrate Function Structure, we'll look at the design for an
automatic hair washing machine—a device that would take the place of the
person who preps you for a haircut when you visit a salon.

1. Clarify the Design Problem

What is the overall intent of the design, or the function the design must
perform? Write the function in the middle box of a Function Structure
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diagram (Exhibit 32.1). The intent of our example system is to automatically
wash hair.

2. List the Inputs and Outputs for the Function

To the left of the function, list the inputs—what does the system need to
perform its overall function? To the right, list the outputs—what will the
system deliver (both intended and unintended)? List all inputs and outputs
under the categories of material, energy, or information.

Exhibit 32.1 shows the inputs and outputs designated for the automatic
hair-washing system.

3. Divide the Overall Function into Identifiable Subfunctions

Now ask, “What are the corresponding subfunctions needed to fulfill the
main function?” List these subfunctions below the main function, connect-
ing them in sequential order once you have listed them all (Exhibit 32.2).
Keep in mind the following:

¢ Subfunctions are performed through some physical process or activity
that is executed by a system or mechanism.
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¢ Subfunction statements should consist of a noun and a verb (e.g., de-
crease pressure, register customer, rinse hair).

e You can keep dividing subfunctions until they cannot be subdivided
further, but this isn’t very practical. Only identify subfunctions to an
appropriate level based on the type of design.

e Each subfunction should fulfill a customer need—either an outcome ex-
pectation (see Technique 2) or a performance or perception expectation
(see Technique 30).).

4. Develop Possible Solutions for Each Subfunction

Once you've developed your Function Structure diagram to the appropri-
ate level, the final step is to ideate possible solutions (design options) for
each subfunction. You can combine or further subdivide the subfunctions
as needed. Exhibit 32.3 shows the automatic hair-washing function broken
down into subfunctions with the exchanges of material, energy, and informa-
tion indicated. This can guide the ideation of solutions for each subfunction.
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When seeking subfunction solutions, use any of the more advanced
ideation techniques in this book, as simple brainstorming can leave you
void of innovative ideas. During this process, stay focused on solutions at
the subfunction level. For example, ask:

e How can I select settings?
e How can I wet hair?

e How can I apply shampoo?
¢ How can I rinse hair?

e How can I update status?

For our automatic hair-washing subfunctions, a list of possible solu-
tions or design options are shown in Exhibit 32.4.

If you're satisfied with the list of possible solutions, move on to Morpho-
logical Matrix (Technique 33) to see how the subfunction solutions can be
combined to create an innovative design. If you're still struggling to surface
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EXHIBIT 32.4

innovative design options, try TILMAG (Technique 34) or HIT Matrix (Tech-
nique 16).

Resource

For a full treatment of Function Structure, see:

Pahl, G., and W. Beitz. Engineering Design: A Systematic Approach. New York:
Springer-Verlag, 1999.



TECHNIQUE 33

Morphological Matrix

Generate solution concepts by combining design alternatives.

orphological Matrix combines
design options at the subfunction level to help you come up with new solu-
tions. For instance, if you are building a self-driving car, you have many ways
to design the car’s subfunctions (GPS navigation, voice recognition, external
sensors, etc.). Morphological Matrix enables you to determine all possible
design solutions, including approaches that combine design options in ways
you might not have thought of before.

You can use Morphological Matrix after you have identified your sys-
tem’s subfunctions with the Function Structure technique. Or, if you're
following axiomatic design, Morphological Matrix will help you trans-
late functional requirements into design parameters. Although the tech-
nique itself is easy to use, the team must have significant expertise
related to the system to understand its subfunctions and evaluate the design
options.

The premise of the term morphology is that by understanding the underlying
parts of a system (the system’s subfunctions), you will better understand the
entire system (the system’s overall function, or job to be done). Thus, when you
look at a system’s morphology, you are essentially asking, “What parts make up
the whole?”
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Steps

Scenario: In Function Structure (Technique 32), we determined a list of
design options for an automatic hair washing machine. We can use Mor-
phological Matrix to combine these options into possible solutions at the
subfunction level.

1. Determine the System’s Subfunctions

For simple designs, you can brainstorm a list of subfunctions. More complex
systems require the use of Function Structure (Technique 32) or axiomatic
design (Technique 31). For process-based innovations, a Process or Value
Stream Map (Technique 46) will help you identify subfunctions, which may
correspond to steps in the process.

Subfunctions should comprise the system as a whole, but should not be so
granular as to overlap each other.

2. List the Design Options for Each Subfunction

Try to list at least two but no more than six design options for each sub-
function; fewer than two options leaves no alternative routes through the
matrix, and more than six makes it difficult to evaluate without the aid of a
computer. Don't assess the options at this point but merely document them.

Unlike TILMAG (Technique 34), you can compare more than two design options
simultaneously using Morphological Matrix, which makes it a more practical
technique for complex systems.

3. Assess Feasibility of Design Options

Evaluate the design options for initial feasibility and eliminate any options
that conflict with design constraints or customer requirements (Exhibit
33.1). Note that removing one option may make other options moot (such
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EXHIBIT 33.1 (Downloadable). After listing all design options in the matrix, take time
to eliminate any that conflict with design constraints or customer requirements.

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.

as the suction pump option in our example, which wasn’t needed after the
team removed the water reservoir option).

4. Generate Design Concepts

Combine the remaining options to derive design concepts (solutions for each
subfunction). Choose one option from each row until all possible combina-
tions have been documented (Exhibit 33.2). Depending on the complexity of
the matrix, you may need to do this on a computer since the total number of
combinations is likely to number in the hundreds, or even thousands. In our
example, there are 648 possible design concepts, calculated by multiplying
the number of options in eachrow (1 x 3 x 2 x 3 x3x2x3x1x2).
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EXHIBIT 33.2 (Downloadable). Here we see just a handful of the 648 possible design
concepts for an automatic hair washing machine that resulted from using a Morpholog-
ical Matrix.

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstoolkit.com/download.
5. Assess Feasibility of Design Concepts

The final step is to complete a preliminary evaluation of the design concepts
that, as before, can be based on physical or cost constraints. Be careful
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not to eliminate ideas prematurely; if in doubt, leave them in. You can
conduct further assessment using a structured evaluation technique such
as the Pugh Matrix (Technique 36). In our example, we eliminated design
concept numbers 4 and 5 because the fitted hood option will not work with
a reclining chair or massage table.

Additional Example

In addition to complex designs, you can use Morphological Matrix to help
you list and evaluate options for any type of process or service. In Exhibit
33.3, we see how one group used the technique to generate options for
a fund-raising program sponsored by a local restaurant. The number of
options in the matrix is nowhere near exhaustive, yet together they produce
500 different combinations (5 x 4 x 5 x 5). However, instead of combining
all the design concepts in a list, the team chose one option from each row
until they had enough viable solutions.
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EXHIBIT 33.3 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.
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Resources
For many helpful references including information about morphological
analysis from the technique’s originator, Fritz Zwicky, see:

Swedish Morphological Society (www.swemorph.com).

For an interesting look at combining Morphological Matrix with axiomatic
design concepts, see:

Weber, R., and S. Condoor. Conceptual Design Using a Synergistically Compati-
ble Morphological Matrix. http:/fie.engrng.pitt.edu/fie98/papers/1245.pdf.



TECHNIQUE 34

TILMAG

Pair ideal solution elements to create new design concepts.

ILMAG uses pair-based analogical
thinking to transform your innovation’s main features into unique design
concepts. For instance, if you paired the feature renewable power with fast
start-up, you might think of a battery-free flashlight that you shake to turn
on. The underlying principle used to make the flashlight work could also
provide a solution for your innovation.

The principle behind TILMAG is that the human mind works best when
comparing only two pieces of information at a time. Thus, TILMAG helps
you create unique solutions without becoming overwhelmed by all the pos-
sibilities. However, the tool increases in complexity as the total number of
features goes up. For this reason, it’s best used at the subsystem level, or
when you're comparing fewer than seven features.

If you use Function Structure (Technique 32) to identify your innovation’s sub-
functions, you can follow up with TILMAG to help you design a solution for
each subfunction.

Background

The TILMAG method was developed by Dr. Helmut Schlicksupp, a German
author and consultant known for researching and developing creativity tech-
niques. TILMAG is a German acronym for what translates into English as
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“the transformation of ideal solution elements in an association matrix.” It
sounds like a mouthful, but it’s actually quite simple:

e Ideal Solution Elements (ISEs) are the features or functions that your
innovation must have to meet customer expectations (for more infor-
mation, see Performance and Perception Expectations, Technique 30).

e The association matrix helps you transform ISEs into new and innova-
tive design concepts that meet the performance and perception expec-
tations for your solution. It does this by pairing each ISE with every
other ISE, which may bring to mind associations that were not evident
before.

Steps

Scenario: Let's assume that your innovation is a laptop computer that po-
lice officers use in their cars. Using TILMAG, you can discover which fea-
tures of the laptop will allow you to meet expectations and whether you can
meet them in innovative enough ways to distinguish your laptop from the
competition.

1. Develop ldeal Solution Elements

Translate your innovation’s performance and perception expectations into
ISEs: brief, concise phrases that describe a particular feature or function
customers will expect your product or service to have. Note that ISEs should
not be descriptions of the solution (e.g., long battery life), but instead should
be conceptual (e.g., renewable power) so you have room for creativity.

In our example, the team determined that the laptop ISEs were renew-
able power, fast start-up, large screen, and small size. Of course, you may have
other ISEs for a laptop used in a police car, including wireless connectivity
and durable components. But since the complexity of the tool goes up as the
number of ISEs increases, we'll limit our example to only four ISEs.

The TILMAG matrix needs at least three ISEs, and works best with four to six
ISEs. With three ISEs, that’s a relatively quick three cells to work. With six ISEs,
the matrix grows to 15 working cells.




206 DEVELOP THE SOLUTION

"
TILMAG Matrix
1 2 3
TILMAG Renswable Posmss Fast Htarup Large Boraan
H i Sell-winding walch Portable racd Fosd- ol map
SR Heeborid car battery G Rl u|:lh_|'|!|.:1-.
a Batmany-frae flashilaht Projecior
Elecirochemica rogction
L - Solar panal Big sermen TW
b e Mmrrn:ﬁmpe Spsnery rackdiop X
3
Fast startin | MPA player X X
\.';':I ¥

EXHIBIT 34.1 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.

2. Add Ideal Solution Elements to TILMAG Matrix

Across the top of the TILMAG association matrix, list all the ISEs except for

the last one. Down the left side, list the ISEs in reverse order leaving off the
first one (Exhibit 34.1).

3. Eliminate Duplicate Pairings

Cross out the cells where the ISEs correspond to each other (you don't
need to pair large screen with large screen, for example). Also cross out the

bottom right cell because this pairing already exists elsewhere in the matrix
(Exhibit 34.1).

4. Pair ISEs

For each of the remaining cells, brainstorm and record associations that
come to mind when you pair the ISEs (Exhibit 34.1). Ask what existing
products, services, business models, or systems can you think of that have
both ISEs as a feature or function. Try to identify at least one association
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for each pair. In some cells, you'll think of several associations. If nothing
comes to mind, skip the pair and come back to it later.

5. Generate Design Concepts

Finally, translate the associations you brainstormed in step 4 into design
concepts relative to your innovation. Discuss each association one at a time
and determine if the association could be applied as a solution to your
problem. For our example, we came up with several subsystem solutions for
a police car laptop (Exhibit 34.2).
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EXHIBIT 34.2 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstoolkit.com/downl oad.



TECHNIQUE 35

Paired Comparison Analysis

Rank design concepts against each other in pairs.

aired Comparison Analysis relies on a
simple matrix format to compare different and often divergent innovation
ideas or design concepts, enabling you to choose the one that gives you the
greatest chance of success. For instance, a carmaker might have five different
design configurations for a new gas/electric hybrid; which design is the best
one for the market?

Use Paired Comparison Analysis when you need to compare either more
upstream innovation ideas or more downstream design concepts. This tech-
nique is especially helpful when you don’t have objective data regarding
how different ideas could meet your customers’ outcome expectations (see
Technique 2), or when you're uncertain about how different design con-
cepts could meet customer performance and perception expectations (see
Technique 30).

Part of this technique’s advantage is that it’s easier to use than such
other comparative techniques as the Pugh Matrix (Technique 36). There-
fore, Paired Comparison Analysis enables you to quickly but comprehen-
sively assess the relative worth of all your options before committing to any
specific one.

Steps

Scenario: Let’'s imagine an advertising agency that has the opportunity to
land a multimillion dollar client who wants to launch a new product (over-
the-counter common-cold medication). The client wants to know what the
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advertising theme will be and what other themes were considered. The ad
agency uses Paired Comparison Analysis to answer these questions.

1. Create a Clear Operational Definition

An operational definition is an unambiguous and understandable descrip-
tion of what your solution alternatives (ideas or design concepts) are try-
ing to accomplish. In our example, the advertising agency’s objective is to
ensure the client gains an extra 8 percent of market share from the new
cold-medication ad campaign. With this description documented, there is
no ambiguity about why the agency is performing a Paired Comparison
Analysis—and different people can be involved, using and interpreting the
analysis in a consistent manner without any confusion.

2. Generate or Discover Alternative Ideas

Classically, completing a Paired Comparison Analysis calls for the use of
brainstorming techniques to come up with great alternatives. We recom-
mend using any or all of the ideation techniques in this book to move signifi-
cantly beyond classic brainstorming. If simple brainstorming were sufficient,
more teams would come up with more innovations more often than not. But
this is not the case.

Write a clear description of each alternative idea, and assign a letter
to each. You can also attach a descriptive title to the ideas. For example,
possible advertising themes could include:

e Dancing Ducks: Take-off on AFLAC’s talking duck, but uses a
Nutcracker Suite or Swan Lake theme with ducks singing and danc-
ing to lyrics describing the virtues of the product.

e Breaking News: News anchor delivering breaking news about how this
new product alleviates the symptoms of the common cold so much
better than competing products.

e Expert Doctor: Straight medical theme with actor posing as a doctor
extolling the virtues of the product for treating colds for all members of
the family. Provide comparative medical research findings.

e Gospel Choir: A gospel choir in a Sunday setting with uplifting and
joyful music and lyrics describing how you will be saved from further
suffering by using this product at the first sign of a cold.
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You should not eliminate any alternatives at this point. Paired Comparison
Analysis is a powerful tool for determining differences between alternatives,
even if they seem very similar.

3. Create a Comparison Matrix

A comparison matrix (Exhibit 35.1) is used to rank the ability of competing
ideas to provide a real solution. The matrix lists each idea under consid-
eration as both a row and a column. For all ideas that are not comparing
themselves, or are not redundant (gray shaded boxes in matrix), you must
decide which of the two competing ideas is better based on your operational
definition.

Comparisons should be made quickly—try not to take longer than 10
seconds on each decision. Write down the letter of the idea you chose as
better in each white cell, then indicate how much better you think the idea
is on a scale from 1 (minor difference) to 3 (major difference). If there is no
difference between the ideas, choose any of the two compared letters and
add a zero after it.

For example, let’s compare the Dancing Ducks theme with the Breaking
News theme. Given that the intrinsic worth of a new medicine can be more
comically conveyed in the format of a news broadcast than by dancing ducks,
we rank the Breaking News theme much higher.

Competing Advertising Themes
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EXHIBIT 35.1



Paired Comparison Analysis 211

4. Consolidate the Results

Add up the total of all the assessed values for each of the ideas. Convert these
values into a percentage of the total score. For our advertising themes, the
total score is 12 (derived by adding all the difference values). The results are:

Dancing Ducks (A) = 0 (0 percent)
Breaking News (B) = 3 (25 percent)
Family Doctor (C) = 2 (16.7 percent)
Gospel Choir (D) = 7 (58.3 percent)

Based on these figures, the choir theme is the advertising idea seen as
most likely to deliver on the market-share goal for the client’s new product.
Be careful though—the Paired Comparison Analysis technique is used
for determining which alternative is best based on only one criterion: the
operational definition.

If you want a more rigorous method of comparing multiple design concepts
against performance and perception expectations, use a Pugh Matrix (Technique
36).

Our advertising example compared a small number of ideas. In reality,
many more ideas can be compared, provided that they are gauged on the
same operational definition. Because comparisons are made quickly using
this technique, many combinations can be assessed in a relatively short
period.

Resource
If you are interested in the original, classic works on Paired Comparison
Analysis, see:

Thurstone, L. L. “A Law of Comparative Judgment.” Psychological Review 34
(1927): 273-286.
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Pugh Matrix

Evaluate all your design concepts to create the invincible solution.

Pugh Matrix assists in evaluating
multiple ideas or design concepts against each other in relation to a base-
line, or datum. For example, an innovation team might have many ideas
about how to whiten teeth using new technologies. Then, based on this
idea, the team might generate several specific design concepts for possible
commercialization. The Pugh Matrix can help refine these ideas and/or con-
cepts, and even facilitate the creation of more invincible hybridized ideas or
concepts.

Use the Pugh Matrix when you need to evaluate ideas against a set of
criteria related to solution-neutral outcome expectations (see Technique 2),
or when you need to evaluate design concepts against solution-specific per-
formance and perception expectations (see Technique 30). The Pugh Matrix
is a form of risk management: rather than prioritizing based on gut feel, rule
out alternatives and formulate superior ideas or design concepts in a more
structured, objective, and revealing way.

The Pugh Matrix and the concept of “controlled convergence” were invented
by Dr. Stuart Pugh at the University of Strathclyde in Glasgow, Scotland. The
basic idea behind the matrix is to discourage opinions and promote objectivity
through the systematic elimination of inferior concepts and the elevation of
superior concepts.
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Steps

Scenario: Ray Ray’s House of Hair has developed several competing design
concepts for an automatic hair-washing function, possibly even with more
features and benefits than provided by the traditional approach of having a
human wash the customer’s hair prior to cutting and styling.

1. Determine a Baseline (Datum)

The definition of your baseline depends very much on your innovation needs.
When redesigning an existing product or process, if no specific alternatives
have been defined, the status quo makes an ideal candidate. If you are inves-
tigating multiple different ideas or solutions, consider a middle-of-the-road
example as a baseline. This will allow you to objectively compare all the
options under consideration. In our hair salon example, we will consider the
human hair-washing method as our baseline concept.

2. Select the Concepts to Be Evaluated

Consider all the alternative concepts for comparing to your baseline. These
could be known alternatives, or new solution/design concepts you want to
consider but have not investigated in detail. Remember that this is a group
activity. Including a few way-out ideas often enhances group dynamics.

For automatic hair washing, Ray Ray’s has five related but different
automatic-hair-washing design concepts for evaluation, as shown in Exhibit
36.1 Each is a variation on either a reclining chair, a straight chair, or a
massage table system with such features as spray nozzles, bristles, massage
jets, massage hood, and other options (music, foot massage).

3. Define Evaluation Criteria

Each alternative concept is compared to the baseline datum relative to sev-
eral evaluation criteria, in this case, solution-level performance and per-
ception expectations. Each evaluation criterion becomes a row in the Pugh
Matrix. When using the Pugh Matrix to evaluate initial innovation ideas rel-
ative to some job to be done, the list of evaluation criteria are synonymous
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with higher-level outcome expectations. (See the Introduction for more on
how performance expectations differ from outcome expectations in the hi-
erarchy and process of innovation.)

4. Use the Criteria to Compare Concepts

Rank each design concept for each of the criteria against the baseline
(Exhibit 36.1). If the concept is better than the baseline, assign it a plus;
if it is worse, assign it a minus; if there is no discernable difference based on
the criteria in question, assign it an S.
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EXHIBIT 36.1 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.
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For each concept add up the number of pluses, minuses, and Ss, then
record these at the bottom of the matrix. Compare the total number of
plusses and minuses to help select the best concepts(s). The comparison row
is the total number of plusses minus the total number of minuses for each
design concept.

For our hypothetical example, the best design solution seems to be
the straight chair with the fitted massage hood that also plays music. But
the Pugh Matrix is not just a simple mathematical exercise; it's a qualitative
technique that forces discussion and the development of new and alternative
options to find the very best one.

Some people add an importance column to the Pugh Matrix for the purpose of
weighting certain evaluation criteria over others. But if this strategy is taken, be
careful to remember that you still use this technique to spark discussion about
how to create invincible ideas or solutions—not just select the one that has the
highest rating or comparison score.

5. Scrutinize and Refine Concepts

In repeating rounds, develop new design concepts by (a) synthesizing the best
features of different alternatives and (b) enhancing the strongest concepts by
adding features from the unselected concepts to overcome weak areas. Doing
this will result in the emergence of more and better innovative concepts, or
hybrids, that can again be evaluated with the Pugh Matrix.

For example, even though the straight chair with the fitted massage
hood that plays music is the best option, is there a way to overcome any
drawbacks of also adding other features and functions to the solution?
Maybe the system with the foot massage (option 5) could be designed in
a way that makes the multifunctional system just as reliable and easy to
maintain as the simpler system (option 4). Design-for-reliability and design-
for-maintainability principles could be applied in this regard.

Even though the massage table options seem inferior because they take
more time, maybe some customers are willing to spend more of their time
(and money) for this option. Maybe Ray Ray’s could add still more features
to this option to make it even more enjoyable and relaxing. Or maybe the
simple straight chair with the fitted massage hood and music is the best
choice to pursue.
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Resource

For more details about the Pugh Matrix and how to use it, see:

Pugh, S. Total Design: Integrated Methods for Successful Product Engineering.
Wokingham, United Kingdom: Addison-Wesley, 1991.
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Process Capability

Predict the performance of your new solution.

rocess capability compares the actual
performance of a product or service to its requirements or specifications
under two major conditions. One is when you want to predict how well
your newly designed product or service will perform prior to its release and
full implementation. The other is after your product or service is in full
operation and you want to measure how well it is meeting its performance
specifications or expectations.

Because we're primarily concerned about innovation, we’ll focus on
its predictive use. For example, if you've designed a new insulin pump, it
should be capable of administering a certain amount of the hormone at a
certain rate into the patient’s body. If you determine that the pump’s ability to
consistently perform is lacking, you can use the Process Capability technique
to improve its design by optimizing the settings of the pump’s input variables
(radius of the piston, motor speed, etc.).

Because there are so many different ways to calculate process capability,
it's common to use the wrong metric. This creates an erroneous impression
of how well the process runs, and creates confusion when comparing the
performance of different types of variables and processes (service, manufac-
turing, transactional). Therefore, this technique is best applied at first with
the help of a statistical or Six Sigma expert.
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Background

One way process capability can be measured is as a simple vield, or the
percentage of times the process meets its requirements. The Six Sigma com-
munity created another metric, sigma level, to normalize capability readings
for different types of processes. (How, for example, do you compare the
capability of an invoicing process with the capability of a light bulb manu-
facturing process?)

The sigma metric was also created to fine-tune performance measure-
ment in a competitive business environment that requires perfection or near
perfection. While a yield of 99.0 percent is equivalent to a 3.8 sigma level, a
yield of 99.9 percent (just 0.9 higher) equates to a 4.6 sigma level. The goal of
Six Sigma performance is to reach a sigma level of 6.0 or higher—equating to
ayield of 99.99966 percent—or only 3.4 defects per one million opportunities
for a defect.

The key is to make sure you determine the process capability for any
new solution and, if it is lacking, improve its design—making it more robust
to input variations through the principles of parameter design. Or, if this
route isn’t feasible, then you can take the less preferred but still effective
route of tightening the tolerances of critical inputs (tolerance design), then
improving your process capability while keeping your design as is. Rely on
robust design (see Technique 38) for executing both of these strategies.

Steps

Scenario: Let’s suppose a bank is testing a new information kiosk that pro-
vides customers with rapid approvals on refinancing mortgages. The bank
assembles a team, the Kiosk Configurators, to pilot the new system and de-
termine its process capability—or how well it meets customer expectations.

1. Determine Specifications (Performance Criteria)

Process, product, and service specifications come from customer expecta-
tions, engineering calculations, or even from examining the process itself.
Some specifications are very rigid (e.g., tolerances for parts in a turbine en-
gine). Others are not as rigid (e.g., telephone hold time for customer service).
In either case, specifications should be clear and unambiguous, employing
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a Measurement Systems Analysis (Technique 47) to verify that your mea-
surements are valid and reliable over time—or unbiased with acceptable
variation.

For our example, the Kiosk Configurators conducted a pilot during
which the team measured customer reaction to the time elapsed between
when a refinancing request is submitted and when the system displayed
the refinancing terms. The team determined that 97 percent of customers
are willing to wait up to two minutes before receiving information, 80 per-
cent are willing to wait up to three minutes, and 50 percent will wait four
minutes.

Based on this, the Kiosk Configurators determined that the kiosk should
display the refinancing terms within two minutes (120 seconds) for all users.
In essence, the team set an upper specification limit (USL) at 120 seconds.
There is no lower specification limit (LSL) because an instantaneous re-
sponse is still acceptable (although very unlikely).

2. Collect Appropriate Data

Process data is either quantitative or qualitative in nature. Quantitative data,
or variable data, is measured along a continuous scale (i.e., 1 to 60 seconds).
Qualitative data, or attribute data, is measured in categories, like pass/fail,
yes/no, blue/green, and so on. Both types of data have value, but usually
variable data is preferred over attribute data because it tells you more about
the process.

The Kiosk Configurators were able to measure performance in seconds
during their pilot using a timing device in the kiosk program. They captured
100 data points on a Saturday morning, relying on real customers. The data
were considered short-term because they were collected under controlled
circumstances in a short period of time when all equipment was working
correctly. The results are displayed in the dot plot shown in Exhibit 37.1 The
data is stable and typically below the USL of 120 seconds.

3. Calculate Capability Metrics

The simplest capability metric you can calculate is the percentage yield. For
example, using a pass-fail analysis, we can see in Exhibit 37.1 that 99 of
the 100 pilot tests were below the 120-second upper specification. We could
therefore report a yield of 99 percent. One issue with using pass-fail data is
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that we don’t know how
close the 99 successful
tests were to the USL. Are
we borderline or do we
have a lot of wiggle room
to accommodate any shifts
or drifts in the process?

However, using the
actual time measurements
(Exhibit 37.2), we can
identify where the central
tendency of the data lies (as
measured by the mean or
median), how much varia-
tion is present in the data
(range or standard devi-
ation), and the shape of
the data distribution (bell-
shaped with most data in
the center?). With these
parameters, we can better
describe the data and pre-
dict the impact of long-
term shifts.

A common capability
metric for continuous data
is the sigma level, or the
number of standard devi-
ation (o) units that lie be-
tween the mean and the
upper specification limit
(USL). In our case, with a
mean of 95, a USL of 120
and a standard deviation
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of 10, there are 2.5 standard deviations in between: (120 — 95)/10 = 2.5.

This would be described as a 2.5 sigma process, depicted in Exhibit
37.3. Using the properties of the normal distribution, we would predict that

0.6 percent (derived from a standard table) of the total population of cus-
tomers would experience response times in excess of 120 seconds.
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Process capability is expressed in either the short-term or the long-term.
Recall that the Kiosk Configurators determined capability by collecting data
from one short period of time. Therefore, they can expect 0.6 percent of
customers to have wait times longer than 120 seconds in the short term; over
the long term, however, they can expect the process to shift and drift, thereby
deteriorating process capability.

Specification limits can be one-sided or two-sided. For two-sided specifications,
you combine the capability of the lower specification limit (LSL) and the upper
specification limit (USL) to derive an overall sigma level. Extensions to unstable
processes, two-sided specifications, and distributions that are not normally
distributed require additional analysis.

4. Improve the Design or the Process

After you implement your innovation, or during a test or pilot, you may find
your process capability lacking. Or you may need to improve it over time
as a response to competitive realities. Either way, you can improve process
capability in one of two ways using robust design principles (see Technique
38). First, try improving the design (parameter design) so it can be more
robust to input variation. Second, you can tighten the tolerances of critical
parameters (tolerance design), followed by improving the associated process
such that the design better meets performance expectations. Before either
of these, however, make sure your process capability readings are correct
and accurate using Measurement Systems Analysis (Technique 47).

For example, let’s say the Kiosk Configurators want to significantly
improve process capability due to new competitive pressures. They decide
to redesign their solution, which is a transactional process comprised of
various subprocesses, including but not limited to:

Query for, obtain, and report the customer’s credit score.

Determine the dollar amount of the loan.

¢ Determine the interest rate of the loan.

Query about and determine the loan down payment.

The Kiosk Configurators collect some data and discover that 80 percent
of loan inquiries are delayed because of the time it takes to receive credit
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scores from bureaus. Therefore, for any loan below a certain loan amount,
when the customer is also making at least a 25 percent down payment, the
bank will provide a preliminary estimate of loan terms without utilizing the
customer’s credit score. This process parameter design enables customers
to get a loan offer at the kiosk in 80 seconds on average, with an upper
specification limit of 100 seconds. If such parameter changes do not improve
the design to the extent wanted, we can employ a tighter tolerance on the
cycle time for credit score reporting, and then improve the score-reporting
process to make it faster.

Resources

Gygi, C., N. DeCarlo, and B. Williams. Six Sigma for Dummies. Hoboken, NJ: John
Wiley & Sons, 2004.

Use the following software packages to quickly calculate a variety of capa-
bility metrics with additional analytic graphics:

JMP (SAS).

Minitab 15 (Minitab).

SigmaXL (SigmaXL).

SQC Pack (PQ Systems).
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Robust Design

Make your design insensitive to uncontrollable influences.

obust design helps you reduce the
sensitivity of your innovation to uncontrollable noise variables. For instance,
an automotive designer might use robust design to develop a more fuel-
efficient car engine that is less susceptible to the vagaries of customer driving
habits and environmental conditions. Or a physician’s office might design
a patient-scheduling routine that is minimally impacted by variations in
staffing or patients arriving late.

Throughout the life cycle of a product or service, variation can and
will occur. Because variation negatively impacts performance, the resulting
customer experience will also be negative when the product or service fails
to live up to expectations. Robust design seeks to predict variation before it
occurs, and then prevent or minimize it through design.

To undertake robust design, you'll definitely need help from an expe-
rienced engineer or statistician familiar with this approach to testing and
analysis. You'll also need to know how to apply several other techniques in
this book including Performance and Perception Expectations (Technique
30), Axiomatic Design (Technique 31), Design FMEA (Technique 40), and
Design of Experiments (Technique 50).

Noise variables are factors that negatively affect the performance of a product,
service, or process, but which are difficult to control. Noise comes from three
primary sources:

e Production variation (staffing, materials, supply, equipment, environment,
skills, education, etc.).

223
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e Customer use and abuse (improper use, varying expectations, high volume,
high maintenance demands, etc.).

o Deterioration (drift in electronic parts, corrosion, employee fatigue, loss of
effectiveness, etc.).

Steps

Scenario: As we proceed through the basic steps of robust design, we'll use
the example of producing a skin patch that administers the correct dosage of
medication to a patient over a specified time period. This can be a difficult job
given that the drug’s absorption rate depends on such uncontrollable factors
as patient weight and skin thickness, correct application and usage of the
patch, and variable environmental conditions that may affect the patch’s
efficacy.

1. Identify Customer Expectations

Robust design starts with conceptual system design, during which you define
the ideal performance for your innovation, and make a list of measurable
system features that are critical to the customer. You may have already done
this using Performance and Perception Expectations (Technique 30). For
our skin patch example, the ideal design will consistently dispense a dose of
1.0 mg/hr + 0.2, regardless of patient fat content, skin condition, or other
environmental factors.

A robust design is one in which the outputs are insensitive to input variation.

2. Develop Conceptual Design

Using the list of desirable and measurable features from step 1, create an
initial design. For this high-level design, you can apply any number of
techniques, including Axiomatic Design (Technique 31), Function Struc-
ture (Technique 32), Structured Abstraction (Technique 23), and Separation
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Principles (Technique 24). Our skin patch design consists of multiple layers
of fabric webs at varying angles with a breathable, waterproof cover material
and a hypoallergenic adhesive.

3. ldentify Control Factors and Noise Variables

As you move to a more detailed design, make a list of control factors and
noise variables that may cause variation in performance (Exhibit 38.1).
Control factors include anything that you, the provider, can reasonably
manage—product specifications, equipment settings, storage, and so on.
Noise variables are factors that are beyond your control—material variations
(within tolerances), customer use and abuse, environmental conditions, and

the like.
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EXHIBIT 38.1 In this example, we see the factors that the skin patch manufacturer
can control (fop row), as well as noise variables (bottom row) that are beyond the
manufacturer’s control but have the potential to negatively affect product performance.
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4. |dentify Potential Deterioration

Throughout the product or service life cycle, deterioration is likely to occur.
Components wear out, materials become damaged or lose their effective-
ness. In the service realm, human error and inconsistencies contribute to
process variation and deterioration. To reduce the impact of these factors
on performance, use Design FMEA (Technique 40) to flag areas that are sus-
ceptible to wear or failure, and then design your product or service to avoid
or withstand deterioration as much as possible.

With regard to our skin patch, we need to address several deterioration
factors including how to best store the patch before use, and how to dispense
consistent dosages over 12 to 36 hours as medication is depleted from the
patch and absorbed into the skin.

5. Experiment and Determine Optimum Design

By this point, you've developed a conceptual design for your innovative prod-
uct or service and have made a list of noise variables that could negatively
impact performance. Now, entering the parameter design phase of robust
design, you can use physical experiments and/or simulations to refine the
design so that it is less affected by noise. For example:

¢ Use a Cause & Effect Matrix (Technique 53) to determine the relation-
ship between the design’s inputs and outputs. If you understand how
each input affects the output, both individually and in combination,
you can improve your design performance and reduce variability.

¢ Use Design of Experiments (DOE) (Technique 50) to test how varying
control factors affect your design. You should also test control factors
against noise variables to stress the design and ultimately reduce sensi-
tivity to customer use and abuse, as well as deterioration.

e If physical experiments are not feasible or cost-effective, use a com-
puter simulation such as discrete event simulation (see Technique 41)
to determine which inputs result in the optimal output.

Through a DOE for our skin patch, we found an interaction between
web thickness and web angles that will allow us to reduce the variation in
hourly dosage (high thickness produces less web angle variation than lower
thickness). We also found that the patch area has a curvilinear relationship
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with the dosage per hour. By working on the flatter part of the curve, we can
widen the design tolerance to maintain the same performance over time.

Parameter design helps you determine optimal functional requirements for your
innovation based on inputs, outputs, and the effect of noise variables.

6. Determine Detailed Design Tolerances

Now that you’ve minimized the impact of variation on your design, the last
step in robust design is the tolerance design phase. Here you establish detailed
tolerances or specifications that your design needs to operate within to meet
expectations. For example, through our analysis of the skin patch design,
we determined that expected variation, including noise, is approximately
0.033 mg/hr. This is more than acceptable if the required performance is
1.0 mg/hr £+ 0.2.

Resource

For more information on the philosophy and method of robust design, see:

Fowlkes, W., and C. Creveling. Engineering Methods for Robust Product Design:
Using Taguchi Methods in Technology and Product Development. Upper
Saddle River, NJ: Prentice Hall, 1995.
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Design Scorecards

Develop a dashboard to track your design and its underlying processes.

unctioning like the dashboard of a car,
Design Scorecards provide critical feedback data on three levels: system per-
formance, component performance, and process performance. For example,
consider the design of a new washing machine that uses no detergent but
works on the principle of ultrasonic waves and electrolysis. We can use
Design Scorecards to record the progress of the design process, enabling
necessary modifications to maximize the probability of implementation
success.

For innovation, the key benefit of Design Scorecards is their ability to
predict the final quality of a design and recognize gaps so it can be improved
before it’'s implemented. Is there a risk that your design will go wrong? How
will you know if and when it does? As well, you'll have to track your new
innovation after it’s implemented, making sure its performance record is
visible to stakeholders so they can prevent malfunctions if possible, or at
least react quickly to fix problems if they do occur.

Naturally, the more valid and robust your Design Scorecards, the more
likely you are to notice and fix production problems or service issues before
they lead to serious customer dissatisfaction. In this preventive regard, use
Design Scorecards in conjunction with techniques such as Design FMEA
(Technique 40), Measurement Systems Analysis (Technique 47), and Robust
Design (Technique 38)—with the help of a qualified engineer if working with
more complex systems.
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Design Scorecards have many uses, but primarily they identify which param-
eters or indicators contribute most to an optimized design. This helps your
innovation team decide where to focus efforts early in the design cycle.

Background

should be concerned with three Design Scorecard levels, as follows:

Performance scorecard: Predicts how the overall design will perform
against its expectations and functional requirements. Once imple-
mented, this is a summary comparison of actual-to-planned perfor-
mance of the innovation.

Component scorecard: Predicts the performance of key components that
affect the overall performance scorecard elements. Once implemented,
this summarizes the extent to which component quality levels fulfill
design intent and expectations.

Process scorecard: Predicts the overall quality level of key processes
that produce the product or deliver the service. Once implemented, this
summarizes the extent to which key processes and subprocesses meet
overall performance targets.

While the purpose of Design Scorecards is to prevent problems, defects, and
errors through superior design, they also enable better problem detection after
a new solution (design) is implemented. If you are in detect-and-fix mode, any
number of process-optimization techniques may help, such as Process Behavior
Charts (Technique 52), Cause & Effect Matrix (Technique 54), Mistake Proofing
(Technique 49), and Design of Experiments (Technique 50).

Steps

Scenario: An automaker is configuring a disc-brake subsystem for its 100-
mile-per-gallon light vehicle. Before, during, and after the design process,
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we can predict and evaluate the quality of the design with the help of Design
Scorecards.

1. Identify the Critical Parameters for the Performance Scorecard

Identify all the relevant customer expectations associated with your planned
system or subsystem (see Performance and Perception Expectations, Tech-
nique 30). In addition, locate any functional requirements that are not specif-
ically addressed by documented performance and perception expectations.

Performance expectations are measured in different ways, subject to
the nature of the solution involved. For each expectation, clearly identify:
(a) the type of variable (discrete, continuous), and (b) the measurement unit
(percentage, currency, feet, hertz, decibel, pass/fail, etc.).

In our example braking system, we use a number of descriptive statistics
at the performance, component, and process levels. For example, at the
performance-scorecard level (Exhibit 39.1), to gauge the performance of our
new braking system, we measure the following variables, or performance
indicators:

Performance Indicator Unit Variable Type
Stopping Distance Ft Continuous
Low Vibration Hz Continuous
Noise Level dB Continuous
Appearance Pass/Fail Discrete

Continuous indicators are tracked by looking at their mean and standard
deviation over a series of tests/observations. For example, the noise level
associated with our braking system was measured at a mean value of 34 Db
with a standard deviation of 1.5.

Discrete indicators are tracked by looking at their success rate. For the
appearance indicator in our example, we are interested in the number of
passes, considering the total number of observations or survey responses.

If you're implementing a business model innovation, then you might have such
performance indicators as profit, earnings, volume, customer loyalty, market
share, revenue, and so on.
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Some Performance Metrics and Terms

Requirement—Performance specification
Units—Items produced

GRR—Gage Repeatability & Reproducibility (Gage R&R)
Continuous—Type of data (scale)

Attribute—Type of data (categories)
Target—Desired performance level

u—Average or mean

o—Standard deviation

USL—Upper specification limit

LSL—Lower specification limit

ST or LT—Short term, long term
Opportunity—Chance for a defect or error to occur
DPU—Defects per unit

DPMO—Defects per million opportunities
Zst—Short-term capability

Product RTY—Rolled throughput yield

2. Determine Target and Specification Limits for Performance Parameters

These limits are obtained from customer input, regulatory requirements,
or design functional requirements. Upper specification limit (USL) refers to
the maximum allowable value for the parameter, whereas lower specification
limit (LSL) indicates the minimum allowable value.

Typically three scenarios apply to specification limits: (1) more is bet-
ter, (2) less is better, and (3) achieve a specific target. More-is-better type
requirements will have only an LSL, less-is-better type will have only a USL,
and achieve-a-target types will have an LSL and a USL.

In our example (Exhibit 39.1), let’s consider stopping distance. Customer
input and legislation require that the distance be “55 feet or less.” In reality,
a stopping distance less than the specification is preferred, so an upper
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specification limit of 55 feet is used. Because any shorter stopping dis-
tance would be acceptable, specifying a lower specification limit (LSL) is not
necessary.

Discrete indicators, such as appearance, will typically have a target value
of “none” or 0: we would always want our test to pass. For example, cus-
tomers might be asked if the appearance of a product pleases them or not.
They can answer yes (pass) or no (fail) on a questionnaire.

3. Predict the Performance Indicators

In this step, we predict the values of each of the performance indicators
(parameters). This is achieved through the use of transfer functions in the
form of Y = f(x). The transfer function is obtained from scientific principles,
Design of Experiments, or other known empirical relationships.

For example, we can predict the deflection performance of a spring
by utilizing the transfer function, F = K x X, where F is the spring force,
K is the spring constant and X is the deflection. By measuring the mean
and standard deviation of K and F, and using the transfer function, we can
predict the mean and standard deviation of X. This in turn can be converted
to a sigma level or defect level.

The predicted values are later compared against actual measured per-
formance values collected during prototyping, piloting, and design imple-
mentation.

When assembling your scorecard for your new design, keep in mind how
data will be collected and reported for your performance indicators. Actual,
observed indicator values may be sourced from specific test runs, data collected
from usage in the field, customer satisfaction records, call center logs, and so
on.

4. Build the Overall and Individual Component Scorecards

Identify the critical components that significantly influence the performance
of the overall system. Major components of our disc brake system are caliper,
brake pad, rotor, piston, and hub, as shown in Exhibits 39.2 and 39.3.
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Once the components [
are identified, predict their per-
formance by identifying their
critical inputs. For example,
the performance of the caliper
component is affected by sur-
face area, parallelism, volume,
clamp load, deflection, and ap- Wl
pearance of the caliper (Exhibit | staches
39.4). By measuring the per- =L
formance of these individual
items, we can predict the per-
formance of the caliper.

Build a scorecard for each
critical component using his- _ »
torical process capability data
(see Technique 37), Design of pyniBiT39.2
Experiments (Technique 50),
and simulations. You can then use this data to predict the overall perfor-
mance of each of the components.

Dizc Brake System

By evaluating alternative components to optimize or improve designs, the com-
ponent scorecard facilitates dialog between designers and suppliers.

5. Build the Overall and Individual Process Scorecards

Identify the critical manufacturing and/or service delivery processes (and
subprocesses) that significantly influence the performance of the overall sys-
tem and its critical components. For the disc brake system, some of the man-
ufacturing and assembly processes include caliper welding, caliper mounting,
and rotor mounting (Exhibit 39.5). Recognize that we've itemized these few
processes as an illustration; in reality, there are dozens and even hundreds
of processes associated with complicated designs.

Once the critical processes are identified, you can predict their perfor-
mance by identifying the parameters that affect them. Again, we identify
only two parameters that affect the caliper-welding process: strength and



Design Scorecards 235

- &
Owerall Component Scorecand
q . Pare Toral Pur Fart Fart Part
Purt Racuirgmeats | Coumt | Opas | DPU | DPWO | BTY 751
W] Cabper Tk V| 2| oocoso 33| 999rw| 549
2| Brake Pad 4 o[ 26| 14wes| romsss wize| | 2ar
31 Robar & 4 ] 4 0680 | 20Ed5 0% T.B0%%: 2.4
4| Prtesa &4 ) b L] aietich 27005 95. 5%, 4,34
B| He 3 i 6| DocoD? 43| mmn| b
B
T
§
%
w0
OUERALL a2 20 100 EARDE | GEDO3. G20 (U Ty 3.1
Finishest P Final Assembly | C6 easn
[ System Subsystan! | Frcis Biakn System i
Prepaeed by 4B Somith
ke AR
L -

EXHIBIT 39.3 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstoolkit.com/download.

surface appearance (Exhibit 39.6). By measuring the performance of these
parameters, we can predict the performance of the caliper-welding process.

Build a scorecard for each critical process using data from capability
studies (see Process Capability, Technique 37), past experience, manufac-
turing data, and estimates from similar processes. You can then use this
data to predict the overall performance of each of the critical processes and
subprocesses.

At a glance, the process scorecard uncovers weak processes and improvement
opportunities.
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EXHIBIT 39.5 (Downloadable)

Copyright () 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstoolkit.com/download.

6. Interpret the Scorecard

You interpret the completed Design Scorecards after you implement your
new solution and you have enough data for a specified period of time. As
you interpret your scorecards, consider the following:

¢ Do your chosen measurements enable you to accurately, precisely, and
reliably evaluate the indicators? (See Measurement Systems Analysis,
Technique 47.)

e Are there any design corrections that can be made to improve per-
formance? (See Robust Design, Technique 38, and Process Capability,
Technique 37.)
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Are performance, component, and process indicators linked in a direct
and complete cause-and-effect way?

Are there any unanticipated business considerations (such as cost and
timing)?

Are there any unanticipated marketplace considerations (such as new
competitive threats or changing customer expectations)?

Are any of your indicators too volatile? (See Control Plan, Tech-
nique 55.)



TECHNIQUE 40

Design Failure Mode and
Effects Analysis

Anticipate what can go wrong with your solution before it does.

esign Failure Mode and Effects
Analysis (DFMEA) is used to anticipate possible failures or problems with
your new solutions before they occur, and to have a plan for what to
do in response. Carmakers, for instance, anticipate what could go wrong
and prevent it when they install mechanisms that don’t allow a driver
to shift from park into drive unless the person’s foot is depressing the
brake.

Use DFMEA during your preliminary, initial, and detail design reviews
to uncover any potential failure modes. Then your first priority is to prevent
these modes by improving the design itself (see Mistake Proofing, Technique
49). If you can’t mistake-proof your solution (as in the foot-on-brake exam-
ple), your next priority is to detect a failure mode before it occurs and prompt
the user to take action. The oil warning light in a vehicle is an example of
this approach.

With DFMEA, you attempt to predict future risks and mitigate or head
them off in advance. Predicting what could fail, and what you will do about
it, could keep you out of firefighting mode and enable you to avoid un-
necessary and costly delays in getting your new solution to market. For
more complex solutions, you may need the help of an expert to apply this
technique.

240
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A Design FMEA focuses on the interface of a new product, service, or solution
with customers. A Process FMEA focuses on the behind-the-scenes steps that
produce the product or enable the service provided. However, both FMEAs
share a common format, approach, and interpretation.

Steps

Scenario: Suppose a company that currently manufactures disposable razors
and shaving lubricants is developing a new product that combines both
shaving and lubricating functions in one. The new design is for a disposable
razor that houses shaving gel in a hollow handle. The gel is automatically
dispensed through a porous pad just below the blades. Since the product is
disposable, the amount of gel in the handle should be matched to the life of
the blades.

In constructing a Design FMEA, the language differs in a few key spots from a
Process FMEA. For example, in a Process FMEA, the first column usually lists
the process step under analysis. The first column of the Design FMEA, however,
is a list of product or service components and the functions they’re supposed to
perform.

1. Complete Administrative Information

Using a DFMEA worksheet (Exhibit 40.1), complete the product/service
name, the name of the team leader who prepared the DFMEA, and when
it was initiated.

2. Identify Items and Functions

In the first column of the DFMEA worksheet, list all the components that
could contribute to a failure mode and the intended function for each one.
For example, one component of our shaving system is the blade, and its
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EXHIBIT 40.1 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.
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desired function is to cut hair. The gel component is designed to provide
lubrication. The porous pad applies gel and controls flow of gel. The hollow
handle provides grip and holds gel. And so on. For this example, well limit
ourselves to the blades and porous pad.

3. Identify Potential Failure Modes, Failure Effects, and Potential Causes

Now ask, “What can go wrong with this component?” The answer is your
failure mode. Then ask, “If this does go wrong, how will it affect customers?”
This is your failure effect. Finally, brainstorm the possible reasons for your
failure mode. These are your potential causes. Keep in mind that one item or
function can have multiple potential failure modes, and each failure mode
can have multiple potential causes.

In the razor example, the blades item has two potential failure modes
shown—too dull and wrong angle, both with the same effects of shaving
discomfort and an un-close shave. Potential causes of these failure modes
are poorly sharpened edges, wear, corrosion, and deformed plastic spaces
that position the blades.

4. Determine Severity and Rate of Occurrence

The severity (SEV) of a failure effect and the rate of occurrence (OCC) of
a potential cause are rated on a 1 to 10 scale, according to Exhibits 40.2
and 40.3.
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EXHIBIT 40.2 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.
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EXHIBIT 40.3 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.

In our example, severity scores range from a moderate 5 to the highest
severity of 10 because the customer could get injured by some failures.
Occurrence ratings range from 3 to 7, predicting that some causes would
occur very infrequently, while others could become a chronic issue.

If you need a more granular or finely tuned approach for your severity and
occurrence ratings, see Potential Failure Mode and Effects Analysis (2001),
available from the Automotive Industry Action Group at AIAG.org.

5. Establish Current Design Controls

Establishing design controls entails examining current design features, com-
ponent specifications, and necessary information to ensure that the potential
cause can be avoided, or at least detected if it occurs. These controls then
become inputs into making a Control Plan (Technique 55). Controls in the
razor example include specifications for incoming parts or materials, mate-
rial selection, and an understanding of the impact of component variation
on performance.

Another area where a Design FMEA differs from a Process FMEA is in the
controls and detection sections. In a Process FMEA, controls are production
controls; in a Design FMEA, controls are design controls.
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Copyright () 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstoolkit.com/download.

6. Determine the Detection Rating for Each Design Control

How likely is it that the control in place will either detect the failure mode
or its cause, or prevent the failure mode or its cause from happening? Rate
this on a scale from 1 to 10 using the guidelines in Exhibit 40.4.

For our razor, some controls are deemed reasonably effective (3), while
others suffer from known materials issues or lack of solid information (7).

7. Determine Risk Priority Number for Each Failure Mode

The Risk Priority Number (RPN) is the pivotal column and set of numbers
on the DFMEA worksheet. To calculate the RPN for each failure mode,
multiply the scores for severity, occurrence, and detection. The higher
the number, the higher the priority should be for design revisions or
corrective actions. You can see in our example which failure modes have
a higher priority of occurring and, therefore, are candidates for immediate
corrective action.

However, even if the RPN is low, but we have a severity rating of 10,
that failure mode must be addressed because the effect would be catastrophic
(like an air-travel accident or death related to surgery).
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A key difference between a Process FMEA and a Design FMEA is in a corrective
action’s impact on failure effect severity. With a Process FMEA, it’s usually not
possible to change the severity of a given failure effect, as improvements are
usually limited to reducing its occurrence or enhancing its detection. This is not
the case with a Design FMEA, where design changes can reduce the severity of
a particular failure mode.

8. Implement Corrective Actions for High Risk Priority Numbers

The next portion of the DFMEA consists of a section for tracking correc-
tive actions, responsible parties, and the results of those actions. When
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corrections have been made, the severity, occurrence, and detection values
are revisited to help judge success. Our example shows several corrective ac-
tions taken (and one underway), and their effects on their respective failure
mode RPNs (Exhibit 40.5).

Note the actions taken to prevent the wrong angle of blades. Imple-
menting a material change for the blade spacers ameliorates this problem,
because the new material has much better dimensional stability, and vari-
ation in blade angle will be much smaller. This changes the severity of the
potential problem from one of possible injury to only discomfort.

When driving design changes from a DFMEA, here are some common
themes:

o If high severity is the problem, first attempt to eliminate the failure mode
altogether. If this is impractical, aim for reducing the severity of the
effect. Some potential activities include changing materials, increas-
ing strength, reducing stresses, incorporating redundancies or back-
ups, and other design changes aimed at making the performance less
sensitive to unforeseen variation. See Robust Design (Technique 38)
for help.

o If high occurrence is the problem, first attempt to eliminate the potential
cause altogether. If this can’t be done, work toward making the cause
less likely to occur. Again, such actions as material changes, redundan-
cies, and spreading out stresses or loads are often successful.

e If high detection ratings are the problem, the corrections should be aimed
at making the design failures easier to perceive, or to fill in the gaps of
required information. Actions like additional testing, changes in testing
procedures, or other studies are the ticket.

Resource

An excellent reference for both Design and Process FMEAs is:

Automotive Industry Action Group. Potential Failure Mode and Effects Analysis.
2001. Available from AIAG.org.
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Discrete Event Simulation

Visualize and test your innovation through computer modeling.

iscrete event simulation (DES) is a
computer-based modeling approach that enables you to simulate processes
with substantially less cost, time, and risk than full-blown models. If you have
an innovation in mind—such as a way for travelers to get through airport
security more quickly—you could use DES to try out your ideas without
physically changing the security layout or shuffling travelers through an
unfamiliar system.

You should use DES when your innovation is particularly process de-
pendent, with many variables that could affect the flow of customers or
products. It does require a significant amount of time to build a detailed and
accurate model, especially for more complex processes. But don’t shy away
from making the effort to learn this powerful technique—you can always
enlist the help of a DES expert.

Not all systems can be modeled with discrete event simulation. Some events are
continuous, such as the rate of evaporation. These occurrences can be modeled,
but they require a different approach. For more information see Theory of
Modeling and Simulation: Integrating Discrete Event and Continuous Complex
Dynamic Systems, second edition, by B. Zeigler, H. Praehofer, and T. G. Kim,
New York: Academic Press, 2000.
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Steps

Scenario: Imagine that you're building the tallest skyscraper in the world
and you need to know how many elevators to include. The plans call for
a building 850 meters high, with 170 floors housing a mix of residential
and commercial areas. To meet these demands, your team estimates that
100 elevators will be required. Hopefully this number can be reduced by
simulating traffic patterns using DES.

1. Choose Software

DES requires the use of a modeling software application. Depending on the
one you choose, you may need some experience with software logic to pro-
gram the model with all the details related to your process. Recommended
simulation software packages include: AutoMod, SigmaFlow, ProcessModel,
Arena, and iGrafx. While some have higher-end features and incorporate
complex logic rules (like AutoMod), others allow you to get started with
DES for a minimal investment (SigmaFlow, iGrafx); these more affordable
applications provide most basic users with everything they need to conduct
valuable simulations.

Discrete event simulation is performed often in the banking and call center
industries—or any industry that processes resources through a system at unpre-
dictable flow rates with a large variation in volume.

2. Develop Process Flow

The success of the simulation depends on your ability to describe the process
in sufficient enough detail to produce realistic results. You can derive this
information from a Process Map or Value Stream Map (Technique 46). Be
sure to include key subprocesses, decision points, and queues (waiting lines).

Discrete event simulation is based on queuing theory, which is the mathematical
study of waiting in lines or queues.
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3. Assign Process Attributes

For each process step, enter the associated attributes—characteristics or
factors that have the potential to affect the process flow or outcome. The
specific attributes you use will depend on your process. To determine the
number of elevators for our skyscraper example, we’ll use the following
process attributes:

® Queue Capacity: An estimated number of passengers for each floor,
varied by time of day and day of the week.

e Cycle Time: The time it takes to complete a specific process step, such
as loading the elevator with passengers.

e Arrival Rate per Floor: Varies by time of day and floor function (a food
court at lunchtime will see more arrival traffic than one of the residential
floors).

¢ Resource Capacity: The number of elevators and the specific floors ser-
viced by each elevator.

Costs and value-add designations can be assigned for each process step. This
enables you to summarize the overall cost and value-added time of the process
during the simulation.

4. Determine Resources and Attributes

Enter the resources and associated attributes. Resources are people or equip-
ment on which the process relies. If the resources are people, attributes might
include work schedules, percentage availability, and specific roles or tasks.
In our skyscraper example, the resources are the elevators, which have the
following attributes:

¢ Capacity: The maximum number of people each elevator can accom-
modate and the weight limit for each elevator.

e Transportation Time: The elevator speed as a function of direction (up
or down) and as a function of distance between stops.

o Measurement Statistics: Attributes that are not assigned a value up front,
but are incremented throughout the simulation to keep track of events
like elevator utilization, availability, downtime, and so on.
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To simulate reality, all models must run through random scenarios many times.
These random distributions are accomplished by a computer algorithm known
as the Monte Carlo method, which tells the computer what random scenario to
generate next.

5. Determine Process Entities and Attributes

Enter the process entities and associated attributes. Entities are the objects
that move through the process—people, parts, raw materials, and so on.
The entity attributes interact with the process and resource attributes and
result in random outcomes during the simulation. For our skyscraper simu-
lation, the entities are the elevator passengers. The attributes we've identified
include:

¢ Elevator call time (the specific time an entity pushes the call button).
e Wait time for the elevator to arrive.

¢ Entity weight.

e Entity pairing/grouping (is the passenger alone, or with others?).

e Departure floor.

e Departure time.

e Arrival floor.

e Arrival time.

Each process has a finite amount of capacity. If this becomes full, new entities
are blocked from entering or proceeding through the process. Understanding
how to optimize the capacity for a particular process is one of the benefits of
discrete event simulation.

6. Run Trial Simulations

The first few times you run the simulation, you'll be validating the model.
Choose how long you want the simulation to run, and pause it any time to
examine how well the model is working. Allow for a warm-up period to fill
the pipeline and reach steady-state.
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During these early runs, look for deficiencies in logic or process settings
that are not realistic. For instance, you might have built an infinite waiting
line for the elevator (this is not actually realistic, although sometimes it
feels like forever before an elevator finally arrives). Or, the elevator may be
processing calls in sequence instead of following a logic algorithm or rule-set
that, for instance, tells the elevator to stop for a passenger on floor 55 on the
way down to floor 50, even though the button for floor 55 was pressed after
the one for floor 50.

[t may take several iterations before you get the model just right, especially if
you’re new to this technique. Don't give up! Once you get the hang of it, you'll
find that discrete event simulation can be an invaluable approach.

7. Run Actual Simulations

When you have a valid model in place, run as many simulations as needed,
varying both the process and entity attributes to see how they affect the
model. Some software allows you to watch the process in action during
the simulation, although this will slow it down. Or you can let it run and
track the resulting data both during and after the simulation. Either way,
the longer you run the simulation, the larger the sample size will be and the
closer to reality your results will come.

During the skyscraper simulation, we changed a few of the elevators to
a double-deck style, with two elevators linked one on top of the other. We
also sped up the single-deck elevators. These changes reduced the number of
elevators to 56, a significant reduction over the initial estimate (Exhibit 41.1).

You can use Design of Experiments (Technique 50) to help you determine
specific attribute combinations you should test during the simulation. Design
of Experiments allows you to identify interactions caused by changing two or
more variables simultaneously.

8. Verify Results

After the simulation, you should further validate your findings using piloting
(see Technique 44) or prototyping (see Technique 43).
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The advantages of discrete event simulation are speed, flexibility, and cost.
However, poor modeling or failure to verify your findings in the real world
can lead to processes that are unexpectedly impacted by small fluctuations in
demand or resources.

Resources

For more information about DES, see:

Banks, J., J. Carson, B. Nelson, and D. Nicol. Discrete Event System Simulation
4th ed. Upper Saddle River, NJ: Prentice Hall, 2004.

SigmaFlow’s Simulator Process Analyzer software (www.sigmaflow.com).
This is an affordable way to conduct discrete event simulations. For a 14-day
trial, go to the web site and select VSM/Simulator on the Contact Us page.
To extend the typical 14-day trial to three months, use license ID 23392 and
password vsms3-65095.



TECHNIQUE 42

Rapid Prototyping

Make a fast 3D model of your solution to explore its viability.

apid prototyping is a design and
communication technique that quickly (in less than a few days) creates
a three-dimensional model of a new innovation or product design. When
NASCAR race teams have to make fast design changes, they use rapid proto-
typing to identify potential production pitfalls. The University of Tennessee
Anthropological Research facility uses rapid prototyping to recreate skeletal
remains for forensic reconstruction.

The value of rapid prototyping comes in when you need to dramatically
reduce the time and expense involved in making a model of your innova-
tion so it can be assessed and optimized by designers and manufacturing
engineers before it goes into production. As well, rapid prototypes are also
used by marketing and sales professionals to test and anticipate customer
reaction.

Gaining from this technique requires skill with computer aided de-
sign (CAD) software, as well as the availability of a rapid prototyp-
ing machine (Exhibit 42.1). Therefore, you may need the help of some-
one who is versed and knowledgeable in this arena and its associated
technologies.

Rapid prototyping is about creating a better, faster, less expensive and more
precise mousetrap—one that is built from the bottom (or concept) up to the
finished product, ready for manufacture. The faster and more accurately you
make your prototype, the faster you can get it to market and sell it.

255
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EXHIBIT 42.1 3D Systems’ Viper Pro SLA. System builds accurate and durable parts
quickly through an additive manufacturing process.

Background

There are three main ways to create a rapid prototype. Formative techniques
use machines to make raw materials into the desired shape. Subtractive
processes start with a large solid, then remove material to make the shape
desired. Additive processes rely on layering material over and over until the
part or product reaches its final position and shape.

While there are many choices and options for engaging in rapid proto-
typing, we'll cover the basic steps involved in stereolithography—an additive
technique by which plastic models are built thin layer upon thin layer, re-
sulting in a three-dimensional prototype created by a machine with very
little human involvement.
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Some Advantages of Rapid Prototyping

e Don’t have to machine, mold, or cast a prototype.

e Shortens prototype construction time and improves product design.
e Uncovers expensive mistakes before producing millions.

e Requires fewer steps than traditional part creation.

e Doesn't require human input, except some data entry.

In addition to stereolithography, other rapid prototyping techniques include:
free-form fabrication, auto fabrication, digital fabrication, used deposition mod-
eling, 3D printing, selective laser sintering, powder-binder printing, layer-based
manufacturing, and solid imaging.

Steps

Scenario: Let's say a company is developing a new product that can
play all handheld game brands and associated games on one simple
device—stretching our minds to assume the owners of this new product
have hurdled all the associated patent, legal, and technology barriers. The
company assembles the Cool Case team to design a case for the new universal
game platform—the outer shell that houses its components.

To begin, the Cool Case team has a few dimensions in mind: height,
width, depth, lightweight, big screen, the needed control buttons, and so
on. Note that any team ready for prototyping has already determined the
expectations of the customer, as well as the functional requirements of the
product and many or most of its design parameters (see Axiomatic Design,
Technique 31, for more details).

At the outset of rapid prototyping, ask yourself how soon you need the prototype.
Also ask how finished it needs to be. Is a fairly raw form sufficient, or does it
have to be polished and smooth for a presentation? These questions guide the
level of detail you need and the process involved in building your prototype.
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1. Input Computer Aided Design Data

Using computer aided design (CAD) for rapid prototyping involves entering
dimension-related data into the system, which then creates an electronic
model based on that data. The key at this step is to ensure you have the
correct data according to your design specifications, and that your data
doesn’t violate any rules of geometry that are embedded in CAD. If these rules
aren’t followed, files will be defective and possibly unusable—so, needless to
say, CAD and geometry skills are very helpful at this stage.

The Cool Case team enters all its dimension data—the height, width,
and length of the handheld case; all the inner and outer diameters of
each hole where the playing buttons will protrude; the angle of the spher-
ically shaped case; and several other design parameters. Having done
this, assuming no geometry rules are violated, CAD will generate a three-
dimensional image of the prototype on the screen. Of course with CAD, you
can turn and rotate the screen image to perform a visual inspection of its
integrity.

2. Export Data into Stereolithography Files

The stereolithography (STL) process requires that you export your CAD file
into an STL file. In turn this file directs the stereolithography machine to
build your prototype. If you aren’t using stereolithography, you will have to
convert your CAD data into another type of file format, depending on the
process used.

3. Select Material and Specify Process

Different rapid prototyping machines use different materials within a limited
range. Some examples of materials are: thermoplastic resins, polycarbonate,
wax, powdered materials, plastics, and metals. Depending on the materials
chosen and type of machine involved, you'll also have to perform other set-up
steps that shouldn’t require much time.

Generally speaking, the stereolithography process works by building
the prototype, layer by layer, using a laser beam that solidifies each slice of
the model until it is complete. As the model is created, multiple horizontal
slices are stacked on top of each other until the model is complete. Most
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stereolithography machines take specifications for layer thickness within
the range of 0.0005 to 0.02 inches.

The thicker your stereolithography layers are the less accurate your proto-
type will be, and the less time it will take to build. Thinner layers create a
smoother, more accurate model, but it takes a longer time to complete the
process.

Also at this stage, you want to determine how many prototypes you
want to build at one time—or during one run cycle of the stereolithography
machine. Basically you are limited by the size of your prototype and the area
in which the stereolithography machine has to work. If the area is 36 in. x
36 in. x 36 in., that designates your working areas.

We should mention, too, that you can build different parts or proto-
types during the same machine run. Such variety can be programmed into
the machine, and the operator can set the machine up for such varied out-
put. As long as your job doesn’t exceed the working space limits and STL
file-size limits, you can run as many parts with as many designs as you
want.

4. Create Rapid Prototype

This is when all of your initial data, prep work, and STL files merge to
create your rapid prototype. The human involvement is over, and the rapid
prototyping machine builds the prototype in layers—a process that can take
from 10 minutes to several hours or more. Exhibit 42.1 is a stereolithography
machine made by 3D Systems Corporation.

The Cool Case team decides to build 14 plastic prototypes of the
game case—enough for the upcoming core design team meeting (eight
people)—plus four more that are needed at another location for a customer
focus group session, plus two for the chief designer on the project.

5. Clean and Finish the Prototype

Depending on which method of rapid prototyping is chosen, all prototypes
require some type of cleaning. Some parts might need to be taken off their
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frames, and others might require dusting. Some parts require curing in an
oven. Parts must then be finished by rubbing off jagged or rough edges.

Resource

Grimm, T. User’s Guide to Rapid Prototyping. Dearborn, MI: Society of Manufactur-
ing Engineers, 2004.



PART IV

DEMONSTRATE THE
INNOVATION

ven great designs or solutions can
be thwarted by poor implementation. Most organizations know this, but
they still struggle to get their solutions over the last hurdles before commer-
cialization. Can your processes make your new product or service easily and
cost-effectively? Can you deliver your new product or service to customers
consistently with no errors? Will your new business model actually work in
the real world?

This final phase of innovation is when you create, test, and implement
your new solution. First you build a working model of your new solution
using the Prototyping or Piloting techniques. Just because a design is sound
on paper, or sound as a preliminary model, doesn’t mean it will perform as
expected under all working circumstances at all times. Information gathered
from the working model is used to improve or optimize your solution.

When your working model proves ready, it’s time to map the processes
involved in making and delivering it—a formidable task for which you can
use the STPOC Map and Process Map/Value Stream Map techniques.

After processes are documented, they have to become as fast, efficient,
and flawless as possible. This means you optimize the processes that generate
all the value for your new solution. Several techniques will help you do this,
but you should start with Measurement Systems Analysis, because it ensures
the validity of any data you use in optimization studies (see the Design of
Experiments, and Conjoint Analysis techniques). Then use Work Cell Design
and Mistake Proofing to optimize the layout of people, machines, materials,
and other factors in an office or factory.
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With an optimized innovation ready for the market, it's time to im-
prove and transition the project to its owners for ongoing operation. Use
the Process Behavior Charts and Control Plan techniques during and after
this transition. Also use the Cause & Effect Diagram and Cause & Effect
Matrix to diagnose, solve, or at least mitigate any implementation problems
encountered.
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Prototyping

Build a fully functioning model of your new product to test and perfect it.

rototyping is building an initial phys-
ical, functioning model of your innovation. As such, it helps you verify the
design of the super-system—say, a bicycle—as well as the interoperability of
the subsystems—the drive train, gears, brakes, tires, and so on. A prototype
also tests the robustness of your design and its sensitivity to uncontrollable
factors. Additionally, prototyping helps you verify that the required resources
and processes are available to support full-scale production or delivery of
your innovation.

Prototyping is typically leveraged by product or component manufac-
turers who need to prove a new design concept, or when the design is
particularly complex or expensive to produce. By working out any issues
before the design goes into full production, prototyping helps prevent re-
work and the costs associated with tweaking functions when the product
doesn’t work in the real world the way it was designed on paper.

If you've never done prototyping before, you can benefit by working
with someone who has. For the most part, though, expertise on the product’s
specific design requirements is the main prerequisite.

Rapid prototyping (see Technique 42) is often used as a precursor to prototyping.
A rapid prototype is usually made of plastic and is not meant to be structurally
sound. A prototype, on the other hand, should resemble the finished product,
in materials and functionality, as much as possible.
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Steps

Scenario: Imagine an airplane that mimics the silent flight characteristics of
owls to reduce aircraft noise. The design features a retractable, brush-like
fringe on the plane’s wings that breaks up air flow to lessen sound waves. The
feasibility of this design could be verified by building a series of prototypes.

Geoffrey Lilley, a professor emeritus at the University of Southampton in
England, has pioneered research related to the silent flight of owls and the
potential applications in aeronautics. It seems the fringe on an owl’s trailing
feathers enables significant noise reduction during flight. In addition, a coat-
ing of down-like feathers on the owl’s wings and legs absorbs sound. Similar
features may someday be incorporated into airplanes to dampen sound.

1. Design Prototype Evaluation

Prototyping is an iterative process—you’ll likely need to build more than
one full-scale, working model in order to thoroughly evaluate your design.
Thus, when designing a prototype, you'll need to determine the purpose of
the prototype evaluation, as well as what changes to the product design will
be needed to meet this objective. You'll also need to determine how you will
measure the design’s performance relative to the specific evaluation; often
this is done by adding instruments to the prototype that measure the design’s
response to test variables.

For example, our first retractable fringe prototype could measure the
device’s functionality, as well as our ability to build the device itself. Our
second prototype could be a modified wing assembly with the fringe device
attached, which would determine if the fringe device works well with other
subsystems in the wing (e.g., flaps, spoilers, ailerons). Our third prototype
could be a set of modified wings on an airplane. At this level, we would
measure the fringe’s effect on noise and the amount of drag it adds during
flight. We would also determine if the new design affects other systems, such
as the landing gear or control system.

Along the way, we would test for noise sensitivity—how the design reacts
to changing environmental conditions or customer use/abuse. We may use
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one of the prototypes as a proof of concept to secure funding. We may also
demonstrate it to customers.

Some innovations are so new that customers don’t “get it” until they see it. The
microwave oven and the sliding door on minivans were such inventions; both
used prototypes to bring the idea home.

2. Build a Prototype

Once you've determined what you need to evaluate with a particular proto-
type, build the prototype using production equipment and staff as much as
possible. This enables you to validate several key items:

o Manufacturing and Assembly Processes: Do you have the right materials,
equipment, and tools to produce the new design? Is the design easy to
assemble and repair? What is the defect rate?

e Human Capital Readiness: Are employees properly trained and staffed
to meet the requirements of the new design? Does the design introduce
any safety concerns?

e Production Tooling Issues: Do you need any special tools to assemble
or manufacture the design? Does assembly require any jigs or fixtures
(functional aids) that make assembly possible?

Prototypes often progress from a high-level design to more detailed iterations
to allow the team to work out issues with production tooling, fixtures, and
processes.

3. Evaluate the Prototype Using a Function Audit

After the prototype is built, the next step is to evaluate your design us-
ing a function audit. A function audit (Exhibit 43.1) is similar to going
to the doctor for a stress test, only in this case, the product is the pa-
tient and you're the physician measuring the design’s response to both
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= b
Function Audit
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EXHIBIT 43.1 (Downloadable). This is a partial Function Audit for the wing fringe
prototype.

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.
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controllable and uncontrollable factors. To do this, you'll need to determine
the following:

e The subsystems you want to test (based on your particular objectives
for the prototype).

e The functions each subsystem provides, both to the super-system and
to other subsystems.

¢ The target and specification desired for each function, and how you will
measure compliance. Typically, measurements are done by specially
designed measurement devices that are integrated into the prototype
design at critical interfaces.

4. Evaluate the Prototype for Robustness

In addition to evaluating functionality, both at the subsystem and super-
system levels, a prototype should help you test the design for robustness. In
other words, how well does the product perform under varying conditions,
such as changing environmental conditions or customer use and abuse? If
you leveraged robust design principles (see Technique 38) during the design
process, and if you have been thorough in your prototype testing thus far,
you should encounter few issues at this stage.

In our example, we would make sure to test the wing fringe concept
at varying altitudes, in high and low humidity/temperatures, and in various
weather conditions (snow, rain, wind, etc.).

5. Consider Additional Evaluations

In many cases, you'll need to evaluate the prototype for availability, main-
tainability, environmental impact, and reliability. For example, if we wanted
to know how well our wing fringe design functions over a long period of
time (reliability), we could use a Highly Accelerated Life Testing (HALT)
device to activate and retract the wing fringe continuously until it fails. An-
other option would be Highly Accelerated Stress Screening (HASS) testing,
which subjects the prototype to worse conditions than the product is likely to
undergo—for example, exposing the fringe to extremely high temperatures,
compression, or tensile stress (to simulate wind).
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6. Repeat the Prototype Process

It’s unlikely that you'll test everything with a single prototype. Therefore, be
sure that your schedule and budget allow for repeating steps 1 through 5
based on varying objectives. Also, remember that your innovation may still
need to undergo a pilot or finished product testing, both of which are more
focused on real-world system performance.
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Piloting

Build a fully functioning model of your new service to test and perfect it.

iloting is the practice of guiding your
innovative offering through real, yet controlled conditions to test perfor-
mance, safety, quality, durability, and marketability. Restaurant chains, for
example, sometimes make a new food or beverage available in a test market
before expanding the item to all locations. Banks run pilots before offering
new services or opening new branches.

Prior to full scale production or delivery, a pilot demonstrates to stake-
holders and customers how your innovation addresses both provider and
customer expectations. In addition, feedback at this stage helps you hone
your offering, increasing its value quotient (see Technique 3) and bringing
you closer to achieving the ideal innovation.

Prototyping is typically the precursor to a product pilot, while discrete event
simulation (Technique 41) can be conducted before or instead of a service pilot.

Steps

Scenario: A highly renowned culinary school wants to appeal to future chefs
who might not be able to afford going to school full time for two years. It
develops a hybrid course that features online instruction for the first and
third semesters, with hands-on semesters at the school in between. Prior to
launch, the school runs a pilot to work out the kinks in their V-Chef course,
and to gather initial customer feedback.

269



270 DEMONSTRATE THE INNOVATION

1. Plan the Pilot

Using a pilot charter, like the one shown in Exhibit 44.1, develop and doc-
ument the objectives, metrics, scheduling, and cost estimates for the pilot.
Time spent here will help you achieve your objectives rather than having to
compensate for poor planning during the pilot run. Your planning session
should answer the following questions:

e What are the objectives of the pilot? What features or functions of the
innovation need to be validated?

¢ How will you measure product or service performance? What metrics
will you monitor?

¢ Who are the customers for this product/service, and how will you in-
volve them in the pilot?

e How much will the pilot cost, and how does that compare to the cost of
launching an innovation that flops?

e Is there data available from a previous pilot that would be helpful for
this pilot?

¢ Are there any piloting mistakes your organization made in the past? If
so, how can you avoid the same pitfalls during this pilot?

Referring to our V-Chef example, the objective is to assess the online
course and its ability to successfully convey culinary concepts to the students.
The team will track two key metrics: course completion rate and level of skill
at graduation. As an incentive to participate, pilot students will be offered a
substantial discount on the course.

Before designing the pilot, make sure your team agrees on what constitutes a
successful (and an unsuccessful) pilot.

2. Design the Pilot

Determine and document all the logistical and technical details that are
needed to make the pilot a reality. For example:

e What should the pilot environment look like? What is the set-up?
e Where will the pilot be held?
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Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.
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e How long should the pilot run?
¢ Will you need multiple pilots? With the same or different participants?

e Where will you find participants? How will you request their assistance?
How will they be compensated?

¢ How will you collect data? How will you quantify participant responses?

¢ In the event something goes wrong, what is the backup plan? If changes
are needed during the pilot, how will they be implemented?

The V-Chef team must work out several issues, including how to locate
qualified students and how technical support will be provided during the
pilot. In addition, the team realizes that one of the metrics it chose (level of
skill at graduation) will make the pilot extremely long (an entire two-year
program). So, it opts to replace this metric with one that can be measured
earlier (percent of passing grades on first semester exams).

Of course, you expect some things to go wrong during the pilot—otherwise you
wouldn’t need a pilot. But you should have a backup for critical resources who,
were they unavailable, would keep you from running the pilot as planned.

3. Designate Resources

Identify and schedule resources—people who will run and monitor the pilot,
plus customers or other participants. Resources also include physical equip-
ment, rooms, and other enabling tools. When reviewing your resource list,
consider the following:

e What is the role of each participant, both employees and customers?

¢ Are the selected personnel equipped to perform their respective roles?
If not, what training is needed to close the gap?

e Which performance metric will be tracked by which resource?

e Have you established a clear communication strategy for participants
and other stakeholders?

e Have you addressed all remaining questions, especially safety issues?
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The resources involved in the V-Chef example include the pilot team,
the technical support team, and the students, as well as the infrastructure
for the online course.

The U.S. government recently piloted the “Registered Traveler” program with
10,000 frequent travelers. In exchange for filling out detailed background
checks, participants receive a card that allows them to go through expedited
airport security checkpoints.

4. Run the Pilot

Running the pilot brings all your planning and preparation together. Dur-
ing the live pilot, people are actively involved, and data is collected and
communicated as needed. Be sure to consider the following:

e Have enough people on hand to answer questions.

¢ Monitor your data collection points periodically to ensure everything is
working as planned.

e Make sure that participants know their feedback is valued—even if it’s
not what you expected or you don’t like what they have to say.

e If the pilot lasts more than one day, keep communication lines open
with participants, resources, and stakeholders.

During the V-Chef pilot, all technical issues are reviewed by the team
on a weekly basis, and adjustments are made as necessary. At the end of
the first semester, the pilot students complete an online exam designed to
test their knowledge. Only students with a passing grade are invited to at-
tend the second semester. In addition, all students complete a questionnaire
and an interview regarding their experience with the online portion of the
course.

5. Analyze the Results

After the pilot, take time to correlate and analyze the data you collected.
Depending on the complexity of the pilot data, you may need to conduct
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statistical analysis to determine what changes, if any, need to be made to the
product or service. Discuss the results with the team and determine:

e What aspects of the product or service do you need to modify for it to
better meet customer expectations?

¢ What additional opportunities for improving the offering did you un-
cover?

¢ Did the pilot achieve its objectives, or do you need to run another pilot?

The V-Chef pilot demonstrates that the hybrid course is a viable option
for the school. However, the amount of technical support required for the
online course far exceeds the team’s expectations. Since many of the issues
are platform-related, the school decides to delay commercial launch of the
hybrid course until it can find a more reliable vendor.

After making changes to your offering, schedule another pilot to make sure the
changes work as planned and don’t introduce any unacceptable side effects.




TECHNIQUE 45

SIPOC Map

Identify the key inputs and outputs of your processes.

IPOC (Supplier, Input, Process,
Output, Customer) is a high-level map of a process that helps springboard
the transition of a developed solution into production or delivery. For exam-
ple, one pharmaceutical design team made a SIPOC Map to demonstrate the
process involved in developing a new drug for reducing the risk of diabetes.
Another health care provider leveraged a SIPOC Map when introducing an
integrated hardware/software system for allowing patients access to their
medical records over the Internet.

Use a SIPOC Map when you need a shared understanding of how you
plan to produce and deliver your innovation to customers. This is your first
order of definition, to be followed by more detail using a Process Map or
Value Stream Map (see Technique 46).

Steps

Scenario: With the nation on the verge of an obesity crisis at all age lev-
els, market research concludes that there would be serious demand for a
drug that integrates with diabetic diets and associated exercise programs.
A pharmaceutical design team developed a promising chemical compound
to meet this need, and used a SIPOC Map to design a new drug develop-
ment process that would ensure a smooth path for bringing the drug to
market.
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1. Create a High-Level Map of the Process

The P in SIPOC designates the process—the set of activities or tasks that
transform inputs into outputs. To begin, identify the first and last tasks
in the process, where it starts and stops. Specifying these steps helps to
scope the project and clarify boundaries between the organization and its
suppliers and customers. Next, identify the sequential steps between the
first and last steps. Specify an action and an object in each box.

Be sure to define the process in general terms, listing just the high-level
steps. For our example, these steps are:

1. Conduct preclinical testing.

2. File an investigation for a new drug with the Food and Drug Adminis-
tration (FDA).

3. Complete clinical trials (Phases I, II, III).
4. File a new drug application (NDA) with the FDA.
5. Secure FDA approval for NDA.

It’s extremely important to keep the development of the SIPOC Map
high-level. If team members want to talk in depth about a particular step, the
facilitator should focus on the big picture instead.

Sometimes, it can be helpful to do a fun or simple SIPOC example first (such
as ordering and delivering a pizza) to warm the team up and demonstrate the
level of discussion required to complete the SIPOC Map.

2. ldentify the Outputs of the Process

The O in SIPOC designates the final output, or the final product, service,
or information provided to the customer. For our example, the pharma-
ceutical team identified the following outputs associated with its new drug
development process:

e New drug.

¢ New drug information.
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EXHIBIT 45.1

e An approved new drug application (NDA).
¢ New drug specifications.

There may be more than one output to a process, and sometimes outputs
have secondary value for internal customers or regulators. Having a common
and consistent definition of outputs allows everyone to set their sights on
what the process produces and for whom—again, at a macro level.

As you build your SIPOC Map, you can use the “cheat sheet” shown in Exhibit
45.1 to guide your answers.

3. ldentify the Customers of the Outputs

The C in SIPOC designates the customer, or the person, group, or process
receiving the output(s). The pharmaceutical team documented these rela-
tionships as direct links:

¢ New drug — Patients

¢ New drug information — Physicians

e Approved NDA — FDA

e New drug specifications — Manufacturing group
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While the pharmaceutical team identified one customer per output,
there can be multiple customers and outputs in a SIPOC Map. For exam-
ple, when a pizza is delivered the customer gets both the product and the
bill—two different outputs for the same customer. But sometimes different
outputs go to different customers. A car dealer repairs your car, which is
under warranty. The repaired car goes back to you, the customer, and the
invoice goes to the car manufacturer, which is also a customer.

4. ldentify the Inputs Required by the Process

The I in STPOC designates the key inputs—materials, information, or prod-
ucts that are essential to the process. The Inputs for our pharmaceutical
process are:

¢ Chemical compounds.

Diabetes knowledge.

Drug research data.

Trial patients.

FDA regulations.

Inputs may take on different roles in the process. Some act as key in-
gredients and are consumed in the transformation; in the drug-development
process, chemical compounds are such ingredients. Other inputs are used
to enable the operation of the process; in our example, we might designate
physicians and policies as such inputs, but we didn’t list them on our example
SIPOC Map (Exhibit 45.2).

5. Identify the Suppliers of the Inputs to the Process

The S in SIPOC designates the suppliers, or the individual, group, or de-
partment that provides the input(s). There is a direct link between a specific
Supplier and the specific Input, such as in our example:

¢ Chemical lab — Chemical compounds
e Medical community — Diabetes knowledge

¢ R&D team — Drug research data
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Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/download.

e Community at large — Trial patients
e FDA — FDA regulations

Exhibit 45.2 shows a completed SIPOC Map for the new drug develop-
ment process.



TECHNIQUE 46

Process Map/Value
Stream Map

Flesh out the details of your process.

rocess Maps are basic flowcharts that
depict the progression of steps, decisions, and handoffs involved in transi-
tioning a new product or service from paper (its design) into production/
delivery to customers. Value Stream Maps do this, too, but they add a level
of sophistication related to time and the identification of value-added versus
non-value-added activity (waste identification).

For instance, designing inflatable movie screens that can float in pools
is one thing, but making them is another. It’s the same with transactional
processes like those in banking and insurance: there’s no substitute for a
robust, well-documented, and efficient process that all can see and follow.

Process and Value Stream Maps can be used in one of two ways: to doc-
ument the as-is process the way it currently runs, or to document the future
state of the process if it hasn’t been developed, tested, and implemented.
Obviously in the context of innovation, these maps are used to develop the
future state. While you can apply them without the help of an expert or fa-
cilitator, it’s best to enlist one, especially when building Value Stream Maps.

Using a Process or Value Stream Map to document how work will be
accomplished—how process inputs are transformed into process outputs—
creates needed consensus and positions the organization to implement an in-
novation as planned, with quality and reliability. No mishaps, defects, or costly
mistakes.
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Background

Everything an organization does for customers, with suppliers, and behind
the scenes should be done according to an established, measurable process.
When it comes to innovation, this process shows how you will produce your
new product or deliver your new service. What work needs to be done? How
will it be accomplished? Who will be responsible for each of the process
steps, and in what sequence will all the detailed tasks be performed?
Typically, when building future-state maps, you have an existing pro-
cess that’s well documented—so the job is to improve or innovate what you
already do. But you may not have any process at all to make or deliver your
new innovation, so you have to start from scratch. Or you might have an
existing process that you can adjust to accommodate your innovation.

There are numerous ways to draw Process and Value Stream Maps, and numer-
ous symbols used for depicting various activities and actions. But it is best to
develop your own approach that works for you and your organization, and not
get too hung up on whether you are using the “correct” method and symbols.

To make value stream mapping as smooth as possible, have your team
prep itself by reading up on the basic principles of Lean—an approach that
increases the speed, efficiency, and value of operations while reducing waste
in both product and service environments.

First articulated in The Machine That Changed the World (New York:
Harper Perennial, 1999) authors James Womack and Daniel Jones distilled
Lean into five principles in their follow-on work, Lean Thinking:

1. Specify the value desired by the customer.

2. Identify the value stream for each product, service, or solution—and
eliminate, consolidate, or streamline all steps that are wasteful or in-
clude waste (non-value-added activity).

3. Make the product flow continuously through only value-added steps.
4. Introduce pull between all steps to enable continuous flow.

5. Strive for perfection so the number of steps, time, and information re-
quired to operate the process continually drops, while quality levels are
maintained or improved.
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Steps—Future-State Process Map

Scenario: Imagine a corporation has developed a new product called a gutter
slapper, a device that moves from end to end inside a gutter sweeping away
leaves and debris. To produce this device, you must control the flow of
information and material through a process—as seamlessly, efficiently, and
flawlessly as possible.

A good future-state mapping team is comprised of people who will actually
perform the work later, a good facilitator or team leader, the person who is
in charge of the process (process owner), and any others as needed, such as
scientists, engineers, subject-matter experts, suppliers, regulators, or customers.

1. Define the Map Boundaries

The first step in building a Process Map is to identify the scope of the
map—its starting and ending point. As you do this, keep in mind that you
can’t eat an elephant in one bite, so begin with a manageable portion. For
the gutter slapper, we begin at order entry and end at invoicing.

If you've already developed a STPOC Map (Technique 45), this will give
you the starting and ending points for your process—and the main steps in
between. You can always go back and add or subtract scope to your Process
Map after you determine more about what will be involved in bringing your
innovation to market.

Give yourself plenty of space to draw your Process Map, using a long stretch of
wall. Many facilitators line the wall with a 36-inch roll of butcher block paper
or brown paper.

2. Map the Future-State Process

To map a process, keep asking: What will happen next? Who will perform
this step or action? Write this information on note cards or Post-it Notes and
tape it to the working surface on the wall.

As you go along, create swim lanes as necessary. These depict all
the steps performed by certain individuals, teams, or departments, and
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they show when handoffs are made from one person or group to another
(Exhibit 46.1).

There are several standard symbols used when mapping a process, all
of which are available in software applications such as Microsoft Visio and
iGrafx. For our example, we only show you two of the most important
symbols—a box that depicts a step in the process that always flows into
the next step, and a diamond shape, which depicts a yes/no question.

After an eight-hour session, the gutter slapper team decides how its
future order-entry process should look (Exhibit 46.1).

3. Finalize the Future-State Process Map

As a final step, add any information to your map that might further illuminate
the process. Some people add the element of time across the top of the map
to show how long steps take. You can also attach documents or forms to
certain steps; doing so provides details that aide in the further development,
testing, implementation, measurement, and monitoring of the process.

In addition, you may want to identify areas where you anticipate possi-
ble problems, such as bottlenecks, service errors, poor productivity, defects,
shift imbalances, changeover snags, and excessive handoffs. Doing this gives
you a basis for making anticipated process improvements and ensures that
your innovation has the best chance of success as you bring it to market.
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Steps—Future-State Value Stream Map

The steps involved in value stream mapping are much the same as they are
for process mapping. But since value stream mapping is more complex, you
may want to have a Lean consultant present, or at least read up on value
stream mapping.

With any new innovation that doesn’t simply plug into an existing
process, the intent is to design a superior process from the outset. And a
superior process is one in which value-added time is maximized while non-
value-added time is minimized. The definition of value-added time is that
for which customers are willing to pay because it directly relates to what
they are buying.

For example, the step of reviewing order for errors is an internal activity
that doesn’t directly concern the customer. While the customer doesn’t want
any errors related to his order, he’s not thrilled about paying for this activity
because he’d rather the company not commit any errors in the first place.
On the other hand, the customer is willing to pay for the ship order step.
Therefore, checking for errors is non-value-added, while shipping a product
to a customer is value-added.

We'll give you the steps for completing a future-state Value Stream Map,
using part of the order-to-invoice process as an example (Exhibit 46.2). The
steps and figure are reprinted with permission from The Complete Idiot’s
Guide to Lean Six Sigma, by Breakthrough Management Group, New York:
Alpha (2007):

1. Place each of the planned process steps in order from first to last in the
center of the document.

2. Place the substeps under the major steps in a vertical stack.
3. Label each process step with who will do it.
4. Indicate any rework loops by drawing lines back to any place in the pro-

cess where work must return based on inspection or any other decision
criteria.

5. Identify any supplier or recipient of information or material from the
process, and draw a separate icon to represent each one.

6. Draw a line in the direction of the material or process flow from or
to the outside entity with an arrow. Use icons to help clarify in what
format the information is moving (e.g., use an envelope to indicate it is
mailed, and an envelope with an E in the middle to indicate it’s e-mail).
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Source: Breakthrough Management Group, The Complete Idiot’s Guide to Lean Sx Sgma, New York: Alpha, 2007.
Reprinted with permission.

7. Insert arrow in between each major step indicating process flow (left to
right generally).

8. Insert any anticipated queues in between the steps and use the queue
symbol.

9. Collect basic data around how long it will take to complete the major
steps or substeps. Fill in any times or piece-count information in the
relevant steps (e.g., 10 orders/hour). Write the estimated process cycle
times on the bottom of the baseline chart. (Cycle time is how long a
step spends on one unit, not including how long the unit is in a queue

waiting for work to be performed.)
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10. Measure any inventory wait expected at any step. Insert the inventory
icon with the estimated average piece count above it. (Piece count is the
number of separate items to be shipped.)

11. Forecast the wait times for any of the steps and insert on the baseline
chart.

12. Calculate the total queue times and the total time for the process, and
display this in a time line at the bottom of the chart. This distinctive
time line is found on all Value Stream Maps, and at a glance it shows
how much of the total elapsed time (lead time) is value-added.

Resources

Good reading for value stream mapping is:

Rother, M., J. Shook, J. Womack, and D. Jones. Learning to See: Value Stream
Mapping to Add Value and Eliminate MUDA. Cambridge, MA: Lean Enter-
prise Institute, 1999.

For a general background in Lean, see:

Womack, J., and D. Jones. Lean Thinking. New York: Free Press, 2003.
Womack, J., and D. Jones. The Machine That Changed the World. New York:

Harper Perennial, 1991.
For a summary and description of Value Stream Map symbols, visit:

Strategos (www.strategosinc.com/value-stream-mapping-3.htm).

Several software applications aid in the creation of Process Maps and Value
Stream Maps. Three we recommend are:

iGrafx.

Microsoft Visio.

SigmaFlow.
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Measurement Systems Analysis

Make sure you know your measurements are valid.

easurement Systems Analysis
(MSA) assesses your ability to accurately and precisely measure your in-
novative solution. For instance, if you're designing a device that detects the
presence of airborne biohazards, you need to be sure that the device performs
accurately and consistently over time. An MSA would help you identify and
reduce variation both in the manufacturing process and in the device itself.
Even when it’s not a life-or-death situation, variation leads to customer
dissatisfaction and the inability to reliably meet performance and percep-
tion expectations (see Technique 30). As you near the completion of your
innovative solution design, you can use MSA to identify and correct mea-
surement system error, resulting in a higher quality, more reliable design.
To be successful with MSA, you will need some experience with statistics.

Background

Measurement Systems Analysis starts with translating customer and pro-
cess requirements into metrics (measurable outcomes). These metrics can
be based on subjective qualitative data (taste, appearance, etc.), or objec-
tive quantitative data (e.g., seconds, number of defects). The type of data
determines the type of MSA:

o An Attribute MSA evaluates qualitative data for accuracy (the percentage
of agreement with a known standard), and precision (how often the
people or systems taking measurements agree with themselves and each
other).

287
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e A Variable MSA evaluates quantitative data for accuracy, precision, and
stability (the consistency of the measurement system over time).

Accuracy compares measurements to a known standard. Quantitative
measurements frequently have an international standard that is considered the
truth. Qualitative measurements, however, require a strong operational defini-
tion of the standard based on customer expectations.

Precision tracks the amount of variation when the same item is measured
multiple times. It's typically measured relative to repeatability (same person,
differing results) and reproducibility (multiple people, different results).

Steps—Attribute MSA

Scenario: Motivated Helpers International (MHI) is a start-up company that
wants to break into the virtual personal assistant market. As such, MHI
needs to hire many new employees, all with similar skills. Applicant resumes
must be reviewed quickly by several different appraisers to determine if
a face-to-face interview is in order. An Attribute MSA determines: (a) if
MHTI’s appraisers are consistent when reviewing the same resume more than
once, (b) how each appraiser’s reviews compare to the others, and (c) if the
appraisers agree with the standards that MHI's human resources department
has established for new employees.

1. Review Current Measurement Systems

At the outset of every MSA, make sure you understand the current measure-
ment system. Answering these key questions can help:

e How and where is measurement data initially collected?

¢ Who conducts the measurement or observation? Who are the apprais-
ers?

e What is the root source of the data (e.g., customer complaints, inspec-
tors, derived from other metrics)?

e Is the measurement altered through calculations, filters, or sampling?

e Can you verify the correctness of the measurement calculations?
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An Attribute MSA is not limited to binary (pass/fail) decisions. The same method
can be used to evaluate responses that have multiple categories (e.g., emergency
room triage codes or help desk severity levels).

2. Establish Operational Definitions

Develop an operational definition that provides a clear and standard expla-
nation of each metric and how it should be measured. Be sure to include:

e What is the standard for acceptance? Is it well-defined?

e Are there written and visual procedures for measuring/observing?
e How are appraisers trained?

e Do all appraisers have access to the same evaluation tools?

¢ Do appraisers take any shortcuts during the measurement process?

No two things are alike, but even if they were, we would still get different values
when we measured them.

—Donald J. Wheeler, Evaluating the Measurement Process, Knoxville,

TN: SPC Press, 1990.

3. Select Samples

Choose a number of samples that will serve as the baseline for appraisals.
Samples should reflect a wide spectrum of expected results, with about half
meeting the operational definitions established for the metric and half falling
short. The degree to which the samples meet or fail the standard should also

vary.

Sample size depends on the acceptable margin of error. For an Attribute MSA, a
typical sample size is 30 with a margin of error near £10 percent at 90 percent
agreement.
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4. Select Trained Appraisers

Select at least three appraisers (people who will measure or evaluate) who
are trained in the proper evaluation of samples based on the operational
definitions.

5. Conduct the Measurement Study

Provide the appraisers with the MSA samples and record their evaluation
results. After some time has passed, conduct a second evaluation session in
a different order than the first. Appraisers should not be aware that they are
evaluating the same samples.

For the MHI study, three appraisers were given 20 sample resumes as
part of a larger group. A week later the 20 samples, with only the applicant
names changed, were mixed into another group. The appraisal results were
recorded in a standard Attribute MSA worksheet (Exhibit 47.1).

6. Summarize MSA Results

After both evaluation sessions, compare the appraisals as follows:

® Repeatability (within appraiser agreement): Does each appraiser agree
with himself between the evaluation sessions? If one person measur-
ing the same item with the same device gets widely varying results,
repeatability is poor and the fundamental measurement system is

flawed.

e Reproducibility (between appraiser agreement): Do appraisers agree
with each other? If repeatability is good but results vary between
appraisers, then reproducibility is a problem with the measurement
system.

e Agreement with Standard: Does each appraiser agree with the standard?

The evaluation results for MHI'’s study are shown in Exhibit 47.2.

When we summarize all appraisers versus the standard, we see that only
seven times out of 20 (35 percent) did all appraisers agree with each other
and the standard. This is far below the minimum recommended 90 percent
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EXHIBIT 47.1 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstoolkit.com/downl oad.

agreement rate for an attribute measurement system (the bar would be set
even higher for processes with more severe consequences).

Some appraisers may have a bias relative to the standard (they tend to fail when
the standard is pass, or pass when the standard is fail). A careful review of the
MSA results will bring this bias to light.
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7. Improve as Needed

If your measurement system is flawed, the MSA study will lead you to spe-
cific actions to improve consistency and operational definitions, and reduce
appraiser bias.

The consequences of poor measurement systems include:

e Misunderstanding customer requirements.

o Rejecting products that a customer would deem acceptable.

e Shipping products that are unacceptable to the customer.

o Not identifying changes in performance in your processes.

e Mistakenly believing that an improvement has been made when, in reality,
none has occurred.

o Making data-driven decisions based on inaccurate data.
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Steps—Variable MSA

Scenario: The Getcher Fish Company wants to offer a small hand-held tur-
bidimeter that measures the amount of suspended solids in water. This new
product will help sports fishermen detect high fish activity (indicated by
low turbidity). A Variable MSA measures the accuracy and stability of the
turbidimeter.

1. Review Current Measurement System

As with an Attribute MSA, you need to have a good understanding of the
process or product requirements, and how compliance is measured (see
Attribute MSA step 1).

2. Establish Operational Definitions

The fundamental requirement for a Variable MSA is that the data can be
measured on a continuous quantitative scale. As such, a standard operational
definition for the performance metrics may already exist. If not, develop a
clear definition suitable for your purposes.

For example, Getcher Fish’s turbidimeter is aimed at the sport fishing
market, so it does not have to be as accurate as similar instruments used for
environmental measurements. At a level of 10 NTUs (nephelometric turbidity
units), the measurement variation can be within £2.5 NTUs and still be
acceptable.

3. Select Samples

Many Variable MSA studies are run on test instruments in a lab setting to
measure physical characteristics of a device. As a result, the sample size
can be limited. For the turbidimeter, we'll test one known standard sample
20 times over a 20-day period.

4. Conduct the Measurement Study

If you're running a simple Variable MSA in a lab setting, the procedure is
fairly straightforward. Most importantly, ensure that all tests are done by
appraisers who have been trained to correctly and consistently measure and
document the process or product output.
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Software packages such as Minitab or Sigma XL make MSAs easier by reducing
tedious calculations to a few keystrokes.

5. Summarize MSA Results

After completing the measurements, review the results for:

e Accuracy: The average difference (bias) between the results and the
known or agreed upon standard.

e Stability: Any trend patterns or significant shifts in the output.

¢ Repeatability: Random variation in the measurement results.

With regard to our turbidimeter, the Variable MSA determined that
the device exhibits a tolerable amount of variation (only 0.25 NTUs above
the reference value of 10 NTUs). However, the study did not measure
reproducibility (variation that may result when the device is used by differ-
ent fishermen). For this, we would need to run an MSA study that measures
both the repeatability and reproducibility of the device by testing 10 samples,
three times each, with three appraisers.

Resources

For more on analyzing MSA results, see:

Automotive Industry Action Group. Measurement Systems Analysis. Southfield,
MI: ATAG Publications, 2002. www.aiag.org.



TECHNIQUE 48

Work Cell Design

Configure the workspace for flow and optimization.

ork cell design organizes people,
equipment, and processes into the most efficient combination of resources to
maximize value creation while minimizing waste. This concept is leveraged
by home builders, for example, when they design a kitchen. As a center of
activity, the kitchen needs to be laid out in a way that supports the flow of
making dinner, doing dishes, putting away groceries, and other activities.

Needless to say, if you have a new innovation—product, service, or busi-
ness model—it pays for you to configure a work cell design before launching
into full production or delivery. In doing so, you'll optimize your processes
and reduce the time it takes to meet customer demand.

The steps that follow are a good start, but to take full advantage of work
cell design you need to understand more about the principles and practices
of Lean—an approach that increases the speed, efficiency, and value of oper-
ations while reducing waste in both product and service environments (see
Resources in Technique 46).

Background

Traditionally, manufacturers sought to keep their machines running as
much as possible to maximize productivity and decrease piece costs. These
days, many manufacturers (and service providers too) have realized the ben-
efits of keeping parts, products, or service delivery flowing at a rate dictated
by customer demand. This ensures that only the required amount of product
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or service is produced, as close as possible to the time it’s actually needed.
One component of achieving this objective is a properly designed work cell.

Steps

Scenario: RayRay’s House of Hair is a new chain of beauty salons that aims
to reduce customer wait and servicing time. Let’s see how RayRay uses the
Work Cell Design technique to optimize the flow of the hair-cutting process.

1. Gather Data

When designing a work cell, you need two key pieces of information—the
customer demand rate and the time the process takes. With this data, you
can determine takt time—the rate at which you must produce in order to
keep up with demand.

e Customer demand can be represented in any increment that makes
sense for your innovative offering. How many products do you sell in
a day, a week, or a month? How many customers do you serve in a
minute, an hour, or a day?

* Process time can be defined as either lead time (the total time the pro-
cess takes from beginning to end, including wait time), or cycle time
(the total time it takes to complete one process step).

In our example, RayRay gathers this data by visiting other beauty salons
to see how many customers come in during a given period. He does this
several times, on different days of the week, and during different times of
the day to determine customer demand rate. To determine process cycle
time, RayRay times several customers as they go through each step in the
process (customer check-in, shampoo, hair cut, and payment).

If your product or service is new, you may not have previous customer demand
or time data. In this case, you can derive the data from a pilot study or prototype.
Or, you can gather data from similar processes, or even from your competitors
(if they'll let you).
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2. Calculate Required Resources

Once you have the customer demand rate (DR) for your product or service,
and the cycle time (CT), you can determine the number of resources (NR)
needed to maintain takt time by using two simple formulas:

DR = 1/takt NR = (DR)(CT)

For example, RayRay’s research shows that the demand rate for hair
cuts is one customer every five minutes (DR = 1/5, so the takt time is
5 minutes). The cycle time for a hair cut (not including check-in, sham-
poo, or payment) is 15 minutes [NR = (1/5)(15) = 3]. So, RayRay’s would
need three resources, or stylists, to maintain takt time and keep up with
customer demand.

If the process requires more than one person to maintain takt time, you can apply
workload balancing to create an even distribution of work across the resources
so that none are overburdened or underutilized. For more information about
workload balancing, see The Toyota Way Fieldbook, by ). Liker and D. Meier,
New York: McGraw-Hill, 2005.

3. Optimize Process Flow

Refer to your Process or Value Stream Map and identify the value-added and
non-value-added steps. A value-added step is one for which the customer
would pay. All other steps are non-value-added, even if they are essential to
the process. Then:

e Eliminate non-value-added steps. For example, RayRay determines that
interrupting a hair cut in progress so the stylist can check in a new
customer is a non-value-added step. He eliminates this step by installing
an automated kiosk where customers check in themselves.

e Minimize or eliminate excessive movement or transport of people or ob-
jects. At RayRay’s customers pay for their hair cut when they check in,
eliminating a trip to the cashier afterward.

o Strive for one-piece ﬂow. To reduce wait time, parts, products, and cus-
tomers should move through the process one at a time instead of in
batches.
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Depending on how complex your process is, you may need different Process
or/Value Stream Maps—one that provides a high-level view of the process, and
any number of more detailed maps that document the subprocesses. In each
case, you should attempt to eliminate or minimize non-value-added activities
and wasted motion, and strive for one-piece flow.

4. Develop Standard Work

For each process step, develop standard work—a list of tasks required to
complete that step, in order. This ensures an optimal work sequence and
maintains consistency between employees who perform the same type of
work. Train employees to follow the standard work documentation, and
keep it in a place that can be conveniently referenced.

Note that optimizing the process flow and developing standard work
may take several iterations. Repeat steps 3 and 4 as time allows, collecting
data along the way, before moving on.

Don't confuse standard work with standard operating procedures (SOP). An SOP
typically contains detailed and lengthy instructions for creating or assembling
a product or delivering a service. Standard work identifies the best way for
a person to complete a particular task and documents this information with
pictures or very few words.

-

Common Work Cell Designs

5. Arrange Workstations T

Place workstations (desks 1 —
or machines where work
takes place) as close to-
gether as possible, in an ar-
rangement that minimizes
transportation and motion —_— o iy =
and optimizes flow. De- Aehapac i e Ldbopid
pending on the type of work

performed, certain layouts EXHIBIT 48.1 U-, T, and L-shaped work cells are com-

will work better than others  monly employed to optimize the use of space and
(Exhibit 48.1). Regardless improve workfiow.

LS
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Waork Cell Design Example
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EXHIBIT 48.2

of the design you choose, be careful not to sacrifice safety or quality for
efficiency’s sake.

In our example, the work cell design at RayRay’s is carefully laid out to
direct the customers along a designated path (Exhibit 48.2). After checking in
and paying, clients proceed to a booth where their hair is washed and their
scalps massaged by a specially designed machine. This allows the stylist,
the critical resource, to remain dedicated to the hair-cutting and styling
process.

6. Apply 55

58 stands for Sort, Store, Shine, Standardize, and Sustain. Use this method
to keep your workstations clean and to standardize item locations. At
RayRay’s, for instance, the stylists use certain items every day including
scissors, a comb, clippers, styling gel, and so on. These frequent use items
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are placed in readily accessible locations at the hair-cutting workstations.
Items used less frequently are kept in a centralized, but out of the way
location.

7. Test Design

When you're ready to put everything into place, conduct a test run of the
work cell design and all the associated processes to make sure you can meet
takt time and that everything goes as planned.

Resource

For a thorough reference on work cell design, see:

Hyer, N., and U. Wemmerlov. Reorganizing the Factory: Competing through
Cellular Manufacturing. Portland, OR: Productivity Press, 2002.



TECHNIQUE 49

Mistake Proofing

Install measures to prevent human and system error.

istake proofing uses a device or
procedure to reduce or eliminate the possibility for an error to occur. For
example, every vehicle in Canada is fitted with a device that senses dusk
and automatically turns the headlights on, a simple act that has reduced
accidents.

In the realm of innovation, mistake proofing helps you combat the
possibility that your product or service doesn’t function properly due to un-
foreseen events, equipment failure, and other factors. Mistake proofing also
makes it easier for employees to perform their work correctly and ensures
immediate recognition and repair when a mistake is made.

Mistake proofing can be as straightforward as a checklist or warning
label, or as complex as a computerized system that regulates a nuclear
power plant. Regardless of the situation, you should strive to apply the
maximum level of mistake proofing that is both affordable and feasible for
your innovation.

The Mistake Proofing technique can be leveraged early in the innovation process
to help you scope your opportunity and generate ideas. For instance, a new
feature in some automobiles makes the car brake automatically if it senses that
you’re about to hit the vehicle in front of you. The mistake-proofing strategy
of preventing accidents was leveraged early on when the job to be done was
identified.

301
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Steps

Scenario: Producers of home security systems must take care to mistake-
proof their offerings. After all, if the system is confusing to use or fails to
perform as designed, it could lead to a costly or even a dangerous situation.
In this example, we'll look at a few areas that, if neglected, could lead to
potential errors in a home alarm system.

No matter how well you design your new product or service, and its associated
processes, there will still be opportunities to make mistakes. Each mistake, in
turn, costs time and money to fix, and you risk losing customers as a result.

1. Identify Potential Mistakes

Review your innovation and its associated processes to determine where
mistakes are likely to cause a defect or error:

¢ Use Design Failure Mode and Effects Analysis (Technique 40) to deter-
mine what is likely to go wrong with your innovation, as well as the
extent of the damage you can expect if it does.

e Use a Process or Value Stream Map (Technique 46) in conjunction
with a process FMEA to discover potential mistakes related to how you
produce or deliver your innovation.

¢ Also look for technical or physical contradictions that could cause

defects or errors (see Structured Abstraction, Technique 23), and
Separation Principles, Technique 24), for more information about con-

tradictions).
I b |
Patential Mistakas for Heoma Alarm Swestam
For our home-alarm ex- [Grrromie [ Famae
ample, potential mistakes fall [Ty cimrrmy morigh | Moson ssnsar et
into two categories: False Pos- | Puwes sums Furwss [l
itives Where the alarm goes Fregor st o nile Sl armed thpman ek s}
ff )h ) d Pun -y arimegd Mot arrgd [dereicn dadura|
o W e'l'l 1t's not Suppose tO, Srarras e nelAayiine Ymbdapbnn dizm
and Failures, where the alarm * | s

fails to trigger when a security
breach occurs (Exhibit 49.1 ).  EXHIBIT 49.1
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10 Situations That Lead to Mistakes

Tool or equipment error.

Measurement error.

Misunderstanding or lack of training.
Poor procedures and control plans.
Forgetfulness or distraction.

Incorrect or missing parts/supplies.
Set-up errors.

Unclear specifications or expectations.

Ignoring the rules or willful sabotage.

© 9w XN Uk W=

—_

Low safety standards.

2. Prioritize Potential Mistakes

Prioritize the list of potential failure points to determine which ones are
most worth your time and effort to prevent. One way to do this is using a
Design FMEA (Technique 40) to calculate a Risk Priority Number (RPN),
and then address issues with high RPNs as well as those with higher severity
ratings.

In an ideal world we’d make perfect products and provide flawless ser-
vice, but that’s not reality. You will have to choose which imperfections you'll
try to prevent, and which ones you can let go. For instance, we could ap-
proach our alarm system example by focusing on the failure-type mistakes
first, since the consequences of an error in this realm are more severe than
for the false positives.

Mistake proofing was originated by Dr. Shigeo Shingo, a Japanese industrial
engineer well versed in manufacturing best practices. Dr. Shingo coined the
term poka (errors) yokeru (to avoid), or what we now call poka-yoke.
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3. Determine Root Cause

Use a Cause & Effect Diagram (Technique 53) to determine the root cause for
each potential error. This is a critical step in mistake proofing that is often
missed because too many people confuse errors with defects. For example,
motion sensor failure is a defect; motion sensor zone set incorrectly is an
error. You can only truly solve a problem at the error level, so make sure you
understand the difference.

Safety and risk considerations are often at the center of mistake proofing. Imag-
ine the risk associated with unveiling new investment software, or with imple-
menting a new surgical procedure. Both the financial and health care industries
have a host of mistake-proofing measures in place to avoid costly errors and
litigation.

4. Choose a Mistake-Proofing Strategy

For each root cause, identify an appropriate mistake-proofing strategy. You
can devise a strategy using other techniques in this book, such as Value
Quotient (Technique 3) to understand your offering’s ideal state, and any
number of ideation techniques to generate ideas for moving closer to this
ideal. The exact approach, however, will depend on the specific mistake
you're trying to prevent.

For example, we could prevent a homeowner from forgetting to acti-
vate the front-door security alarm by automatically arming the system. Of
course, this would introduce problems when the homeowner wanted to enter
or leave. Perhaps this problem could be solved by installing a fingerprint-
sensitive doorknob that allows authorized individuals to enter and leave at
will without setting off the alarm. Even so, you would still have to consider
how to mistake-proof this solution.

Don’t confuse correction with prevention, which is the ultimate goal of mistake
proofing. Many people assume, for instance, that a battery backup is a mistake-
proofing strategy for combating power failures. However, a battery only corrects
or minimizes the damage caused by losing power; it doesn’t prevent power loss
in the first place. Thus, while it may be the best option available to you at the
time, it's not as good as a power source that never fails.
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5. Test the Mistake-Proofing Solution

The final step is to actually create and test your mistake-proofing solution.
You can do this before you move on, or as part of a prototyping or piloting
process.

It is not one poka-yoke device, but the application of hundreds of these very
simple fail-safing mechanisms that, day after day, has brought the quality miracle
to industries around the world. Each one is relatively simple—something you
easily could do on your own. But it is the totality, the hundreds of devices, that
is almost frightening to behold.

—Dr. Shigeo Shingo
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Design of Experiments

Analyze input and output variables to identify the critical few.

esign of Experiments (DOE) is a
complex but powerful method of validating your innovative solution during
the design process or prior to entering full production. For example, we
could run a DOE to identify the optimal settings for a new ultralight, high-
mileage vehicle. The DOE would tell us the effect on gas mileage of varying
factors such as tire pressure, fuel octane rating, speed, and road conditions.

DOE is an alternative to best-guess or one-factor-at-a-time experiments,
which are time- and resource-intensive, and may not produce the optimal
solution in the end. By using DOE to test more than one factor at a time,
you'll end up with better, more reproducible solutions in less time, and
you'll expend fewer resources. However, the approach does require rigorous
statistical analysis and should only be used with support from statisticians
or others who have been trained in DOE.

Steps

Scenario: Suppose you're designing a small robot that picks up metallic ob-
jects (screws, staples, metal shavings, etc.)—and one of the key components
for the robot is an electromagnet. DOE can help you determine the electro-
magnet configuration that will best meet your design criteria.

1. Determine Response Variables

Responses are the outputs that you will study during the experiment. Identify
the key responses you want to measure, but keep in mind that as the number
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of responses goes up, so does the experiment complexity. In our example,
electromagnetic force is the primary response; we need to hit a target force
of 20 units while keeping costs low.

DOE is a team-oriented event that benefits from a variety of backgrounds (de-
sign, operations, statistics, etc.).

2. ldentify Factors

Factors are the inputs you will vary during the experiment to determine the
effect on the response. Use a Cause & Effect Matrix (Technique 54) to help
you identify all possible factors that contribute to the responses you listed
in step 1. Then, narrow down the list based on cost and time constraints.
Typically, two to seven factors work best.

For our example, we could identify 50-plus factors that affect electro-
magnet design, but those most relevant to our chosen response are battery
type, circuit design, and wire length. We also want to investigate interactions
between these factors. Does one circuit perform significantly better with a
particular battery, and the other circuit perform better with the other bat-
tery? If so, this would be an interaction between the circuit and battery type.

3. Determine Factor Levels

Levels are the specific settings that determine at what point you will take
your measurements, and how far apart each measurement will be. Levels
can be categorical (on/off,
up/down, type A/B/C, etc.) or

!

e . Electromagnet DOE Design
quantitative (length, weight,
pounds per square inch, etc.). |GeultTrpe | Battary Typs Wire: Langth
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net DOE, we chose two levels
for each factor (Exhibit 50.1).  EXHIBIT 50.1
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4. Select Experiment Design

The experiment design specifies which factors you will combine during the
experiment and in what combination. One of the most commonly used
designs is called full factorial, which simply tries all possible combinations of
factors and levels. Although a full factorial is not as efficient as other designs,
it provides reliable information on effects and interactions. To conduct our
electromagnetic trials, we chose a full factorial design of three factors at two
levels each, which calls for eight trial combinations (2 x 2 x 2).

Screening designs test only a fraction of the possible combinations in return
for less knowledge about interactions. For example, a DOE with 11 factors
at two levels each would require 2'!, or 2,048 combinations. A highly ef-
ficient screening design could reduce the 2,048 possible combinations to
only 12.

5. Determine Sample Size

The sample size is the number of trials you need to run to detect significant
differences between factors and levels. Detecting smaller differences requires
larger sample sizes. For the electromagnet experiment, we want to detect
differences in force effects of five or more units, so three replications (24
trials) should provide a sufficient sample size.

Sample size calculations are frequently accomplished by statistical software,
but might also be limited by the amount of resources available to run the
experiment.

6. Assign Factors to Design Array

Statisticians have created a battery of standard design arrays to ensure in-
tegrity in experimenting. These arrays allow quick set up through many
software packages. Additional on-demand computer-generated designs are
also available for special needs. For our electromagnet, we can use a
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standard eight-run array (Ex- 1
hibit 50.2). Converting the mi- AP0 LesREn, FMrRY
nus and plus coded values Eactors Interactions
gives us ‘th.e combinations to A 8 ¢ | aB | AC | BC | ABC
run (Exhibit 50.1). L ! {
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trolled factors to change in the
same pattern as one or more of EXHIBIT 50.2

the factors in your trial. This

would create a false analysis of the data. To help prevent such confounding,
you can randomize the order of the trials by rolling dice, pulling numbers
out of a hat, or using computer-generated random sequences.

8. Prepare Data Collection Method

Before running the experiment, make a data collection sheet for each trial
with the run order and factors, as well as a place to record results and
comments (Exhibit 50.3).

Data Collection Sheet - Electromagnet DIDE
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EXHIBIT 50.3 In this DOE, eight experiments (Standard Order column) were repeated
by three shifts (Run Order column), resulting in 24 total trials.
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9. Run the Experiment

Finally, the moment arrives. Make sure each trial is closely observed by one
or more team members. Sometimes observations are more important than
the data. In our example, the assembly of the electromagnets proves to be
easier with parallel circuits than with series circuits. This is a key observation
to note.

o~ ™
Factor Etfects Analysis
When analyzing DOE data, you're looking | i1} Farasal | 1925
(=¥} Baries | 7.25
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circuit type/wire length interaction effect of 2.5 force units. Further analysis
conducted with the help of a statistical software program would show that
circuit type, wire length, and the interaction between them are the three
most statistically significant factors.

Several software programs are available to help you design and track DOEs
including Minitab, Sigma XL, Design Expert, and JMP.

11. Verify Results

Verification is a necessary step in DOE. Not only do you need to verify your
best combinations, you also want to demonstrate that you can manipulate
factors to produce a specific response. This is particularly true if the best
combination of factors was predicted but not actually run during the experi-
ment. You can verify the DOE results by running individual trials to confirm
the best combinations. Or, you can run a small experiment using only a few
of the significant factors to demonstrate your ability to change the response.

Resource

To take your understanding of DOE to the next level, read:

Montgomery, D. Design and Analysis of Experiments. 6th ed. Hoboken, NJ: John
Wiley & Sons, 2004.
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Conjoint Analysis

Compare solution attributes to cull out customer preferences.

onjoint Analysis is a simplified ex-
perimental technique for determining the best combination of attributes to
include in a product or service design—based on the tradeoffs customers are
willing to make. For example, you could have a new laptop computer that
gives more benefits and costs less than what competitors offer. But before
you release it you might want to find out what customers prefer in terms of
the product’s attributes, and what price they are willing to pay for them.
Conjoint Analysis is used when you need to optimize a design prior to
releasing it for production or delivery to customers. But it can also be used
further upstream when making initial design tradeoffs prior to producing
a prototype or pilot. The biggest challenge is to generate viable attribute
options that the customer can realistically evaluate, using the help of an
expert for more sophisticated analyses.

Originating in mathematical psychology, Conjoint Analysis was developed by
marketing professor Paul Green at the Wharton School of the University of
Pennsylvania.

Steps

Scenario: An adventure equipment company is considering different alter-
natives for a down jacket with a built-in global positioning system (GPS)
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to avoid storing maps and fumbling with them when your fingers get cold.
Called the PosJacket, the new product could have any number of combined
attributes. What tradeoffs are customers willing to make? What is the best
combination of attributes for the PosJacket product?

1. Formulate an Aftribute List

Attributes are the features associated with your product, or the key elements
of interest to consumers. Each attribute can assume different levels, rep-
resenting different options. Our PosJacket has the following set of features
and levels:

e GPS System: Completely removable, semi-removable, or integrated (not
removable).

e Price: $350, $450, $750.
e Weight: 8 pounds, 5 pounds, 3 pounds.

With this list of attributes, there are 3 x 3 x 3 = 27 possible jacket com-
binations. Product levels are assumed to be mutually exclusive; therefore, a
design concept may only assume one of the levels for each attribute.

Levels should have a concrete/lunambiguous meaning. For example, better to
say $750 than “very expensive.” Better to say “8 pounds” than “5 to 10 pounds.”
The first descriptions leave meaning up to individual interpretation, while the
second descriptions do not.

2. Define Concept Products or Solutions

We don’t have to ask our focus group to evaluate each possible product
attribute permutation. By referring to published design tables, or with the
aid of software programs, you can find an efficient subset of the total possible
combinations of product concepts. For our study, one efficient design plan
yielded the PosJacket attribute combinations shown in Exhibit 51.1.
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EXHIBIT 51.1 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstoolkit.com/download.

Note that not all possible combinations are represented, but only those
that fit the specific design plan. Each row in the table represents a product
concept we'll ask our focus group to evaluate. Each “x” corresponds to a level
each jacket prototype represents. For example, Jacket #1 has an integrated

GPS, costs $750, and weighs 5 pounds.

Of course, only those combinations that are realistic will make it to the
prototyping stage. For instance, a removable GPS jacket weighing 3 pounds
for a price of $350 will not be profitable; therefore, this option is not offered.

The design plan in our example has clever independence properties:

e Each level appears exactly once with every other level. For example,
3 pounds appears an equal number of times (once) at each of the levels
of GPS system and price. Such a design reflects complete independence
of attributes and is termed orthogonal.

¢ An orthogonal design makes it possible to estimate the independent ef-
fect of each attribute with a relatively high degree of precision. For
example, it would be difficult to distinguish separate effects if the
3-pound weight always appeared at the lowest price. Would the prefer-
ence for such a concept be due to desiring low weight or low price?




3. Collect Data

Convene a focus group and
ask respondents to express
the trade-offs they're willing
to make by rating, sorting, or
choosing among hypotheti-
cal concepts and their as-
sociated attribute levels. To
evaluate the PosJacket, we
ask participants to evaluate
each of the nine possible
three-way combinations ac-
cording to the design plan.
Respondents rate on a 0 to
10 point scale, with 0 mean-
ing a completely undesirable
offering and 10 meaning an
extremely desirable offering.
One respondent’s feedback is
shown in Exhibit 51.2.

4. Calculate Utilities

Conijoint Analysis
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PosJacket Ratings
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EXHIBIT 51.2 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank
version of this customized form is available for download at
www.innovatorstoolkit.com/download

Preference values, called wutilities, are calculated from the feedback of each
respondent. Utilities represent the trade-offs made while selecting between
different attribute levels. Because each attribute level appeared exactly once
with every other level in the study, there is a simple way to estimate at-
tribute level utilities. (Of course, conjoint studies in the real world are rarely
so straightforward). We've constructed this example so that the utility esti-
mation may be done with simple arithmetic.

For our illustration, the utility score for each attribute level is simply the
average score for jackets that are included at this level. In our example, three
PosJackets—#4, #6, and #7—were priced at $350. The average respondent
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score awarded to these was 6. Using the ¢ ;.
same approach, we can calculate utilities PosJacket Utility Ratings

for each attribute level (Exhibit 51.3). Yawal Litility
To project which product a respon- Ramaovatis £ 45
dent would choose, add up the level utili- i oy =00
ties for each product concept. The product 2 integrated 5.00
concept with the highest sum of utility val- | [€1 |  #35¢ .00
ues may be regarded as the chosen prefer- 2 E $450 533
ence. So looking at Exhibit 51.3, we see that - FIED 4.00
the integrated (5.00), $350 (6.00), 3-pound 3! B pounds 167
(9.00) jacket is the preferred choice. 5 = padndy il
3 pounds 4.00

% -

5. Calculate Importance Scores

Where utilities characterize choices be- EXHIBIT51.3 (Downloadable)
tween product levels, importance scores Copyright © 2009, Breakthrough Management

.. . . Group. A blank version of this customized form
signify the relative worth or impact of . J_ - 0 = - i

each attribute on product choice. They www.innovatorstoolkit.com/download.

are derived by calculating the difference

between the best and worst utility scores for each attribute for each respon-
dent, then averaging the results for all respondents. This defines the impact
each attribute has on choice (according to the levels included in the study).
The raw differences can be converted to percentages. Obviously the weight
attribute has the greatest influence on product choice for the PosJacket ex-
ample:

GPS System: 5.33 —5.00=0.33 3%

Price: 6.00 —4.00=2.00 21%
Weight: 9.00 - 1.67=7.33 76%
9.67 100%

To elegantly present the results of a Conjoint Analysis, the values derived from
respondents can be converted to a market simulator (what-if tool). Some soft-
ware programs worthy of investigation are SAS, SPSS, and Sawtooth.

Utility values and importance scores can mean quite a lot to the trained
eye, but could be challenging for others not familiar with the details. Conjoint
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Analysis recognizes that people make trade-offs, and that different people
make different trade-offs. If you know what those trade-offs are, you have a
powerful tool to predict consumer behavior.

Resource

Try this supplemental paper if you need more on Conjoint Analysis:

Krieger, A., P. Green, and Y. Wind. Adventures in Cownjoint Analysis: A
Practitioner’s Guide to Trade-Off Modeling and Applications. 2004. http://
marketing.wharton.upenn.edu/ideas/pdf/Green/Monograph/Adventures-
Introductory%?20Materials.pdf.



TECHNIQUE 52

Process Behavior Charts

Monitor process performance to keep the new solution in control.

rocess Behavior Charts are used to
monitor the performance of a process, product, service, or solution at the
output (Y) and input (X) levels, answering the simple question: Is my
process running as expected? For example, the mortgage loan approval
process has several inputs that eventually result in the output of an ap-
proved loan. Process Behavior Charts can be used to monitor these input
and output variables as a mechanism for helping manage loan turnaround
times.

Use Process Behavior Charts to monitor the performance of your new
innovation as it goes into production or commercialization after its design.
By doing this, you create the visibility that is necessary to ensure your new
innovation has successfully made the transition from the drawing board into
the real world.

We only cover the most basic chart types here, so it would be necessary
to have help from a process expert or statistician if your needs are more
sophisticated. As well, you may need or benefit from Process Behavior Chart
software if not performing your own calculations.

Process Behavior Charts are often called control charts, but this convention
implies that a control function is performed; on the contrary, Process Behavior
Charts only perform a monitoring function. The control function is performed
by virtue of a good Control Plan (Technique 55).
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Steps

Scenario: SkiBlades use ski-boot technology to lace up in-line (single line
of wheels) roller skates. Just pull on a super thin-but-strong cord and your
SkiBlades tighten around your foot. When fully tight, you release your pull
and the excess thin cord retracts back into a small coil, while your boot re-
mains very tight around your foot. Making these blades consistently requires
keeping a number of production variables under control.

The general sequence for constructing Process Behavior Charts is the
same for all types of data, but there is some variation depending upon
whether attribute data (data you can count) or variable data (data on a scale)
are involved. We'll show you the steps and some details for each type of
Process Behavior Chart.

Attribute Data

During pilot production of SkiBlades, some became defective when the pull-
cord broke away from the boot. After some early improvements, the pull-
cord problem stabilized at just a few defects per day. But to enable continued
monitoring, the production team develops a C-chart.

1. Gather and Plot the Data

¢ Determine the frequency of data collection (daily for our example).
¢ Record the defect counts.

¢ Plot the defect data on a time series chart (i.e., number of boots scrapped
per day as a result of broken pulls).

2. Calculate Control Limits

e Calculate the process average (the average defect count) and add this
to the chart.

e Calculate the upper and lower control limits (UCL and LCL); these are
the statistical signals that will show when the process is not running in
its usual mode.
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EXHIBIT 52.1

Many statistical programs (such as Minitab, SigmaXL, and JMP) auto-
matically calculate control limits for the various types of Process Behavior
Charts. If you're curious or want to perform your own calculations, see the
resources listed at the end of this technique.

The C-chart in Exhibit 52.1 shows time series data in defects per day,
the average number of defects, and the upper and lower control limits for
the process. Note that day 13 is above the UCL, indicating a day with an
unusually high defect rate.

When a process is in control, the control limits show the ordinary amount of
variation, called common cause variation. When measurements fall outside of
the limits, the variation is extraordinary, called special cause variation.

3. Interpret the Chart According to Established Rules

Here you are looking for rule violations, which are Process Behavior Chart
readings that indicate the process is out of control and needs help.

Exhibit 52.1 shows a rule one violation: There is a large shift in the
process that should be investigated immediately. On day 13, the chart shows
a much higher than normal defect rate, outside the UCL.
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A rule two violation is when the process operates above or below its
average performance for an extended period of time, specifically for nine or
more consecutive measurement cycles. When this happens, investigating the
causes could lead to permanent process improvement and defect reduction,
even when the process has shifted in a favorable manner.

Even if the shift is favorable, the process needs attention so it becomes more
stable and predictable.

A rule three violation is when the process drifts in one direction or
the other for a duration of at least six measurement cycles. So if SkiBlade
defects go up or down consistently for six days, then it’s time to investigate
the causes and fix the process.

Variable Data

Many processes have characteristics that are measured on a variable scale
rather than counted on a discrete scale. There is much more information
in variable data than in count data, so charts made from these yield more
signals or information than their attribute counterparts.

One of the most common types of Process Behavior Charts for variable
data is the Xbar/R chart, or average and range chart. While the overall
procedure for constructing this chart is the same as for the C-chart, a few
additional calculations are necessary due to the nature of variable data.

The SkiBlades defect rate was mostly steady, with one exception on
day 13. A team of process experts then discovered a correlation between
fluctuations in the temperature of the resin curing oven and the defective
pulls that broke away from the boots. At the team’s recommendation, the
temperature controller was replaced with a more modern unit, and the oven
temperature was recorded and monitored using a Process Behavior Chart.

1. Gather and Plot the Data

¢ Determine the frequency of data collection and the size of the subgroup.
A subgroup is defined as a few measurements gathered from the same
logical grouping (i.e., data from the same machine on same shift in
short period of time).



322 DEMONSTRATE THE INNOVATION

¢ For the oven temperature data, five measurements were taken each day
for 20 days, and this constituted the subgroups.
e Record the raw variable data.

e Compute the average and range of each subgroup. Plot the subgroup
averages and ranges.

2. Calculate the Control Limits

e Calculate the process average (the average Xbar) and the average range,
and add them to the charts.

e Calculate the upper and lower control limits (UCL and LCL) for the
average chart and the range chart; these are the statistical signals that
will show when the process is not running in its usual mode. Add the
control limits to the charts (Exhibit 52.2).
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Use such statistical software as Minitab, SigmaXL, and JMP to calculate
control limits for Xbar/R charts. If you're curious or want to perform your
own variable Process Behavior Chart calculations, see resources at the end
of this technique.

Variable behavior charts are also interpreted according to the rules shown for
the C-charts, but, due to the richness of information inherent in variable data,
there are additional rules for detecting more subtle changes.

Exhibit 52.2 shows that the curing temperature process is now running
in control and, if the team is right, there should be a reduction in boot-pull
defects. (Recall that the SkiBlades team replaced the curing oven’s temper-
ature controller with a more modern unit.)

Since the Xbar/R Charts for the oven cure data show that the curing
process is now in control, there should be a corresponding shift downward
in the defect rate. This improvement in the defect rate can be illustrated by
combining defect data from before and after the process change onto the
same C-chart.

3. Interpret the Chart According to Established Rules

Two additional Process Behavior Chart rules come into play when dealing
with variable data. For these rules, the area between the process mean and
the control limits is divided into thirds, that is, 1o, 20, and 30 zones, as
shown in Exhibit 52.3. (o stands for standard deviation, the variance or
spread of a given data set).

A rule four violation occurs when two of any three data points reside
more than two standard deviations from the process mean. This indicates
that the process has unnecessarily shifted higher or lower, and the out-of-
control state should be addressed.

A rule five violation occurs when the process has shifted higher or lower
to a smaller degree than a rule four pattern. The fourth point of any five
points that resides more than one standard deviation beyond the mean indi-
cates that the process shifted—obviously sometime before the first point fell
beyond the one standard deviation zone.

When out-of-control conditions are identified, you can use any number
of other techniques in this book to help you figure out what happened and
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EXHIBIT 52.3

how to prevent it from happening again. Some of these include Cause &
Effect Diagram (Technique 53), Design of Experiments (Technique 50),
Conjoint Analysis (Technique 51), and Measurement Systems Analysis
(Technique 47).

Resources

For more information and Process Behavior Chart calculations, see:

Wheeler, D. J.,, and D. S. Chambers. Understanding Statistical Process Control.
Knoxville, TN: SPC Press, 1992.

The National Institute of Standards and Technology (NIST) has a good on-
line resource for Process Behavior Charts called the Engineering Statistics
Handbook. The portion on Process Behavior Charts can be found at:

National Institute of Standards and Technology (www.itl.nist.gov/div898/
handbook/pmc/section3/pmc3.htm).
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Cause & Effect Diagram

Investigate the root causes of performance problems.

Cause & Effect (C&E) Diagram
enables you to brainstorm and categorize the variables that might be caus-
ing poor performance in your new process, product, service, or solution.
Say you produce a high-tech oven that monitors the internal temperature of
whatever you're cooking and tells you when the food is ready. If the oven
occasionally misses the mark, you need to know whether the problem is with
the temperature gage, the humidity sensor, the notification system, or the
food itself. A C&E Diagram helps you determine the root cause of the prob-
lem (output) by systematically identifying all the potential causes (inputs).

If your innovation isn’t performing as expected or specified, or if you
want to anticipate what could go wrong with your design before going into
production, you can use a C&E Diagram. Just make sure that your team
is knowledgeable about the system or process in question, and that they're
open to getting to the root cause of any issues.

Process capability (see Technique 37) is the metric by which you know if you
are having any performance issues or defect problems to solve. Once you use
process capability to determine this, you then use a Cause & Effect Diagram to
start analyzing the problem.

Steps

Scenario: Let’s say you have a new service that rents DVD movies to cus-
tomers through the mail. Recently, you've detected a decrease in customer
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satisfaction and retention. Using a C&E Diagram, you can systematically
identify all the potential causes that may be contributing to low customer
satisfaction.

1. State the Effect

Draw a horizontal arrow from left to right. Next to the arrow’s point, write
the effect (the problem you're looking to solve).

The Cause & Effect Diagram is also called a fishbone diagram because of its
resemblance to a boned fish. Fishbone diagrams were first demonstrated in
the 1940s by Dr. Kaoru Ishikawa, a Japanese engineer. He wanted a simple,
graphical way to show the relationships between the inputs and outputs of a
process.

2. Choose Cause Categories

Draw diagonal lines that connect to the horizontal arrow in the middle
(Exhibit 53.1). These represent cause categories. You can use the traditional
categories below or make up your own. Another common category set is
Policies, Place, People, and Procedure.

3. ldentify Inputs

For each of the main categories, use a Process or Value Stream Map (Tech-
nique 46) to help you brainstorm all the causes, or inputs, that may be con-
tributing to the problem. You can go category by category, or brainstorm
freely and list the cause under the appropriate category. Write each input
on its own line that extends from the category line (Exhibit 53.2). Continue
until you have listed all the potential causes.

For instance, our DVD-by-mail customers could be dissatisfied because
delivery takes too long. Or maybe the order process is too cumbersome. Both
of these factors would be listed under the Method category.

You can have the same input under more than one category, but be careful not
to list slightly reworded duplicate inputs under the same category.
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EXHIBIT 53.1 (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for

download at www.innovatorstoolkit.com/download.
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EXHIBIT 53.2 Cause & Effect Diagram (Downloadable)

Copyright (C) 2009, Breakthrough Management Group. A blank version of this customized form is available for

download at www.innovatorstoolkit.com/download.
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4. Ask Why

Now, for each input (potential cause), drill down by asking, “Why would this
input cause the effect in question?” Repeat this process until an underlying
reason cannot be articulated. For example, asking why DVD delivery may be
delayed, we might determine the following:

e Why? There are no copies of the DVD available.

e Why? We only have X number of this DVD in the nearest distribution
center.

e Why? The distribution centers are not aligned with our customer base.

e Why? Because our customer base grew disproportionate to geographic
populations.

e Why? Because the target market for our service is ever-changing as the
service matures and more people take advantage of DVDs by mail.

5. Discover Root Causes

Continue to drill down on each possible cause, asking, “Why?” When you
finish, you will have narrowed down the potential causes to the main root
causes. These can be further investigated using a Cause & Effect Matrix
(Technique 54) to determine which inputs have the greatest impact on
customer-centric outputs and, thus, need to be addressed to maintain cus-
tomer expectations.



TECHNIQUE 54

Cause & Effect Matrix

Identify the key input-output relationships in need of attention.

Cause & Effect (C&E) Matrix
helps you determine which critical process inputs have the most impact
on process outputs. For example, you might have a new product that stores
an Exabyte of data on a very small device. However, the process used to
create the device might have an extremely poor yield. You could use a C&E
Matrix to identify which factors you should focus on to improve the yield.

In essence, a C&E Matrix allows you to qualitatively determine the
importance of cause-and-effect relationships between process inputs and
outputs. This can be especially beneficial when you don’t have enough quan-
titative data to define cause and effect, as may be the case with a new product,
service, or process. The only caveat is that participants must be familiar with
the process, its inputs, and its customer-driven outputs.

You can use a Cause & Effect Matrix at any stage of your innovation process
when you need to understand the relationship between inputs and outputs, or
figure out which factor has critical influence.

Steps

Scenario: In the DVD-by-mail example from the Cause & Effect Diagram
(Technique 53), we looked for the root causes (inputs) contributing to cus-
tomer dissatisfaction. We can also use a Cause & Effect Matrix to discover
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which process inputs affect customer satisfaction the most and, therefore,
need attention and improvement.

1. lIdentify and Rank Process Outputs

List the customer-driven outputs across the top of the C&E Matrix (Exhibit
54.1). The outputs should be synonymous with the customers’ performance
and perception expectations (see Technique 30 for more information). Un-
derneath each output, rank it on a scale of 1 (less important to the customer)
to 10 (more important). If it takes too long to get consensus, use 1, 5, and 9
for the rankings to give the outputs more relative separation.

If the team disagrees as to which outputs are important to the customer, make
sure the customer is well-defined—is it the end user, an intermediary, or a fixer?
For more on customer types, see Performance and Perception Expectations
(Technique 30).

2. |Identify Process Steps and Inputs

In the far left column of the C&E Matrix, enter the process steps that con-
tribute to the outputs listed on top. Also list the inputs for each process step.
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EXHIBIT 54.1 (Downloadable)

Copyright (©) 2009, Breakthrough Management Group. A blank version of this customized form is available for
download at www.innovatorstool kit.com/downl oad.
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You can gather this information from your Process Map or Value Stream
Map (Technique 46), or even a Cause & Effect Diagram (Technique 53).

To save time, the facilitator can complete steps 1 and 2 beforehand, allowing
the group to focus on evaluation (steps 3 and 4).

3. Rank Process Inputs

As a group, rank the potential contribution, or effect, of each input on each
output. Use 0, 1, 3, 5, or 9, with 0 as no impact on the output, and 9 as
maximum impact. It's important that all team members share the definitions
associated with the ratings. Enter the results in the body of the matrix. For
example, the DVD-by-mail team believes the Distribution Center Locale input
has a significant impact on both the Quick Delivery and the DVD Selection
outputs, so they rated these effects a 9.

If you have a complicated process, you can do a macro C&E Matrix using just
the process steps (omitting the process inputs). This will tell you which steps
have the most impact on the outputs. Then you can do a more detailed C&E
Matrix using the inputs for only the critical process steps.

4. Calculate Cumulative Effect

For each process input row, multiply the impact value against the output
priority for that column (Exhibit 54.1). Do this for each input/output com-
bination, then add the results and put the total in the far right column. The
highest totals represent the critical inputs to the process, and the ones you
need to focus on to solve the problem.

A Cause & Effect Matrix enables the numerical representation of process inputs
and outputs, and the relationships between them. This quantifies the knowledge
of each process expert.
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Control Plan

Ensure that your new solution becomes commercialized as planned.

Control Plan is critical to ensur-
ing that your innovation will be produced or delivered according to your
careful design, regardless of location, personnel, environment, or other vari-
ables that you won’t be able to control. The plan helps you mitigate risk when
moving from a controlled environment (such as a lab) into an operational
environment (like the factory floor).

Customers have been conditioned to expect consistency thanks to busi-
nesses like Starbucks, McDonald’s, and countless others that strive to deliver
the same product regardless of location. Control Plans enable any organi-
zation to replicate the customer experience by clearly documenting how to
keep the process in control, what to do if it goes out of control and who is re-
sponsible for putting it back in control—all of which results in a reproducible
process that delights customers and maximizes profits.

It takes many hours, even days, to complete a thorough Control Plan. This time
can be minimized if you have already applied several techniques including
Process Map/Value Stream Map (Technique 46), Design FMEA (Technique 40),
and Measurement Systems Analysis (Technique 47).

Steps

Scenario: Imagine a drive-through fast-food chain that recognizes customers
using facial recognition software, and predicts their order based on their
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most recent and most frequent preferences. A Control Plan, if adhered to,
will ensure that customers receive the same high-quality service no matter
which drive-through location they visit.

1. Process Step

Refer to your Process or Value Stream Map. Each key process step should
have a row on the Control Plan. In our example, the process of taking a cus-
tomer’s order at the drive-through would entail many process steps—facial
recognition, order processing, payment, and so on. We'll fill out our sample
Control Plan (Exhibit 55.1) using the process step facial recognition.

We've included a recommended Control Plan form (Exhibit 55.1). But remem-
ber, the information collected in the plan can vary. Don’t make it too compli-
cated. For instance, if process capability is overkill for your process, leave it off
the plan.

2. Output

The output is the desired result of the process step. It could be an outcome
or event, or it might be the next step in the process. You may have more
than one output for a given process step. However, if all your process steps
have several outputs, your process steps are probably too high-level. For our
drive-through example, if the process step is facial recognition, the outputs
are cycle time and accurate identification.

3. Input

The input is different from the process step. Inputs are determined by asking,
“What are the key inputs that make the output possible?” It’s normal to have
several inputs for any given output; however, only list the inputs that directly
affect the output. You don’t have to list inputs that are assumed, such as the
presence of the customer.

Include inputs that you can’t necessarily control, such as weather conditions
that cause poor visibility. You don’t have to go crazy with scenarios, but if it's
likely to happen and if it will cause the process to go out of control, document
it and try to plan for it.
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4. Specification Limit

Now that you've identified the key inputs, the rest of the plan will concentrate
on how to keep the process in control. Specification (spec) limits are proven
standards or measurements that set the boundaries for each input or output.
When the output is operating within these boundaries (in spec), the process
remains in control. When the output operates outside spec limits, the process
goes out of control. Spec limits can be a variable range (such as the 1.5 to
3.5 second range for our drive-through camera to snap a picture), or an
attribute (we use yes/no for our database input because the driver’s image is
either in the database or it’s not).

5. Process Capability

Process capability is the ability of the process to meet or exceed the specifi-
cation limits you've defined. Capability is based on the number of times the
process output failed (defect rate) or succeeded (yield). For more details, see
Process Capability (Technique 37).

6. Measurement System

What type of measurement system will you use to gauge whether the process
output is within spec limits? Measurement systems can be as simple as a
stopwatch or as complex as an electronic data-capture process. Keep in
mind that the simplest solution is usually the best; the goal is to provide
an exemplary product or service, not to create elaborate measurements that
delay delivery.

A Measurement Systems Analysis (Technique 47) will make sure your measure-
ment system is accurate and doesn’t introduce variation into the process.

7. Current Control Method

How will you know when the process goes out of control? The control method
typically results from a process Failure Mode and Effects Analysis (FMEA),
where you have determined what could go wrong (how the process could go
out of control), and what will be done to correct it if it does. For instance, if
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our drive-through camera cycle time is too slow, the system automatically
alerts management.

8. Who

When you identify clear roles and accountability prior to delivering a new
product or service, you can better predict and control the customer experi-
ence. This field simply documents who (or what) is responsible for keeping
the process step in control. It could be an employee, a supervisor, a supplier,
or even a machine setting or software program.

9. When and Where

This area documents two important elements: when (how often) will you
measure the process to determine if it’s in control, and where will the mea-
surement data be recorded? Depending on what you're measuring, the when
may be a designated frequency (daily, weekly, etc.). Or, it could be based
on the number of transactions (e.g., products manufactured or customers
served).

Either way, measurement data needs to be recorded consistently and
accurately to help you compare data points over time. If your process is
complicated, you'll want to employ Process Behavior Charts (Technique 52)
to quickly and visually track when the process goes out of control.

10. Reaction Plan

We already have who, where, and when, so this section documents the
how—how you will get the process back in control if it goes outside the
spec limits. In our example, when the camera process goes out of control,
the manager restarts the camera. If that doesn’t work, she contacts technical
support.

The how is often the hidden delighter in the customer experience. Customers
will be infinitely more forgiving when something goes wrong if the response is
appropriate and is delivered in a predictable manner.
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11. Transition Plan

A Transition Plan includes any additional information, above and beyond
the Control Plan, needed to move from a pilot or small-scale production
to full-scale production and delivery. Typically this documentation is de-
tailed and so is merely referenced in the Control Plan. In our example, the
Transition Plan might include tech support and vendor contact information,
and suggested scripts for taking orders or soliciting customers to add to the
facial-recognition database.
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(Technique 37)
Kirton Adaption-Innovation (KAI) Inventory,
54-55, 58
KJ Method (Technique 27), 159-162
aka affinity diagram, 159
classic brainstorming and, 159
D* phase (Discover the Ideas), xxviii—xxxi, 75-76
scenario (dental office waiting room), 159-162
Step 1 (prepare ideas), 160
Step 2 (categorize ideas), 160
Step 3 (label categories), 160
Step 4 (vote on ideas), 161-162
team size, optimum, 160
Technique 5 (Heuristic Redefinition) and, 33
Technique 20 (Concept Tree) and, 121
Knowledge bases, searching (D* subphase), xxix
Knowledge/investment map, 68

Lawnmower example, 3
Leaders, project, xxx, 60

Lean principles, xxvi, 281, 286
Leavitt, Ted, 10
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Legalzoom.com, 5, 20

Level versus style, cognitive, 51, 55
Leverage matrix, 49

Light bulb, xxv

Likert Scales, 7, 13

Lilley, Geoffrey, 264

Lotus leaf, 157

Magnify/minify (SCAMMPERR), 108
Manager and control of information in time,
142-143
Managing people/projects (D* subphase), xxix
Mann, Darrell, 91, 94
Mapping:
design parameters to process variables, 192
power and influence map, 47
processes (D* subphase), xxix
Process Map/Value Stream Map (Technique 46),
280-286
SIPOC Map (Technique 45), 275-279
Material resources, 78
Measurement system, in Control Plan (Technique
55), 335
Measurement Systems Analysis (Technique 47),
287-294
attribute MSA:
defined, 287
results, 292
scenario (Motivated Helpers International
(MHI), virtual personal assistant market),
288-289
Step 1 (review current measurement systems),
288
Step 2 (establish operational definitions), 289
Step 3 (select samples), 289
Step 4 (select trained appraisers), 290
Step 5 (conduct the measurement study), 290
Step 6 (summarize MSA results), 290
Step 7 (improve as needed), 292
worksheet, 291
D* phase (Demonstrate the Innovation),
xxviii—xxxi, 261-262
resources, 294
Technique 37 (Process Capability) and, 219, 221
Technique 39 (Design Scorecards) and, 228, 237
Technique 52 (Process Behavior Charts) and, 324
Technique 55 (Control Plan) and, 332, 335
types, 287-288
variable MSA:
defined, 288
scenario (Getcher Fish Company, hand-held
turbidimeter), 293-295
Step 1 (review current measurement system),
293
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Measurement Systems Analysis (Technique 47)
(Continued)
Step 2 (establish operational definitions), 293
Step 3 (select samples), 293
Step 4 (conduct measurement study), 293
Step 5 (summarize MSA results), 294
Metaphors in nature, 155-156
Methodology:
D* (see D* innovation methodology)
in Project Charter (Technique 10), 60
Microsoft, xx, 283, 286
Milestones, 65, 68, 72-73
Minitab, 294, 311, 323
Mistake Proofing (Technique 49), 301-305
D* phase (Demonstrate the Innovation),
xxviii—xxxi, 261-262
leveraging, 301
scenario (home security systems), 302
Step 1 (identify potential mistakes), 302-303
Step 2 (prioritize potential mistakes), 303
Step 3 (determine root cause), 304
Step 4 (choose mistake-proofing strategy), 304
Step 5 (test mistake-proofing solution), 305
Technique 39 (Design Scorecards) and, 229
Modeling:
computer, 248-254
function diagram, 85-87
Piloting (Technique 44), 269-274
Prototyping (Technique 43), 263-268
Rapid Prototyping (Technique 42), 255-260
substance field (Su-Fields), 144-152
Modify. See SCAMPER (Technique 17)
Moment-to-moment movement technique, 130
Monte Carlo method, 251
Morphological Matrix (Technique 33), 198-203
D* phase (Develop the Solution), xxviii—xxxi,
177-178
examples, 202
morphology defined, 198
resources, 203
scenario (self-driving car), 198
Step 1 (determine system'’s subfunctions), 199
Step 2 (list design options for each subfunction),
199
Step 3 (assess feasibility of design options),
199-200
Step 4 (generate design concepts), 200-201
Step 5 (assess feasibility of design concepts),
200-201
Technique 32 (Function Structure) and, 196
Mortgage refinance approval, information kiosk,
218-222
Motivated Helpers International (MHI), virtual
personal assistant market, 288-289

Motivation, 51, 55
Movement. See Provocation and Movement
(Technique 22)
MSA. See Measurement Systems Analysis
(Technique 47)
Music:
Apple iPod/iTunes, xxi, xxii, xxiii
categorizing JTBDs about, xxi, 6
challenges to status quo, 100

NASCAR, 255
Nature’s guiding principles, 154. See also
Biomimicry (Technique 26)
New Balance, xx
New jobs growth strategy, xxi-xxii
Nine Windows (Technique 6), 35-39
aka system operator, 37
D* phase (Define the Opportunity), xxviii—xxxi,
1-2
scenario (Pitaya, growing Dragon Fruit plant), 35
Step 1 (prepare Nine Windows grid), 36
Step 2 (fill in center box), 36
Step 3 (identify super-system and subsystem),
36-37
Step 4 (determine past and future), 38
Step 5 (complete the grid), 38-39
Step 6 (reassess opportunity), 39
Technique 5 (Heuristic Redefinition) and, 28
Technique 7 (Job Scoping) and, 40
Noise reduction, airplane, 264-268
Noise variables, 223, 225

Online training courses, registration for, 111-113
Operating specifications, 70
Operational definitions, performance metrics, 289,
293
Opportunity:
creating/scoping/refining (D* subphases), xxix
defining (D* phase), xxviii-xxxi, 1-2
identifying gaps (see Value Quotient
(Technique 3))
Optimizing:
design (D* subphase), xxix
process (D* subphase), xxix
process flow, 297-298
resources (see Resource Optimization
(Technique 12))
Organic growth strategies, xx—xxii
Orthogonal design, 314
Outcome Expectations (Technique 2), 9-14
concept, xvii, xviii—xix
customer versus provider, 9-10
D* phase (Define the Opportunity), xxviii—xxxi,
1-2



desired/undesired, 9-10

resources, 14

Step 1 (identify JTBD), 11

Step 2 (list JTBD's related outcome
expectations), 11

Step 3 (create outcome statements), 11-13

Step 4 (determine priority outcome
expectations), 13-14

Technique 1 (Jobs To Be Done) and, 8

Technique 10 (Project Charter) and, 63

Technique 12 (Resource Optimization) and,
79

Technique 14 (Trend Prediction) and, 97

Technique 16 (HIT Matrix) and, 105

Technique 21 (Random Stimulus) and, 123

Technique 30 (Performance and Perception
Expectations) and, 179

Outputs. See Cause & Effect Matrix (Technique
54); SIPOC Map (Technique 45)
Owls, silent flight of, 264

Paired Comparison Analysis (Technique 35),
208-211
D* phase (Develop the Solution), xxviii-xxxi,
177-178
resource, 211
scenario (advertising agency), 208-211
Step 1 (create clear operational definition),
209
Step 2 (generate or discover alternative ideas),
209
Step 3 (create comparison matrix), 210
Step 4 (consolidate results), 211
Pairing ideal solution elements. See TILMAG
(Technique 34)
Parameter design, 218, 226-227
Patient Crusaders, 27-28, 159-162
Performance:
criteria, 218-319
indicators, 230
monitoring (see Process Behavior Charts
(Technique 52))
prediction (see Process Capability
(Technique 37))
problems (see Cause & Effect Diagram
(Technique 53); Cause & Effect Matrix
(Technique 54))
scorecards, 229, 230-231
Performance and Perception Expectations
(Technique 30), 179-184
concept, types of expectations, xix, 179-180
D* phase (Develop the Solution), xxviii—xxxi,
177-178
example (VOIP service), 183
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resource, 184
Step 1 (define the focus), 180-181
Step 2 (identify customers), 181
Step 3 (gather expectations), 182
Step 4 (classify expectations by type), 182-183
Step 5 (align expectations between customer
segments), 183-184
Step 6 (translate expectations into design
requirements), 184
Technique 31 (Axiomatic Design) and, 185
Technique 36 (Pugh Matrix) and, 212
Technique 38 (Robust Design) and, 223, 224
Technique 54 (Cause & Effect Matrix) and, 330
Personal JTBDs, 4, 6
Physical contradictions, 138-139, 141
Physical domain, Axiomatic Design (Technique
31), 187
Pikes Peak Coffee, 60, 61-65, 67-74
Piloting (Technique 44), 269-274
D* phase (Demonstrate the Innovation),
xxviii—xxxi, 261-262
pilot charter, 270, 271
scenario (culinary school; V-Chef course),
269-274
Step 1 (plan pilot), 270
Step 2 (design pilot), 270-272
Step 3 (designate resources), 272-273
Step 4 (run pilot), 273
Step 5 (analyze results), 273-274
Technique 41 (Discrete Event Simulation) and,
252,269
validating assumptions and, 74
Pitaya, 35
Pizza ordering/delivery, 97-99, 276, 278
Plan-Do-Check-Act (PDCA), xxvi
Poka-yoke, 303, 305
Police car laptop, 205-207
Portfolio, project, xxii—xxiii
PosJacket, 312-317
Post-it Notes, 8
Power failures, battery backup, 304
Power/influence, stakeholder, 45-47
Power plant emitting selenium, 82
Practitioners/specialists, xxx
Precision, 288
Preference values (utilities), 315
Pregnancy tests, home, xxi
Prevention versus correction, 304
Problem solving, xxiv-xxvii
classes of, xxiv—xxvii
divergent/convergent thinking and, xxiv—xxv
inventive (see TRIZ (Theory of Inventive Problem
Solving))
Problem statement prioritization matrix, 32
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Process:
data, qualitative/quantitative, 219
domain, Axiomatic Design (Technique 31), 187
flow, 249
for innovation (see D* innovation methodology)
innovation of, xxii
mapping (D* subphase), xxix
optimizing (D* subphase), xxix
scorecards, 229, 234-236, 237, 238
in SIPOC acronym (see SIPOC Map
(Technique 45))
variables (PVs), 185, 186, 187
Process Behavior Charts (Technique 52), 318-324
aka control charts, 317
attribute versus variable data, defined, 319
D* phase (Demonstrate-the-Innovation),
xxviii-xxxi, 261-262
resources, 323, 324
scenario (SkiBlades, in-line roller skates),
319-324
Step 1 (gather and plot data):
attribute data, 319
variable data, 320-322
Step 2 (calculate control limits):
attribute data, 319-320
variable data, 322-323
Step 3 (interpret chart according to established
rules):
attribute data, 320-321
variable data, 323
Technique 39 (Design Scorecards) and, 229
Technique 55 (Control Plan) and, 336
Process Capability (Technique 37), 217-222
D* phase (Develop the Solution), xxviii—xxxi,
177-178
principles of parameter design, 218
resources, 222

scenario (information kiosk, mortgage refinance

approval), 218-222
Six Sigma and, 217, 218
Step 1 (determine specifications), 218-319
Step 2 (collect appropriate data), 219
Step 3 (calculate capability metrics), 219-221
Step 4 (improve design or process), 221-222
Technique 39 (Design Scorecards) and, 237

Technique 53 (Cause & Effect Diagram) and, 325

Technique 55 (Control Plan) and, 335
tolerance design, 218

Process FMEA versus Design FMEA, 241, 244, 246

Process Map/Value Stream Map (Technique 46),
280-286
D* phase (Demonstrate-the-Innovation),
xxviii—xxxi, 261-262
resources, 286

INDEX

steps, future-state process map:
scenario (gutter slapper), 282
Step 1 (define the map boundaries), 282
Step 2 (map the future-state process),
282-283
Step 3 (finalize the future-state process map),
283
steps, future-state value stream map, 284-286
Technique 33 (Morphological Matrix) and, 199
Technique 41 (Discrete Event Simulation) and,
249
Technique 48 (Work Cell Design) and, 295, 297,
298
Technique 49 (Mistake Proofing) and, 302
Technique 53 (Cause & Effect Diagram) and,
326
Technique 54 (Cause & Effect Matrix) and, 331
Technique 55 (Control Plan) and, 332, 333
Product/service innovations, examples, xxii
Progressive Insurance’s on-site claim adjustments,
xxii
Project Charter (Technique 10), 59-65
D* phase (Define the Opportunity), xxviii—xxxi,
1-2
scenario (Pikes Peak Coffee), 61-65
Step 1 (administrative information), 60
Step 2 (business case), 60-62
Step 3 (job statement), 62
Step 4 (customer), 62
Step 5 (unmet outcome expectations), 63
Step 6 (competing solutions), 63
Step 7 (key assumptions to be tested), 63-64
Step 8 (expected financial impact), 64
Step 9 (milestones/timeline), 65
Step 10 (project investments), 65
Step 11 (team), 65
Technique 12 (Resource Optimization) and,
79
Project portfolio, xxii—xxiii
Prototyping, rapid. See Rapid Prototyping
(Technique 42)
Prototyping (Technique 43), 263-268
D* phase (Demonstrate the Innovation),
xxviii-xxxi, 261-262
scenario (airplane noise reduction), 264-268
Step 1 (design prototype evaluation), 264-265
Step 2 (build prototype), 265
Step 3 (evaluate prototype using function audit),
265-267
Step 4 (evaluate prototype for robustness), 267
Step 5 (consider additional evaluations), 267
Step 6 (repeat prototype process), 268
Technique 41 (Discrete Event Simulation) and,
252



Index 349

Provocation and Movement (Technique 22),
127-131
D* phase (Discover the Ideas), xxviii-xxxi, 75-76
movement techniques, 130-131
problem solving (Class 4) and, xxvii
provocative thought (PT) statements, 128-130
resource, 131
scenario (expanding market share, swimming
pools), 127-131
Step 1 (select focus), 128
Step 2 (create reality statement), 128
Step 3 (develop provocation), 128-130
Step 4 (generate ideas from movement), 130-131
Step 5 (review ideas), 131
Technique 18 (Brainwriting 6-3-5) and, 111
Technique 21 (Random Stimulus) and, 126
Publicly held companies, xx
Pugh, Stuart, 212
Pugh Matrix (Technique 36), 212-216
D* phase (Develop the Solution), xxviii-xxxi,
177-178
resource, 216
scenario (automatic hair-washing function),
213-215
Step 1 (determine baseline/datum), 213
Step 2 (select concepts to be evaluated), 213
Step 3 (define evaluation criteria), 213-214
Step 4 (use criteria to compare concepts),
214-215
Step 5 (scrutinize and refine concepts), 215
Technique 16 (HIT Matrix) and, 105
Technique 27 (KJ Method) and, 162
Technique 28 (Harvesting and Treatment) and,
168
Technique 35 (Paired Comparison Analysis) and,
208
Put to other purposes. See SCAMPER
(Technique 17)
Pyo Suh, Nam, 186, 192

Quality, critical-to- (CTQ), 180

Quantitative/qualitative data/measurements, 219,
288

Questions, eight important. See SCAMPER
(Technique 17)

Quicken, 21

Radar charts, 95-96, 98
Random picture generator, web site for, 125
Random Stimulus (Technique 21), 122-126
D* phase (Discover the Ideas), xxviii-xxxi, 75-76
scenario (running equipment/apparel), 122
Step 1 (identify JTBD and outcome
expectations), 123

Step 2 (select random stimulus), 123-124
Step 3 (brainstorm associations), 124
Step 4 (generate ideas), 125
Step 5 (review ideas), 126
Technique 18 (Brainwriting 6-3-5) and, 112
Technique 19 (Imaginary Brainstorming) and,
117
Rapid Prototyping (Technique 42), 255-260
additive processes, 256
advantages, 257
D* phase (Develop the Solution), xxviii—xxxi,
177-178
formative techniques, 256
resource, 260
scenario (handheld games), 257-260
Step 1 (input computer aided design data), 258
Step 2 (export data into stereolithography files),
258
Step 3 (select material and specify process),
258-259
Step 4 (create rapid prototype), 259
Step 5 (clean and finish prototype), 259-260
stereolithography, 256-260
subtractive techniques, 256
Technique 43 (Prototyping) and, 263
Ray Ray’s House of Hair, 213-215, 296-300
Reaction plan, 336
Real-estate transaction system, 84-90
Rearrange. See SCAMPER (Technique 17)
Registered Traveler program, 273
Related jobs growth, xxi
Reliability metrics, 183
Repeatability, 288, 290
Reproducibility, 288, 290, 294
Resistance, stakeholder, 45, 48-49
Resource Optimization (Technique 12), 77-82
categories of resources, 78-79
D* phase (Discover the Ideas), xxviii—xxxi, 75-76
examples, 82
field resources, 78
function resources, 79
information resources, 78
material resources, 78
options, 81
scenario (Titanic), 79-82
space resources, 78
Step 1 (formulate problem), 79-80
Step 2 (compose list of resources), 80
Step 3 (analyze resource list), 80-82
time resources, 78
Reversal PT, 130
Reverse. See SCAMPER (Technique 17)
Reverse income statement, 69-70
Robotic functions, 91
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Robust Design (Technique 38), 223-227
D* phase (Develop the Solution), xxviii—xxxi,
177-178
parameter design, 226
resources, 226
scenario (skin patch), 224-227
Step 1 (identify customer expectations), 224
Step 2 (develop conceptual design), 224-225
Step 3 (identify control factors and noise
variables), 225
Step 4 (identify potential deterioration), 226
Step 5 (experiment and determine optimum
design), 226-227
Step 6 (determine detailed design tolerances),
227
Technique 37 (Process Capability), 218
Technique 39 (Design Scorecards) and, 228, 237
Technique 43 (Prototyping) and, 267
tolerance design, 226
Roller skates, 319-324
Royal Dutch Shell, xxiii
Rule violations, 320-321
Running equipment/apparel, 122

S(s), five, 299-300
Sacred cows, sacrificing, 100-103
Safety/risk considerations, 304
Sales approach, innovating, 107-109
Sampling, 7, 308
Sanyo washing machines, xxii, 19
SAS, 316
Satisfaction score, 13, 14
Sawtooth, 316
Scale, separation in, 140
Scaling, resource, 81
SCAMPER (Technique 17), 107-110
acronym defined, 107
D* phase (Discover the Ideas), xxviii-xxxi, 75-76
resource, 110
scenario (sales approach), 107-109
Step 1 (define JTBD), 108
Step 2 (apply SCAMPER), 108
Step 3 (review ideas), 110
variation (SCAMMPERR), 108
Schlicksupp, Helmut, 204
Scorecards. See Design Scorecards (Technique 39)
Screening designs, 308
S-curves. See Trend Prediction (Technique 14)
Separation Principles (Technique 24), 138-143
D* phase (Discover the Ideas), xxviii-xxxi, 75-76
examples:
electroplating, 141-142
manager working in office, control over
information, 142-143

physical contradictions, examples of, 139
resources, 143
Step 1 (identify physical contradiction),
138-139
Step 2 (consider separation heuristics), 139-140
Step 3 (resolve physical contradiction), 141
Technique 16 (HIT Matrix) and, 106
Technique 25 (76 Standard Solutions) and, 144
Technique 38 (Robust Design) and, 224-225
Service innovations, examples, xxii
76 Standard Solutions (Technique 25), 144-152
D* phase (Discover the Ideas), xxviii—xxxi, 75-76
decision flow diagram, 147
model categories, 148-152
solutions for detection and measurement
(Class 4), 148, 151
solutions for improving the system by
changing the system (Class 2), 1438,
149-150
solutions for improving the system with little
or no change (Class 1), 148-149
solutions for making system transitions (Class
3), 148, 150
solutions for simplification and improvement
(Class 5), 148, 151-152
resources, 152
substance field modeling (Su-Field) and, 144
Shingo, Shigeo, 303, 305
SigmaFlow, 249, 253, 286
Sigma process, xxvi, 217, 218, 220
Sigma XL, 294, 311, 323
Silent flight of owls, 264
Simulations. See Discrete Event Simulation
(Technique 41)
Simulator, market (what-if tool), 316
SIPOC Map (Technique 45), 275-279
acronym (Supplier, Input, Process, Output,
Customer), 275
cheat sheet, 277
D* phase (Demonstrate the Innovation),
xxviii-xxxi, 261-262
examples:
new drug development process, 275-279
pizza, ordering/delivering, 276, 278
Step 1 (create high-level map of process), 276
Step 2 (identify outputs of process), 276-277
Step 3 (identify customers of outputs), 277-278
Step 4 (identify inputs required by process), 278
Step 5 (identify suppliers of inputs to process),
278-279
Technique 15 (Creative Challenge) and, 101
Technique 46 (Process Map/Value Stream Map)
and, 282
Six Sigma, xxvi, 217, 218, 220
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Six Thinking Hats (Technique 29), 169-175
Black Hat, 169, 173-174
Blue Hat, 171, 175
D* phase (Discover the Ideas), xxviii—xxxi, 75-76
Green Hat, 171, 174
hats defined, 169-171
Red Hat, 171, 174-175
resource, 175
scenario (GreenJeans Software, tracking
household income/expenses), 171-175
Step 1 (assign facilitator and establish ground
rules), 171-172
Step 2 (assign scribe), 172
Steps 3-8 (assume each hat), 172-175
Technique 28 (Idea Harvesting and Treatment)
and, 168
White Hat, 169, 172-173
Yellow Hat, 169, 173
SkiBlades, 319-324
Skin patch, 224-227
Skype, xxii
Skyscraper elevators, 249-254
Slinky, xxvii
Snake light, 21
Social JTBDs, 4, 6
Software packages, 249, 283, 286, 294, 311, 316,
323
Solutions:
developing (D* phase), xxviii—xxxi, 177-178
old/mew (table of JTBD examples), 5
standard (see 76 Standard Solutions
(Technique 25))
SOP (standard operating procedures) versus
standard work, 298
Space, separation in, 140
Space resources, 78
Specialists, xxx
Specification limit, 335
SPSS, 316
Staffing infrastructure, xxx
Stakeholder communication, xxx
Stakeholder Management (Technique 8), 44-50
D* phase (Define the Opportunity), xxviii—xxxi,
1-2
power and influence map, 47
resources, 50
stakeholder diagnostic, 46, 47-48
Step 1 (identify key stakeholders), 45
Step 2 (determine stakeholder power and
influence), 45-47
Step 3 (revisit stakeholder diagnostic), 47-48
Step 4 (develop plan to reduce resistance), 48-49
Step 5 (complete leverage matrix), 49
Step 6 (update documents as needed), 50

Standard deviation, 323, 324
Standard operating procedures (SOP), versus
standard work, 298
Standard solutions. See 76 Standard Solutions
(Technique 25)
Starbucks, xxi, xxii
Statistical signals, 319
Statistical software, 320, 323
Stereolithography, 256-260
Strategies, organic growth, xx—xxii
Structured Abstraction (Technique 23), 132-137
contradiction matrix, 134-136
D* phase (Discover the Ideas), xxviii-xxxi, 75-76
resources, 135, 137
Step 1 (identify contradiction), 132-133
Step 2 (abstract the problem), 133-134
Step 3 (converge on inventive principles),
134-136
Step 4 (apply inventive principles), 136
technical contradictions and, 132
Technique 16 (HIT Matrix) and, 106
Technique 25 (76 Standard Solutions) and, 144
Technique 38 (Structured Abstraction) and, 224
Technique 49 (Mistake Proofing) and, 302
Student assignments on time, 114-117
Substance field modeling (Su-Field), 144-152
Substitute. See SCAMPER (Technique 17)
Subtractive techniques, prototyping, 256
Suppliers. See SIPOC Map (Technique 45)
Support, current/desired level of, 45
Swimming pools, expanding market share,
127-131
Systematic innovation, Altshuller’s paradigm of,
91
System operator, 37

Takt time, 296-297
Tauber, Edward M., 104
Technical contradictions. See Structured
Abstraction (Technique 23)
Technology:
fueling new jobs growth strategy, xxii
trends, 94
Termite mound, 156
Theory of Inventive Problem Solving. See TRIZ
(Theory of Inventive Problem Solving)
Thinking hats. See Six Thinking Hats
(Technique 29)
3D Systems’ Viper Pro SLA, 256
TILMAG (Technique 34), 204-207
acronym (translation of German), 204-205
D* phase (Develop the Solution), xxviii—xxxi,
177-178
Ideal Solution Elements (ISEs), 205
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TILMAG (Technique 34) (Continued)
scenario (laptop computer for police officers),
205-207
Step 1 (develop ISEs), 205-206
Step 2 (add ISEs to TILMAG matrix), 206
Step 3 (eliminate duplicate pairings), 206
Step 4 (pair ISEs), 206-207
Step 5 (generate design concepts), 207
Technique 30 (Performance and Perception
Expectations) and, 180
Technique 32 (Function Structure) and, 197
Time, separation in, 139
Timeline, 65
Time resources, 78
Titanic, 79-82
Tolerance design, 218
Tollgate reviews/deliverables, xxviii-xxx, 74
Transition/improve (D* subphase), xxix
Transition plan, 337
Travel industry, 104-106
Trend Prediction (Technique 14), 91-99
D* phase (Discover the Ideas), xxviii—xxxi,
75-76
example (pizza delivery), 97-99
problem solving (Class 4) and, xxvii

Step 1 (become familiar with technology trends),

95

Step 2 (determine evolutionary potential), 95-97

Trial simulations. See Discrete Event Simulation
(Technique 41)
Trimming worksheet, 88, 89
TRIZ (Theory of Inventive Problem Solving):
founder, 91, 94
ideal innovation concept, 18

Separation Principles (Technique 24), 138-143
76 Standard Solutions (Technique 25), 144-152

Structured Abstraction (Technique 23) and,
132-137
Trend Prediction (Technique 14), 91-99
Turbidimeter, hand-held, 293-295

Utilities, 315-316

Value Quotient (Technique 3), 15-20
D* phase (Define the Opportunity), xxviii—xxxi,
1-2
examples:
Legalzoom.com, 20
washing clothes, 15-16
Step 1 (agree on and document JTBD), 16

INDEX

Step 2 (identify desired and undesired
outcomes), 16

Step 3 (plot ideal innovation), 17-18

Step 4 (plot existing solutions), 18

Step 5 (identify opportunity value gaps), 18-19

Step 6 (close value gaps), 19-20

Technique 13 (Functional Analysis) and, 83

Technique 14 (Trend Prediction) and, 96

Technique 15 (Creative Challenge) and, 100

Technique 49 (Mistake Proofing) and, 304

value analysis graph, 17

value continuum, 16

Value steam maps. See Process Map/Value Stream

Map (Technique 46)

Value transformation, in function diagram, 85
Variable versus attribute data, 319

Virtual personal assistant market, 288-289
Voice of the customer, labels applied to, 180
Voice Over Internet Protocol (VOIP), 183-184
Von Hippel, Eric, 26

Washing clothes, xxii, 10, 12, 15-16, 19
Washing hair automatically, 193-197
What-if tool (market simulator), 316
Wheeler, Donald J., 289

Windows, Microsoft, xx

Windows, Nine (Technique 6), 35-39

Womack, James, 281

Work, standard, 298
Work Cell Design (Technique 48), 295-300

D* phase (Demonstrate the Innovation),
xxviii-xxxi, 261-262

resource, 297, 300

scenario (RayRay’s House of Hair), 296-300

Step 1 (gather data), 296

Step 2 (calculate required resources), 297

Step 3 (optimize process flow), 297-298

Step 4 (develop standard work), 298

Step 5 (arrange workstations), 298-299

Step 6 (apply 5S: Sort, Store, Shine,
Standardize,and Sustain), 299-300

Step 7 (test design), 300

Working backward from perfect, 18

Working model, building (D* subphase), xxix
Workload balancing, 297

World Wide Web, xxiii

Xbar/R Charts, 321, 322, 323

Zigzagging process, 186-187
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