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1
Creating the  

Right Product

There is nothing so useless as doing efficiently what 
should not be done at all.

—Peter Drucker

This is what customers pay us for—to sweat all these 
details so it’s easy and pleasant for them to use our 
computers. We’re supposed to be really good at this. That 
doesn’t mean we don’t listen to customers, but it’s hard 
for them to tell you what they want when they’ve never 
seen anything remotely like it. 

—Steve Jobs, Apple founder,  
“Apple’s One-Dollar-a-Year Man,” Fortune

By now lists like this are well known: Ford Edsel, Pontiac Aztek, New 
Coke, Crystal Pepsi, HP TouchPad, Apple Newton, and Microsoft Zune, 
and we could go on—and on. Billions of dollars and countless hours of 
human effort have been squandered on product disasters that not only did 
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not sell, but in some cases did serious damage to the brand that required 
years to recover.

But these examples were in the “stone age.” Surely today, in our high-
tech, information-intensive environment, where companies know truly 
invasive levels of detail about their customers, such colossal flops are not 
possible, right? Well, maybe a little possible: 

■■ Samsung Galaxy Note 7 exploded due to faulty batteries, leading to 
massive recalls and a $2.3 billion write-down.1 

■■ Amazon’s Fire Phone (2014) had its price slashed from $199 to $0.99 
and still took a $170 million write-down; the phone was discontinued 
in 2015.2 

■■ Google Glass (2013) was cool, but few wanted the computerized eye-
glasses.3 

■■ Lululemon Astro Pants (2013) were so sheer that some were recalled 
because they were virtually see-through.4 

■■ Burger King Satisfries (2013) had fewer calories than regular fries and 
fewer fans as well.5 

■■ Google Nexus Q (2013), an overpriced spherical media player, was 
pulled almost as soon as it started shipping.6 

■■ Nike FuelBand (2014) could not compete in the crowded fitness- 
device field.7 

■■ Government projects, like the F-35 joint strike fighters or the air-
craft carrier USS Gerald Ford, despite cost overruns into the hundreds 
of millions and multiyear delays, have not come close to meeting  
expectations.8 

And these are just the high-profile commercial failures. For every public 
product embarrassment, there are thousands more we never hear about.

In fact, while not necessarily failures, the majority of new products 
seldom come close to meeting expectations, despite unprecedented atten-
tion from senior executives. A McKinsey & Co. poll found that “84% 
of global executives reported that innovation was extremely important to 
their company’s growth strategies, but a staggering 94% were dissatisfied 
with their organization’s innovation performance.”9 

01_LikerMorgan.indd   40 8/15/18   10:01 AM



Creating the Right Product  41

So how does this happen? More resources and attention than ever are 
being paid to innovation. We have access to an unprecedented amount of 
customer information to fuel sophisticated sales and marketing strategies. 
Yet products seldom meet expectations. We think it is because more infor-
mation, more sophistication, and more resources are not necessarily better 
and, by themselves, insufficient. Our experience indicates that most orga-
nizations do not dedicate nearly enough time up front to truly understand 
their customers, and not nearly enough time experimenting to close other 
critical knowledge gaps before beginning detailed development. 

Front-End Loading
One of our principles from The Toyota Product Development System10 is 
“front loading,” and the first step in that process is what Toyota calls the 
kentou, or study period. At the time of our research for the book, Toyota 
stood out from other companies in the amount of time it religiously 
devoted to deeply understanding the customer and context in which each 
and every product would be used. This was a very intense period led by a 
small, knowledgeable team of senior engineers, who solicited information 
broadly and generated many potential designs before converging. 

The study phase precedes detailed engineering design and asks funda-
mental questions like: 

■■ What problem is this product intended to solve? 
■■ What features are most critical or valued? 
■■ How will this product deliver unique value to the customer? 
■■ What overall context does the product operate within?
■■ How will it exceed anything our competitors might create in the next 

cycle? 
■■ What are our knowledge gaps and areas of significant risk? 
■■ What is our plan to deliver?

The study period, we argued, was perhaps the most important part of 
the Toyota product development system: creating the wrong product is, 
after all, the worst possible form of waste. It is a waste of product develop-
ment time, money, and talent from across the enterprise. 
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At the center of Toyota’s front end is a single, responsible leader for each 
product called the chief engineer (CE). We shared stories in our previous 
book about how CEs led their teams in deeply understanding the customer 
and how they develop a vision for the product to deliver unique value to 
that customer. One famous story in Toyota is when the Sienna minivan 
CE personally drove existing Toyota models through every state in the 
United States, every state in Mexico, and every province in Canada. He 
studied customers outside Home Depot as they struggled to fit plywood 
sheets into rear openings that were slightly too narrow. He experienced 
firsthand the buffeting wind on the high-profile van as he drove across the 
Plains. He saw the need for cup holders for each passenger on long trips 
(he also witnessed the importance of keeping children occupied on those 
long rides). Toyota had fallen behind Honda Odyssey as the top-selling 
minivan in the United States, but that decline led to many innovations 
and a bestselling minivan that, eventually, surpassed sales of the Odyssey. 

For many companies, engineering works to the design concepts of sales 
and marketing people who go through large amounts of data to try to 
understand what their customers want. In Toyota, sales and marketing 
serve their most important customer—the chief engineer. Data is useful, 
but chief engineers want to also get a personal feeling for the customers 
and product through direct observation. The chief engineer understands 
the technology and what is possible, gets a feel for the customer, under-
stands the drivers of cost, and develops a vision for the product.

We also shared the practice of developing early study drawings, or ken-
touzu. Generally, these were hand-drawn sketches. The engineering team 
used these early drawings to capture and communicate multiple potential 
design proposals during the study period. The team members also engaged 
in simple, rapid prototyping and experimentation to help them under-
stand higher-risk areas of the project.

The point of all this work is to identify and close important gaps in 
knowledge that the product team has early in the development process, 
before large amounts of human and financial resources are invested in the 
product. While the team may have identified an opportunity for a new 
product or service, there is still a great deal it does not know. The study 
period is intended to enable the team members to better understand the 
customer, the environment, and the product, as well as the significant 
risks and challenges that they are likely to face and sets the stage to create 
a plan to deliver a successful product. This does not mean that they will 
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have all the answers—far from it. Learning will continue throughout the 
program. But it does mean that they will have at least a strong conceptual 
understanding of how their product will successfully deliver unique cus-
tomer value and a reasonable plan to deliver.

Since our earlier research, we have had the opportunity to work with 
many companies across numerous industries. This allowed us to build 
upon what we knew and refine our thinking about closing critical knowl-
edge gaps during the study period. This ongoing work has led us to iden-
tify four broad categories of activities that successful companies employ at 
the front end of new product development programs:

1. Work to deeply understand.

2. Generate sets of potential solutions.

3. Experiment to learn.

4. Compile, align, and enroll before you execute.

Work to Deeply Understand
In the early stage of developing a new product or service, we offer one 
simple piece of advice: don’t assume you know. Do the work to deeply 
understand what your new product needs to be. As Steve Jobs observed in 
the opening quote, this includes going beyond what customers ask for to 
understand their needs better than they do and what is possible to satisfy 
those unmet needs. And the best place to answer those questions is at the 
gemba, or the place where your customer is. Immerse yourself in your 
customer’s environment in order to gain critical insights into just how 
the product or service can deliver the best customer experience, optimally 
solve your customer’s problem, or complete your customer’s task better 
than any competitors’ products. 

Go and See

When Charles (Charlie) Baker was appointed as the first American CE 
(called “Large Project Leader”) for a full model change for Honda, he was 
sent to Japan for training. Charlie expected he would be spending time 
in the company’s technical center learning the latest systems and technol-
ogies for designing and developing new cars. Instead, a very experienced 
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CE assigned to mentor Charlie took him to Tokyo. As they walked the 
streets of Tokyo, his instructor asked him what he saw. Charlie described 
all the cars around him and their characteristics. The teacher said, “No, 
no, what do you see? Do not tell me about cars.” Charlie eventually got it, 
and he began describing the people and how they handled traffic patterns, 
admired certain cars, and got in and out of cars. He was learning to see 
what really matters to customers. Then his mentor encouraged Charlie to 
look beyond cars and really study people and the other aspects of their 
lives. What are their values, their choices, and how can this deeper under-
standing be leveraged to create a compelling product? “The emphasis,” 
Baker says, “was on understanding the people, your customers, and their 
values and decisions. Everything else was trivial.”

Go and see at the source is classic lean advice, and it is just as powerful 
in product development as on the plant floor. Don’t only rely on market 
reports or focus-group summaries; go experience for yourself. Understand 
customer needs as well as the context in which a product will be used. 

Go and see is more than looking around and taking notes. Be sure 
to sharpen your observation skills and how you interact with those you 
meet. It’s not just about asking your customers what they want—it’s not 
their job to know; it’s yours. Immerse yourself in your customer’s world. 
The visceral experience is far more powerful and contains nearly unlim-
ited potential to generate innovative insights to differentiate your product 
and provide unique value to your customers. In our previous book, we 
described how Toyota CEs used “go and see” to better understand how 
products solved their customers’ problems or helped them accomplish 
tasks, as was the case with the Sienna minivan. But what about when your 
product objective is to deliver an emotional experience?

Immersion to Deliver an Emotional Customer Experience 

Willie Davidson, former senior vice president and chief styling officer of 
Harley Davidson, once said, “Form follows function, but both form and 
function report to emotion.”11 There is no doubt that emotional connection 
plays an important role in customers’ buying decisions and their product 
experiences. However, capturing this elusive characteristic—like catching 
lightning in a bottle—has proved incredibly difficult for many products.

The Ford Mustang is all about emotional connection. There is no log-
ical reason to buy a Ford Mustang. There are many more rational trans-
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portation choices available to consumers. Owning and driving a Mustang 
is an experience the customer wants that is extremely difficult to describe, 
much less precisely quantify. For example, it can be a visible statement to 
the world of the customer’s individualism. So, just how do you go about 
understanding the visceral experience and personal identity that custom-
ers expect to get from Mustang? While we do not have a stepwise formula, 
we believe that there is a great deal we can learn from Dave Pericak’s expe-
rience in gaining a deep understanding of, creating a compelling vision 
for, and delivering the very successful 2015 Mustang. 

When Pericak first took on the role of CE and the responsibility for 
developing the next model of the Mustang, the brand was running a distant 
second to the Camaro in sales and had been trailing the Chevrolet product 
for the previous five years. Mustang had clearly lost its emotional connec-
tion with its customer base, and Pericak had to figure out how to get it back. 

“The Mustang following is cult-like,” Pericak says,12 “and a very unfor-
giving cult at that. If you don’t get it right, they [the customers] know 
it immediately, and they are not shy about letting you know.” There are 
more than 250 Mustang clubs around the world, whose members take 
Mustang ownership seriously. Mustang had lost its “mojo,” and customers 
were definitely letting Ford know.

Pericak had been a “Mustang guy” as long as he could remember. He 
had owned several, worked on more than a few, and even proposed to 
his wife in a Mustang. Mustang was, in fact, part of the reason he had 
joined Ford. He lived and breathed Mustang. Even though he grew up 
with Mustang, he realized he needed to take the time to study and think 
deeply about the emotional connection between Mustang and its custom-
ers. He needed to understand where Mustang had gone wrong. How had 
it broken faith with its core? He needed to go and see and to talk with 
customers of all kinds. 

He started by attending Mustang events across the country, listening to 
all the exuberant stories of multigeneration ownership and how Mustang 
was intricately and inseparably woven into the stories of customers’ lives. 
He studied the people. He experienced owners’ pride and passion as they 
detailed their Mustangs with a toothbrush. He shared their ear-to-ear 
smiles as they started engines and heard that rumble. He saw the Mustang 
tattoos. He found elaborate airbrushing, literally one-of-a-kind artwork, 
tucked under the hood. He witnessed customers’ transformation as they 
got behind the wheel. 
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From Pericak’s observations, he began to understand what Mustang 
meant to these people. It was a form of individual expression. Customers 
were flexing their muscles, flexing their individuality. He knew that every 
detail of the next Mustang had to be about this raw, emotional expression. 
He also knew that anything that did not enhance this experience did not 
belong on a Mustang. He would constantly challenge the product team 
on decisions: Is it personally expressive? Does it look strong? Is it bold and 
edgy? Does it say Mustang? If the answer is no, get rid of it.

Then Pericak did something else that is fairly rare for this type of car. 
He met with groups of women. Dave felt that they had been overlooked 
in the past, both as customers and as influencers, and that this was a big 
mistake. He wanted to understand their perspective. Why did some sports 
cars resonate with women while others seemed to almost offend them? At 
the end of one of the discussions, Dave tried to summarize what he heard: 
“So what you’re saying is you like bad boys, but you don’t like assholes.” 
After they were done laughing, they responded, “That’s it exactly.”

Through these discussions Dave came to understand that if the vehi-
cle’s styling says angry and aggressive, it did not resonate with women at 
all. But if the car looks intriguing, a bit edgy, strong, and confident, that 
gets their attention. These sessions had a big influence on styling. Pericak 
and his team would review concepts and ask, “Is this angry, or is it confi-
dent and strong?” He and his team engaged many of those same women 
in early reviews of the Mustang’s styling. These sessions fundamentally 
changed the design language for the program.

Pericak and his small team began to sift through everything they had 
learned, trying to understand where Mustang had lost its way and, more 
importantly, where it could find the way back. Based on their collective 
experiences, it was clear that Mustang had to be far more strong, unique, 
and bold. At the same time, developers were cautious of creating some-
thing that looked ticked off or cartoonish. It had to stand out in a way 
only Mustang could—authentic, true to its roots, and not pretending to 
be something it was not. It must push limits and be a source of personal 
expression for its owner. Every inch must be uniquely Mustang. 

Rebuilding the emotional Mustang experience would clearly need to 
begin with artistic styling. He had to get this right, so Pericak headed right 
to Kemal Curic, chief designer for Mustang, where they began poring 
over concept sketches and scale models. They selected the Joe Lewis Fist 
monument in downtown Detroit as a symbol of fearlessness, strength, 
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and power that Mustang would embody. This was a symbol that repre-
sented the path-breaking independence of both the fighter and the origi-
nal Mustang launched in 1965. Success in delivering this experience lay in 
the details of hundreds of decisions by Pericak, Curic, and their team. We 
will share three from the program:

1. Designing the right look. A large part of portraying the appear-
ance of latent power in the exterior design comes from the Mustang’s 
“haunches.” It makes the car look like it’s poised and ready to pounce. 
Strong “hips” are essential to this design cue. That is the area of the 
rear quarter above the rear wheels. The design team modeled count-
less versions of this area until finally landing on a look that was just 
right. 

Of course, design is not the only element in bringing a car to 
market; it must be built, and unfortunately, some of the best styl-
ing created impossible manufacturing conditions. The rear quarter 
panel design was particularly challenging for stamping. Not willing 
to compromise, Pericak reached out directly to the members of the 
body and stamping engineering team to ask for their help. In the past 
they might have simply marked the styling infeasible and vetoed the 
design. Instead, a small team was assigned to collaboratively develop 
several significant innovations in the stamping process in order to 
deliver this critical design characteristic. The team delivered—the 
Mustang looks like it’s in motion when it’s just sitting there.

2. No-compromise fighting for critical customer features. Pericak 
knew that sequential rear turn signals are another iconic part of 
Mustang design DNA. “It can be pitch black out and you flip on the 
turn signal and instantly you know this is a Mustang.” The problem 
was that those signals put the program about $20 over budget, and he 
was under tremendous pressure to remove them from the program. 
As he feared, senior leadership finally directed him to remove them 
from the car. He refused, saying, “You have the authority to remove 
me from this job, but you put me here for a reason. I am represent-
ing the customer, and I know these tail lamps are critical. I am not 
going to remove them.” After an awkward silence, the leader said, 
“Okay, keep the lamps, but you owe me $20 by the next meeting.” 
Dave worked with Jim’s body team and other engineering groups to 
offset the cost elsewhere and delivered the lamps. He was willing to 
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put his job on the line to deliver what he knew was right. (We will 
talk more about this type of courage in Chapter 5 on leadership.)

3. Delivering emotion in the car’s functioning. Sit in a Mustang and 
push the start button. Feel that throaty rumble? Now step down on 
the accelerator. The deep growl quickens your pulse and gives you 
goose bumps. This is what power feels and sounds like, pure and 
simple. This is no accident. Pericak worked with powertrain engi-
neering to tune more than 50 different exhaust systems to arrive at 
just this sound. It is all part of the Mustang experience. It makes us 
think of the Harley-Davidson sound that was actually patented. 

According to Pericak, “It has to be a design that calls to you—a product 
you have to have; a design that is unmistakably pure Mustang and not try-
ing to be anything else. It is an emotional experience that channels Steve 
McQueen in Bullet, iconic American muscle, and Joe Lewis’s fist.” 

Pericak lived and breathed Mustang culture. He really knew his cus-
tomers and knew what was most important to his customer. Armed with 
this knowledge, he battled, pushed, and took total ownership for his prod-
uct. He fought hard against tremendous organization pressures to com-
promise, even to the point of risking his job. This is very different from 
bringing the voice of the customer into the conversation through a tool 
like quality function deployment, a market survey, or focus-group data. 
Data and these tools can certainly be useful, but they do not replace deep 
understanding, vision, and leadership.

All of Pericak’s efforts paid big dividends, starting with a 2015 Mustang 
sales improvement of 49 percent over the previous year. The Mustang also:

■■ Outsold the Camaro in 2015 by 37 percent13 

■■ Continues to outsell both the Camaro and Challenger up to the time 
of this writing14 

■■ Remains the bestselling sports car in the world at the time of this  
writing15 

■■ Was named No. 1 “dream car,” finishing one place above the Tesla 
Model S and five spots above the Camaro16

The Mustang is a great success story, but sometimes the customer 
experience you are trying to create does not come from metal and glass. 
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Sometimes it is bits and bytes. So how can you use “go and see” to achieve 
this same understanding and produce an excellent customer experience in 
the world of software?

Think Like an Anthropologist

Menlo Innovations is a small, custom software company that has a big 
mission—“end human suffering in the world as it relates to technology.” 
To do this, the company has had to “change everything” in the way soft-
ware is developed, resulting in High-Tech Anthropology, paired program-
ming, and an open and collaborative working environment.

Deeply understanding the customer at Menlo is done by pairs of pro-
fessionals, each with the job title of High-Tech Anthropologist (HTA). 
Together they visit and methodically study the environments and the peo-
ple who will use their products. HTAs focus on the end user as the “cus-
tomer” for this work, rather than their point of contact from the client 
company who is usually in IT. They spend many days at the workplaces 
where their product will be used (i.e., the gemba), observing and inter-
viewing target users in the users’ native environment in order to grasp the 
complete context of product performance. They watch carefully for what 
they call “the pain points”—problems the users are having that may pro-
vide the greatest opportunities to add value. 

Empathy is a requirement for the HTA role. HTAs create “mind maps” 
in which they capture critical aspects of their interviews with potential 
users and graphically illustrate the users’ thinking about both the current 
situation and the desired future state. Doing all this at the actual work-
place is crucial. As CEO Richard Sheridan says, “Design is contextual, 
and we have to study users in their native environment.”17 Next they have 
to transform their new knowledge into specific design solutions.

Generate Sets of Potential Solutions 
At Menlo Innovations, their HTAs do much more than identify customer 
needs. They are the thread of customer focus that runs through the entire 
development project. After initial visits with users, the development pro-
cess starts with HTAs crafting a clear problem statement and the start 
of a future state vision. This brief, handwritten summary describes what 
HTAs are setting out to accomplish. The easy-to-understand document, 
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albeit not easy to create, is shared with clients to be sure they have a strong 
and shared understanding of exactly what Menlo is trying to accomplish. 
Was HTA empathy work accurate? This early collaborative process creates 
alignment with the client and the rest of the Menlo team. 

Once alignment is understood, the lead HTAs will use the statement 
to call on other HTAs to help brainstorm ideas. They engage as many 
fresh perspectives as necessary in these lightning-fast sessions, generating 
quick sketches of potential design solutions for the user interfaces. This 
is followed by an HTA debrief in which the lead pair sorts through all 
the sketches and discusses and develops more focused solutions. The lead 
HTAs also utilize the mind maps (Figure 1.1) created from their inter-
views to further clarify their thinking and communicate their vision for 
the customized product. 

Figure 1.1 Interview mind map to convey essential points (website design example)

Persona Convergence

Building on observations, idea generation, and evaluations, the pair of 
HTAs creates 10 to 30 “personas.” Each persona is a detailed composite 
story of a potential target user, captured on a handwritten persona card 
with a fictitious name and photo. The cards are brought to a persona map 
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that looks like a target, and then the fun starts. The pairs challenge the 
customer to select the key persona as the target user. There is discussion 
and debate, but in the end, the customer must settle on a single target.18 

As difficult and exhausting as it may be, the HTAs force their customer 
to pick just one key persona out of the group so that they can focus their 
actual development work on a very specific customer, referring to him 
or her by name. That persona is taped to the center of the target. (The 
imagery of a target is also instructive: it conveys the team’s aim, but with 
room to make trade-offs as more knowledge is acquired, such as choosing 
to exclude or scale back a feature in order to achieve a faster ship date.) 
The HTAs will ask the client to select two secondary personas, and they 
are taped on the outer rings of the target. They insist that this is a critical 
priority, because “if you try to create a product for everyone, it will not 
work well for anyone, and you will get killed in the market.” 

Design Assessments

The next step in the development process is for the HTAs to create simple, 
low-fidelity, hand-drawn screen mock-ups of their vision for the product 
based on all their research and client dialogue. They share these mock-ups 
with “persona”-type targeted users at the gemba and make quick changes 
as feedback is digested. This is where a “make mistakes faster” philoso-
phy and spirit of rapid experimentation really comes into its own. The 
HTAs do not attempt to hit the target center with a single shot, but rather 
develop multiple potential design solutions in order to create the best pos-
sible product for the target user. 

Most Menlo projects require three or four major design assessments 
with end users, along with many more minor, incremental reviews. At a 
typical design assessment, the HTA pair shows the prototype interface to 
the end users in their native environment with little or no explanation, 
describes the user scenario, and asks the users to perform the target task. 
The HTAs write down everything the users do or say during the review. If 
the interface is not totally intuitive to the user, the HTAs start to ask ques-
tions to understand what must be changed. They frequently utilize multi-
ple prototypes in order to assess a range of attributes across design alterna-
tives, taking copious notes and returning to debrief from each experience. 

All these actions occur during software planning before any code is 
written. The mock-ups of screenshots are turned into story cards (on 
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index cards) describing one feature per card. Pairs of programmers esti-
mate the time required to create the code for each card. The customers 
then play a planning game to identify the story cards they want to include 
in the scope of work organized in weekly sheets of work with the number 
of hours multiplied by 2 for a pair of programmers multiplied by the daily 
rate. They are still planning and can add and remove cards to prioritize 
and stay within their budget.

Finally, in the execution state the story cards are “played” by the cus-
tomer to identify the week-by-week project scope. The played cards are 
prioritized each week as the customer authorizes the workload for the com-
ing week. The cards are laid out visually on a “work authorization board” 
on the wall to give a day by day work schedule for programmers, and the 
customer comes back each week for a hands-on design review, resulting in 
playing the next week’s cards. This cycle of learning, or PDCA (plan-do-
check-act), continues week by week, ushered by the HTAs representing the 
voice of the user. Perhaps it is no surprise that there is very little rework and 
that it typically results in almost 100 percent customer satisfaction.

Data Will Set You Free

Up to this point we have emphasized direct observation. Where are the 
marketing surveys? Where are the reams of quantitative data? Don’t ignore 
the data. It is useful. There is value in understanding population statistics 
and how the project will compare with competitive offerings. 

We view larger-scale data as necessary input, just not sufficient. The 
data can help identify trends, central tendencies, and variations in needs, 
and developing charts and graphs to visualize the data is critical. There is 
now more data available than ever before, sometimes too much. But it is 
the interpretation of the information that determines its value. 

One interesting example of how different kinds of data can be produc-
tively used was by the CE of the first Lexus, as described in The Toyota 
Way.19 The CE, Ichiro Suzuki, reviewed market research as a context, 
but then personally interviewed owners of competitive vehicles in focus 
groups. He identified patterns in preferences among owners of Mercedes, 
BMW, Volvo, Jaguar, and Cadillac. He then developed trade-off curves. 
The competitors neatly lined up as being strong on one factor, such as 
refined appearance, and weak on another, such as aerodynamics. He then 
set a “no-compromise” condition. For example, one target was refined 
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styling yet aerodynamic. These design challenges then directed the major 
innovations that made this first Lexus the bestselling luxury car in America 
in its first year.

Monozukuri Innovation

The literal translation of monozukuri is “making things of value”—mono 
(object of value) and zukuri (to make or build)—but it has a far more 
profound meaning. It captures the passion of the artisan—a fresh spirit 
of excellence, innovation, and pride in making something especially well. 
Jim learned by working with Mazda that it is for them also a specific 
method for cross-functional teams to work together on delivering greater 
value to the customer. It is a highly effective way to generate innovative 
ideas in support of new development programs.

Small, cross-functional teams—typically made up of people from prod-
uct engineering, manufacturing, purchasing, and key suppliers—are at 
the center of the monozukuri process. The teams are challenged to rethink 
how the value of a particular vehicle subsystem is created. The starting 
point is to study the current condition, which means existing vehicles. 
It’s a focused learning and innovation forum in which these teams study 
targeted subsystems, from both internal products and competitor vehi-
cles. The teams “tear down,” study, and contrast different versions of the 
subsystem from their various functional perspectives to determine the best 
design and manufacturing strategies to enable maximum performance at 
minimum total cost. 

The teams initially work independently, and once a team fully under-
stands the best currently available, it proposes new and better ways to 
design and execute the subsystems. One could say it is competitive bench-
marking, but with far more creativity than we normally see from this tech-
nical exercise.

The participants have learned both from tearing down different systems 
and from each other’s perspectives, and are then prepared to utilize a total 
value-stream perspective (all the steps required) in order to generate fresh, 
innovative ideas to improve the total value delivered to the customer. 

Parts of the subsystem, along with sketches and ideas, are mounted 
on karakuri (mechanism) boards, and the various teams visit each other, 
share ideas, and provide feedback. The output is captured and proposed 
to the individual program teams for potential incorporation into their 
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next-generation product. These ideas lead to significant improvements 
in quality, attribute performance, and cost. The functional participants 
on the teams also work on multiple programs, which establishes an effec-
tive way to share learning across projects and drive commonality where 
appropriate.

When facilitating monozukuri events with companies these days, we 
encourage them to broaden their learning search and include examples 
from other types of business. The resulting sketches, diagrams, and mock-
ups are evaluated against specific product-focused criteria (performance, 
cost, supply chain, etc.) by project teams, and a subset is selected to move 
forward into higher-fidelity testing and experimentation.

Start with Broad Sets of Alternatives and Converge Thoughtfully

Conceptually, front loading is about generating lots of alternatives and 
then carefully converging on multiple aspects of the design simultane-
ously. Our friend and colleague Allen Ward called this “set-based con-
current engineering,” and observed that Toyota was the best at it in the 
automotive industry. In an article, “The Second Toyota Paradox: How 
Delaying Decisions Can Make Better Cars Faster,” Ward and coauthors 
argued that this was as great a paradox as the just-in-time irony that hold-
ing less inventory can lead to more reliable, on-time delivery.20 

The more traditional approach to development is point based: to 
quickly converge on a single solution and then iterate to make it feasible 
from multiple perspectives, for example, trying to make a product achieve 
a function and then later modifying it to make it more manufacturable 
(Figure 1.2). The outcome is usually suboptimal from every perspective—
including that of the customer—and results in a product that kind of 
works, is not very innovative, and takes more time and cost to develop. 
This approach also leads to a lot of rework, as evidenced by all the redesign 
for new vehicles, with various functions, such as manufacturing, tossing 
designs back because they cannot be efficiently accommodated. This is 
often in effect a veto, instead of the thoughtful collaboration that allowed 
Dave Pericak to work with stamping engineering and realize the complex 
styling that made the Mustang distinctive.

The irony of a set-based approach is that a lot more time and effort at 
the front end, which can delay decisions, actually leads to a better design 
faster—from all perspectives, including the customer’s. By thoroughly 
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exploring the solution space when there are few constraints and little 
capital invested, cross-functional teams come to deeply understand the 
customer, the context of use, and the way a design fits with the manu-
facturing process (Figure 1.2). This early in the process you often don’t 
have all the answers you need to reduce sets of solutions or make required 
decisions. So how do you make decisions? Do an experiment.

Figure 1.2 Point-based versus set-based design

Experiment to Learn
At various points in the front end of product development, different peo-
ple will have interesting ideas, and often each of them will be convinced 
that his or her idea is the best. This can lead to some pretty interesting 
debates. This is a good thing. But even the most intense debate is not usu-
ally sufficient to arrive at the best alternative. While honest debate among 
a diverse group of pros is a crucial part of product development, it can 
only get you so far. 

Instead of discourse, the best engineers think like scientists and prefer 
to immediately take action and test ideas to understand their strengths 
and weaknesses. Your knowledge is limited and your ability to predict 
imperfect. It is much better to ask, “How can we test this idea?”

Mike Rother in Toyota Kata presents a model of scientific thinking 
very similar to the process described here, along with practice routines 
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(kata) to help build the scientific mindset (discussed later in this book in 
Chapter 6).21 At the center are rapid PDCA loops to learn the way to the 
challenge step by step. The challenge is clear, and it is big, in this case the 
CE vision. But the way to get there is not clear and requires an iterative 
learning process toward a series of nearer-term objectives, referred to by 
Rother as “target conditions.” Unfortunately, neuroscience research finds 
that people do not naturally think scientifically. There is internal pressure 
in our brains to make assumptions and jump to solutions before deeply 
understanding the solution space. Point-based thinking seems natural, 
and set-based thinking requires an unusual degree of patience. In the 
words of Nobel Prize winner Daniel Kahneman, we are more naturally 
“fast thinkers” than we are “slow thinkers.” The improvement kata is a 
way for learners to practice slow thinking until it becomes natural. A 
great tool for iterative learning is rapid prototyping.

Targeted-Fidelity Prototypes

The idea of testing prototypes in product development probably goes back 
earlier than when the first wheel was affixed to a platform and rolled out. 
But it seems that over time prototyping has been a continuous march 
toward increasing cost, formality, complexity, and time—with decreasing 
focus on learning. In many companies there are separate departments and 
specialists to create and test elaborate prototypes. They get really good at 
prototyping, but have limited understanding of the reason for the proto-
types and what needs to be learned from them. This has led many compa-
nies to conclude that physical prototyping is an unaffordable luxury to be 
replaced, if possible, with computer models and simulations. 

Virtual prototypes can be powerful and help to streamline the testing 
process, but a blanket elimination of physical prototypes in the develop-
ment of physical products is usually a bad idea. The purpose of proto-
types is learning, for closing those critical knowledge gaps in performance, 
design interfaces, manufacturability, and even safety. There is something 
very powerful in the ability to touch, study, and share physical proto-
types—to engage all your senses. Simple physical prototypes can definitely 
speed learning and enhance collaboration. 

One reason virtual prototyping seems attractive is because of the time 
and expense to design and create physical versions. We do recognize that 
increasingly sophisticated physical prototypes not only are very expensive 
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and time consuming, but often require highly specialized technicians to 
create, which often removes engineers and developers from the process 
and, consequently, dramatically reduces learning potential. But instead of 
eliminating physical prototypes, let’s figure out how to learn even more 
from prototypes that are faster and cheaper to create.

We think companies should creatively pursue the lowest-possible- 
fidelity prototype required to learn what is needed at a given point in a 
project. Overly complex and elaborate prototypes are another example of 
point-based design: You rapidly converge on the best solution. You make 
it as complex as the actual product. You ignore that which you specifically 
are trying to learn. Teams are not sure of the needed knowledge or what 
or how to test, so they compensate by creating an expensive duplicate of 
the product. At this point they feel committed to the design solutions 
embedded in the prototype, and only extreme issues will lead to a design 
change. To avoid this trap, use prototyping as part of the set-based conver-
gence process and think deeply about the purpose. What are the specific 
hypotheses you are trying to test at this point in design? What is a simple, 
inexpensive, and fast way to test your hypothesis? Now you are thinking 
like scientists. Very rarely do prototypes tested in a scientist’s laboratory 
remotely look like a saleable product.

Schilling Robotics and Prototyping Low-fidelity prototyping is a message 
Tyler Schilling, founder of Schilling Robotics Company, has been delivering 
for years. Schilling builds incredibly complex ROVs (remotely operated 
vehicles) that are capable of completing very difficult and detailed tasks at 
4,000 meters (13,123 feet) below sea level. His ROVs are so successful that 
they represent more than a 40 percent market share and growing fast, and 
the company’s manipulator arms, perhaps the most difficult and important 
part of the product, control more than 95 percent of the market. 

But Schilling observed a disturbing trend. He had noticed that over the 
years engineers were requesting ever more elaborate and expensive proto-
types to test their ideas. Rather than jump to computer models and drop 
physical prototyping, he challenged his engineers and program leads with 
a simple question: 

“How would you prototype this if a meteor was about to strike earth 
tomorrow morning and all of civilization was going to be wiped 
out, unless you are able to build this prototype today? So engineers 
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quickly forget about catalogues, machine shops, and outsourcing. 
Instead they looked to metal, fittings and fasteners that are lying in 
stock, welders, small pieces of wood, and glue guns. And virtually 
every time we are very quickly able to create a functional prototype 
to help resolve the issue.”

While some may find such prototypes “ugly,” Schilling knows that 
“having this knowledge now—instead of four to six weeks from now—is 
far more valuable than the fancy version would have been. We will make 
it beautiful later,” he explains.

Prototyping on the Atlas Actuator Arm Scott Fulenwider, a 12-year 
veteran at Schilling, has used the hands-on, “minimalist” approach many 
times and believes it not only speeds learning but also serves to deepen 
learning for engineers. Schilling leverages a full suite of sophisticated, 
state-of-the-art CAD and simulation tools, which are excellent for certain 
aspects of development. However, experience has shown that it is not as 
good for other aspects, such as maintenance access for humans or highly 
flexible parts of the product (e.g., hoses and wires). 

While developing a product named Atlas, Fulenwider and his team 
were challenged to design and build an actuator arm that would be much 
stronger than anything currently available, with increased levels of preci-
sion and flexibility. He knew that one of the most difficult technical prob-
lems to solve on this arm was the “pitch-yaw joint,” which required the last 
three joints to be as closely coupled as possible and still achieve strength 
requirements. Linear actuators were required to move the joints, and these 
hydraulic actuators required hoses running through the center of the arm 
to provide power. The design challenge was to weave these hoses around 
the actuators and other mechanisms so that they never kinked or became 
bound up under any circumstances. 

Fulenwider remembers walking out of a design review, during which 
the team reviewed the design in CAD, and feeling like he had “nailed 
it.” Still, he could not help but wonder why Willie Klassen, one of the 
brightest guys in the company, had been skeptical about the design during 
the team dialogue. Fulenwider respected Klassen and his experience, so 
decided to test his own assumptions. 

With Schilling’s hypothetical meteor story ringing in his ears, he headed 
down to the prototyping area and set out to build a low-fidelity model 
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that would prove out his design. He printed out some screenshots of the 
design; drew them out on pieces of wood; and sawed, glued, and fastened 
together a rough working model of the critical aspects of the arm. He 
realized almost instantly that the arm would not work. Fulenwider imme-
diately called the people on his team together, and they studied the issues. 
They continued to think through alternatives and rapidly built prototypes 
by hand, increasing fidelity to better represent system operating context, 
and within three weeks the team was able to come up with a design that 
met or exceeded all requirements.

Had the team proceeded in development without the simple, cobbled- 
together prototypes, the problem would not have been discovered until 
much later in the development process. Consequently, time would have 
severely limited the design options, and the team likely would have had 
to settle for a much larger, heavier, and more expensive arm in order to 
meet the strength requirements—and one with less operating precision. 
Exploring the solution space with simple prototypes built by the design 
team enhanced creativity and provided a far better design.

Schilling Prototyping for Software Development Schilling Robotics 
also applies this same principle of targeted-fidelity prototypes to software 
development and user interfaces. On a program called Gemini, the 
company combined this strategy with the Menlo HTA process. Existing 
ROV user interfaces (UIs) were complex and required very experienced 
operators, who were both high-priced talent and in very scarce supply. 
An HTA pair consisting of Valerie Cole, Schilling’s software lead on the 
program, and Garry Everett, customer liaison, was determined to change 
this. The objective was to make controlling the breakthrough Gemini 
ROV completely intuitive so that less-experienced operators could become 
proficient in a relatively short period of time. 

“I would look at some of the existing UIs, and they were so complex 
my brain would shut down,” said Cole. “They were designed by engineers, 
who felt compelled to make every possible bit of information available to 
the operator.” This resulted in numerous complaints about how difficult 
the UI was even for experienced users. The two partners faced a big task.

As a software development veteran, Cole was familiar with the persona 
process and storyboarding. However, the process that had been used by 
Schilling Robotics required tons of programing work and fairly long lead 
times just to produce a minimum viable product. This significant invest-
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ment made it very unlikely that the engineers would make major changes 
to a UI even when they found issues. They were far more likely to create 
overlays to solve the problem, and, consequently, prone to add complexity. 

Cole and colleagues were looking for an alternative approach, and 
they were intrigued when they learned about Menlo’s process of hand- 
drawing various UI designs and working directly with potential users to 
get feedback, make fast and easy updates, and converge on a potential 
solution. Cole explained, “We saw our lean coach working with the hard-
ware guys on set-based, low-fidelity prototypes and getting good results, 
so we thought the Menlo process would give us an opportunity to apply 
this same thinking to our software world.”

First, the team members worked on identifying their target persona. 
Because they were trying something very different for their industry, per-
sona development would be critical. They spent significant time meeting 
with experienced people both inside and outside Schilling Robotics. They 
visited sites to observe different people in their roles. They spent a great 
deal of time debating, updating, switching, and refining their targets, and 
they even brought in some Menlo experts to help. 

They ended up with “Chet” at the center of their persona target. Chet 
was young, bright, a bit brash, and very familiar with game consoles and 
smartphones (a natural and integral part of his life). He also has worked 
several years in the industry. A secondary target was “Hank,” who is Chet’s 
supervisor. Hank is more experienced, has a strong skill set, and is good 
at mentoring. Hank protects his knowledge, however, in order to create 
scarcity and increase demand for his skills. He is not the user for whom 
the UI is intended.

Then the team members brainstormed ways to design an ultra-simple 
UI, and they hand-drew hundreds of potential screens. They eventually 
selected three “design kits” (series of UI screens) for user testing:

■■ A “hand-holding” version, nicknamed “The Baby Sitter,” led the user 
through every little step.

■■ A “Don’t Know, Don’t Care” kit did not show any information that was 
not currently required.

■■ A version that was closer to their more traditional approach, “Control 
Freak,” was not as complex as screens currently in the field, but it still 
provided a great deal of feedback to the operator.

01_LikerMorgan.indd   60 8/15/18   10:01 AM



Creating the Right Product  61

They then packed up their design kits and went to work at the customer 
site. The only problem was that they could not find any “Chets” because 
they were all working out in the field. In fact, the people who had been 
tagged by their customers to review the design kits were closer to being 
Hanks (supervisors) than Chets (field users). Cole and Everett agreed to 
try the review process with the available Hanks since they were the only 
people available. This was a big mistake. 

In one round, Cole acted as the “CPU,” changing paper UIs based 
on participant input, while Everett took copious notes. The participant 
became extremely frustrated and angry because Cole would not tell him 
what to do when he struggled with the UI. He was used to having all the 
answers and was very uncomfortable. In fact, as they worked their way 
through the participants, it became clear that the persona mapping would 
not be successful without the right person. They explained what they were 
looking for in more detail to their customer, and finally they found a guy 
whose flight out to a rig had been canceled and who was still hanging 
around the offices. He was perfect, and, indeed, he was Chet. From there 
it was easy to find more Chets, and the learning came fast and furious for 
Cole and Everett.

While working with the users, Cole and Everett were surprised by a 
number of discoveries they made. For example, the Baby Sitter design 
kit took you through the process step by step, “wizard style.” It had a 
breadcrumb trail at the bottom showing your progress as you went along, 
and the team was particularly proud of this feature. Not one user even 
noticed it. In another design kit the UI was split in half so that the user 
could minimize one-half of the screen while focusing on the other. The 
designer placed huge arrows right in the center of the screen. Not one 
person understood what the arrows did, and several did not notice them.

When Cole and Everett returned to Schilling Robotics, they excitedly 
gathered the team around to share what they had learned. They placed 
sticky notes next to specific design features with feedback from the trials, 
like “this button never used,” or added a smiley face for successful features. 
They worked through the information, looked for patterns, and developed 
hypotheses about what was going on that they could test during the next 
round. They organized these into a “hypothesis grid” (Figure 1.3), which 
helped them to capture the insights and incorporate them into the next set 
of design kits—then they debated some more.
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In the subsequent round with users, they combined their updated 
design kits with a bit more fidelity, adding a video and improved controls 
to their pencil-and-paper UIs. The hardware guys had developed working 
prototypes of the actuator arm, and in the next round Cole and Everett 
plan to incorporate videos of the arm at work along with new design kits 
to better represent the user experience and refine their designs again. 

This combination of building low-fidelity prototypes, using a set-based 
approach, and working directly with users on experiments proved so suc-
cessful in saving time and money and creating a superior UI that Schilling 
Robotics is working toward making it standard on software projects.

The point, of course, is not to reduce all prototypes to cardboard, wood, 
and paper. The point is to get out of debate mode, identify the most effec-
tive, easiest way to test ideas or solve problems, and go do it. Surprisingly, 
even for highly sophisticated products, the answer may be lower fidelity, 
cost, and time than you may think necessary.

Figure 1.3 Hypothesis grid
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Testing Product Ideas Through Experimentation at FirstBuild 
We have seen how thorny problems can be solved, hypotheses tested, and 
designs optimized early in the program through targeted-fidelity proto-
typing. But what if your challenge is to understand if a completely new 
technology will sell? The idea of creating a minimum viable product 
(MVP) was popularized by Eric Ries in his bestselling book, The Lean 
Startup.22 While we have heard from companies that they have been doing 
this for many years with concept testing, Ries encouraged companies to go 
further, put their concepts to the ultimate test, and see if customers would 
actually pay money for those products. 

While The Lean Startup community focused primarily on software 
applications for small start-up companies, Kevin Nolan, chief executive 
officer at GE Appliances (now owned by Chinese company Haier), was 
determined to adapt this idea to relatively complex consumer products 
hardware. He wanted a fast, low-cost way to put GE Appliances’s prod-
uct ideas to the ultimate test. What’s more, he wanted a way to engage a 
broader community to generate new product ideas. 

As with all good lean practitioners, Nolan started by understanding what 
problem he was trying to solve. The GE Appliances “hit rate” on new tech-
nologies was about average for the industry, but it was lower than some of 
the newer competitors. He wanted a way to increase his new technology 
success rate. After benchmarking companies around the world and con-
ducting numerous internal experiments, Nolan decided he had to turn the 
traditional technology development process on its head. Instead of devel-
oping products in secret, he wanted to find a way to more directly link 
innovation with his customers—to codevelop new technologies in the open 
and make speed his competitive advantage. This was the birth of FirstBuild.

FirstBuild is a 35,000-square-foot design/engineering space and 
microfactory located adjacent to the University of Louisville campus in 
Kentucky, about eight miles away from GE’s famous Appliance Park, 
where GE Appliances annually manufactures millions of appliances. 
FirstBuild has the capability to do most kinds of small-scale manufactur-
ing and assembly of wood, sheet metal, and plastic. Laser cutting, forg-
ing, welding, forming, pressing, multiple types of 3D printing, and even 
an extremely flexible assembly line are available. The workspace also has 
CAD-capable computers, manual and electronic whiteboards, hand tools 
of every type, various raw materials, and a selection of printers. Directly 
outside the glass-walled workspace are a demonstration area and a new 
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product showroom, where new products are available for anyone to exam-
ine and test. But facility capability is just the tip of the iceberg.

When entering FirstBuild, the creative energy is palpable. As you look 
past people examining the new product displays, you see several small 
groups huddled around mock-ups, whiteboards, and renderings. Staff 
members work on large wood tables in the design space, while makers 
and artists wearing safety glasses are scattered throughout the shop area, 
operating equipment both high tech and ancient, while others evaluate an 
assembly process in minute detail. 

Jim had the opportunity to work with the FirstBuild team, and Nolan 
explained to him, “We encourage the collision of ideas.” Engineers—on 
both their own time and the company’s—mix with students, faculty from 
the university, and people “off the street,” working on technologies both 
simple and complex, all under the watchful eye of expert technicians who 
are available to guide and assist. It is this energy and enthusiasm Nolan 
works hardest to protect: “It’s passion that drives this place. We love it and 
want to protect it at all costs. It’s the first place I have experienced where at 
the end of the workday, people will want to start working on their projects.” 

But, of course, creative energy does not necessarily translate into prod-
uct success. GE Appliances solicits and accepts input from a large com-
munity, both online and in person. But all ideas must be subjected to 
rapid, real-world validation testing. The leaders of FirstBuild are highly 
skeptical of market research, and like opinions even less. They believe the 
true test is if people are willing to pay money. This often makes engineers 
and designers—who are usually convinced that they have the next great 
idea—uneasy. Sometimes FirstBuild will test ideas by “crowd funding” 
online, not for the cash to develop the idea, but for the opportunity to 
test idea validity. Then the staff might quickly build a small number of 
“good-enough” concept products that will be available for sale online and 
through FirstBuild’s new product display area. This work has led to both 
technology successes and failures, and the staff members learn from both.

One success story is chewable ice. This is an idea that was kicking around 
GE Appliances for some time but could not get any interest from program 
teams. Team leaders thought it was a stupid idea that would never sell, 
and consequently, it never got traction in GE’s traditional development 
system. One of the FirstBuild teams picked up the idea, got crowd funding 
on Indigogo, and built both countertop- and in-refrigerator versions. The 
product was a big hit and is generating millions of dollars in profit. 
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As the team members reflected on the sales data from the chewable 
ice program, they discovered that the vast majority of sales were from the 
U.S. Southwest, especially Texas, and that they had very few sales in the 
Northeast. Interestingly, the team leaders who had previously rejected this 
idea were all from the Northeast.

Another success story is home pizza ovens. These are high-end spe-
cialty ovens with huge margins, but equally large development and build 
costs, at least in a traditional development system. With these constraints, 
the idea could never really get started within GE. However, broad-based 
FirstBuild community response and rapid concept sales provided evi-
dence that there was a very passionate customer base. By working on both 
design and manufacturing process costs and leveraging the unique capa-
bility of FirstBuild to create low-volume, highly customized products in 
its microfactory, GE Appliances was able to introduce a highly successful, 
high-margin-generating product that likely would not have been possible 
in the traditional way.

One of the ways that FirstBuild kept fresh ideas flowing was to borrow 
another idea from the software community—“hackathons.” Hackathons 
started off as software people coming together and coding. They tried to 
hack into things and create things that hadn’t been done before with the 
existing code sets.

In this case, hackathons “morphed into a ‘hack together appliances 
and ideas,’” says Sam DuPlessis, manager and one of FirstBuild’s found-
ing members: “It’s not just coding, it’s electronics, it’s physical, putting 
together some idea that you have in a weekend and try to make an event 
out of it and give it a challenge. [We] create prizes for the best concepts 
so that the best ideas can also win some money. GE Appliances gets hun-
dreds of excellent ideas, some of which actually become products.”

“Hackathons are a unique way to just drive creativity.” adds DuPlessis. 
“There are people that are very passionate that want to come in, and we 
[do that] over the weekend. Sometimes, they bring their own team in. 
They’re doing that potentially for prize money, but mainly it’s an atmo-
sphere of creativity that drives people to come in and do that. At [the] 
Appliance Park Engineering Center, they are constrained on what they 
can do on big programs by requirements for high-volume production. 
The engineers can come back here and really play and develop the stuff 
that they don’t have the ability to do in their day-to-day job. That really 
intrigues some people.”

01_LikerMorgan.indd   65 8/15/18   10:01 AM



66 Designing the Future

Hackathons have produced some great ideas for GE Appliances. Some 
hackathons are themed, such as “The Future of Cooking,” but that tends 
to constrain individuals to the topic, such as things found in a kitchen, 
according to DuPlessis. Others, like “Mega Hackathon,” have no theme. 
The first Mega Hackathon brought together 250 people, many who were 
then assigned to teams. Teams often arrive already formed, but as just 
noted, FirstBuild also will facilitate teaming. DuPlessis notes, “They come 
in with their skill set usually on a badge, and we’ll tell them, ‘Hey, if you’re 
a design engineer, maybe you want an industrial designer on your team so 
that not only would you have a good functional product, but it’ll also have 
good usability and appearance as well. You can really have a nice-looking 
idea at the end of the weekend.’”

FirstBuild will also feed ideas to teams. “We’ll have a board full of 
things that FirstBuild wants to work on,” says DuPlessis. “We just hadn’t 
had time to do it. If they like that idea, they can go pull it off the board, 
and that could be their project, or they could have their own idea. From 
there, we’re really just facilitating them creating. We’re giving them the 
materials and the space to whiteboard stuff out, to brainstorm, to go get 
samples, to do group prototypes. . . . We bring in appliances. We have 
a cool graveyard of old appliances, and let them just pull parts or create 
something out of one of the old appliances.”

Suppliers also participate in the hackathons. “We probably had 20 sup-
pliers that brought up the level of hacking by bringing their materials and 
teaching people how to use it,” recalls DuPlessis. “For example, 3M came 
with a large engineering support team. They’re there to train you on two-
part adhesives, adhesive tapes, or whatever products they had.” Suppliers 
frequently work with GE Appliances engineers to use technologies that 
would be difficult to introduce at Appliance Park, where people are hesi-
tant to try new stuff on high-volume products. At FirstBuild, the technol-
ogies can be trialed and even put into low-volume production and tested.

FirstBuild philosophy and hackathons go beyond commercialization 
of successful products. In one instance the FirstBuild team and Louisville 
Water came together in support of a local charity called WaterStep. 
WaterStep’s mission is to provide clean water to underserved areas of the 
world. The charity has responded to many natural disasters, the latest 
being the 2017 hurricane in Puerto Rico.

WaterStep had been buying chlorine gas generators for purifying water. 
These units run off car batteries and had a very high cost. They’re pretty 
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versatile devices, easy to use, and rugged, but they’re quite expensive, and 
the price tag was severely limiting WaterStep’s ability to help communi-
ties. It also had no control over availability. When a disaster struck and 
WaterStep tried to buy the devices, it could never get enough.

FirstBuild formed a team with the Louisville Water Company and engi-
neers from GE, which set out to design a new chlorine generator that the 
charity could make itself. “One of the points was [that] we wanted to 
design it so they could be built by anybody looking at the normally avail-
able tools,” says DuPlessis. “The team followed the lean principle that first 
you look at your manufacturing capability and design for that. We wanted 
a readily available part, so we built it all out of plumbing parts, with very 
simple machining operations. With that in mind, we got a solution for 
them that reduced the cost by 80%.”

The FirstBuild units had the same capabilities of the more expensive 
generators, if not actually enhanced, and the new generator was five times 
more effective for WaterStep’s donation dollars. Thousands have been dis-
tributed all over the world.

In the spirit of continuous improvement through experimentation, 
FirstBuild recently held a hackathon dedicated to further improving these 
devices. About 18 teams of engineers and designers showed up to answer 
the challenge and compete for prize money. One of the winning ideas was 
a solar-powered chlorine generator, developed by a team that included 
two of DuPlessis’s sons.

Of course, not every FirstBuild product is a success. In fact, most fail. 
But the goal is to fail fast and inexpensively and learn from the expe-
rience. One such example is cold-brew coffee. Many people inside GE 
Appliances were passionate about technology that enabled the brewing 
of cold coffee in less than 10 minutes, while retaining the same taste and 
quality of beverages that required 24 hours of cold brew. GE Appliances 
staff were so positive that it would be successful that they were set to 
introduce it into the traditional GE development process. Someone 
suggested they first test it through the FirstBuild process, and to their 
surprise, it failed to generate any reasonable support. Now the team is 
working to learn from this experience and understand exactly why this 
product failed. By dissecting this very inexpensive and fast failure, the 
team hopes to deeply understand the root cause of the failure. Through 
this learning, perhaps the product will reemerge in a modified form and 
go back through the process again.
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While there is still work to do at FirstBuild, like connecting its work 
more effectively to GE Appliances’s product planning and large-scale pro-
gram teams, it is obvious that FirstBuild is having a significant impact on 
the way the company thinks about developing new technologies. Based 
on the successes in Kentucky, GE Appliances is expanding the FirstBuild 
factory and opening a new one in Shanghai. 

We think FirstBuild provides a strong example of how to quit arguing 
over ideas and find creative ways to test hypotheses. It has allowed GE 
Appliances to accelerate its innovation process and put product concepts 
to the ultimate test: Will customers buy the product? 

The Concept Paper to Align and Enroll
Let’s assume your development team has done a great deal of work going 
to the gemba, prototyping, experimenting, and testing with an aim to 
close critical knowledge gaps about the customer, the environment, the 
product, and risks. That’s great. But it is not enough to merely answer 
questions and gather information about the product and the customer. 
That information must be turned into a clear and compelling vision for 
the product, prioritized performance characteristics, and a delivery plan 
that is shared with those who will help to deliver the program. The con-
cept paper is developed and evolved during the study period, not just 
written at the end, and it is, in a sense, the “product” of the study period.

We described in our previous book how the concept paper, also known 
as the chief engineer’s vision inside Toyota, can be the culmination of 
many months of research, experimentation, and debate between the CE 
and key members of the team. The document rarely exceeds 25 pages and 
includes detailed quantitative and qualitative goals and objectives for the 
product’s performance, as well as system-level targets for cost and qual-
ity. It also includes project scope and schedule and provides a high-level 
financial justification for the project. But perhaps most importantly, it 
provides a compelling vision of what this product must be and what must 
be accomplished in order to deliver that vision. It should both inform and 
inspire the development team. 

There are three primary steps when developing a concept paper: com-
pile data and information, align with key stakeholders, and enroll the 
extended team. 
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Compile
The first step in writing the concept paper is to synthesize the enormous 
amount of information that has been learned during the study period. 
During a highly interactive process, the CE and the core team work 
through all the information, synthesize it, and integrate it into a single, 
coherent description of the product—a vision of what the product needs 
to be and how it will deliver unique value to the customer.

Deciding what to leave out is as important as what to put in. Just 
because we can, does not mean we should. It is about focusing on the 
customer and context that is key here. What problem will this product 
solve for the target customer? What does the customer value? What is the 
experience we are trying to create? What are the key risks? What knowl-
edge gaps need to be addressed in the development process?

Too many companies rely heavily on customer and marketing studies and 
rationalize bad decisions by saying, “That’s what they asked for.” The best 
CEs make the product their own and take full responsibility for any failures 
in the program. The CE adds value at this point by knowing the product 
potential better than anyone else and synthesizing that with the intimate 
customer and context knowledge into a compelling vision of a successful 
product. Anyone can create a list of customer desires. That is not what the 
CE does. It is his or her responsibility to prioritize, adapt, and add value to 
the information in order to create a product that will be truly successful.

In our work with companies, we have found that just the exercise of 
writing the concept paper helps the CE check his or her own thinking. 
It helps CEs refine their vision, prioritize product attributes, identify 
high-priority risks, and check their own logic. CEs report that when they 
start to create a concept paper their thinking is surprisingly fuzzy, that 
their priorities are conflicted, and that their vision is not sufficiently com-
pelling. The process of creating the concept paper forces them to resolve 
these issues. 

Compiling a concept paper is a challenging process that helps to 
develop a detailed product vision. The next step is to build organizational 
buy-in—align—and truly put that vision to the test.

Align

While the CE is the undisputed leader of the project, his vision must be 
understood and endorsed by the larger organization, and the organization 
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has to begin the process of developing plans to support the program. It 
is important to involve key leaders and other critical stakeholders in the 
program early on when the concept can still be revised. To that end, the 
CE visits with key decision makers and shares the concept paper as it is 
being created, to both explain the vision and get input from these experts 
and leaders. This is the beginning of building support and enthusiasm 
for the project. The best CEs know that this is the time to begin creating 
excitement. This is also the kickoff for each group to generate its own 
vision and requirements for its subsystems that will align with the CE’s 
overall concept and plan.

A general guideline for these discussions is that while the CE owns 
“what the product needs to be,” functional leaders own “how the product 
vision can best be achieved.” As the experts on their disciplines, functional 
leaders are responsible to find the best path forward to deliver the critical 
attributes of the CE’s product vision while meeting targets on cost, quality, 
and timing. The CE will push and stretch functional groups to maximize 
customer value, while the functional expert—also pushing the art of the 
possible—must keep the discussion grounded in reality. Supporting the 
CE does not mean always saying yes, but it does mean working alongside 
the CE and experimenting often as alignment is sought. Multiple visits to 
key leaders are often required, as the CE must make required trade-offs 
between disciplines, and suppliers, in the best possible way to deliver the 
overarching product vision.

By the end of this process there should be a solid multilevel plan to 
deliver the product, with critical characteristics clearly prioritized, major 
risks and mitigation plans identified, and at least a high-level plan of who 
will do what by when in order to deliver the product. The CE is obliged 
to make sure that the vision for the program is clearly understood, and 
functional leaders and other key decision makers must take full ownership 
of their commitments. Going forward, the concept paper will serve as the 
contract between the program team and functions, and it will provide 
guidance for the thousands of decisions that will have to be made as the 
project progresses.

We asked several successful CEs how they would escalate issues where 
they had difficulty aligning with engineering leaders, many of whom 
outrank them organizationally. They had essentially the same response 
(paraphrased): “If we have to force them to comply by appealing to more 
senior leadership, we have already failed. Yes, we could go to the top of 
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the organization, but we want the power of our ideas to enroll them in 
the program. We want those ideas to excite and drive them to want to be 
a part of the program. If they do not, perhaps we do not have the right 
vision.” We think this provides an important insight into both the nature 
of successful CEs and the nature of the alignment period.

We discussed the CE of the first Lexus model, Ichiro Suzuki, and his 
no-compromise goals. We want this and that. That was easy to say, but 
there is a reason there were trade-offs. It was not yet known how to achieve 
both simultaneously. For example, he wanted powerful engines that were 
quieter than any automotive engine on the market. That was traced back 
to the need for tighter tolerances for machined parts. The vice president of 
powertrain, who outranked the CE, at first simply laughed at the request. 
It would require reducing variation in the parts below the variation of 
machine tools, and Toyota already had the best machine tools in the 
world. Impossible! 

Suzuki was arguably working on the most important product in the 
company at the time. Yet he did not rush to see the president, nor did 
he compromise. Instead he asked the vice president to humor him and 
hand-build one engine that met the specifications. “We can build one of 
anything. The problem is mass-producing it,” replied the VP. Still he had 
his best people build the engine and then try it out in a vehicle at the test 
track. One by one the engineers came out of the car exclaiming they had 
to find a way to mass-produce an engine like that. And they did!

Enroll

After gaining agreement on plans with the senior leaders, the broader 
team must learn what product it is developing and why—why it matters, 
how it will compete, and how it will differentiate itself in the market. A 
CE needs to be sure that all the members of the team are working to create 
the same product, that they understand their role in creating it, and that 
they are excited about the program. The starting point for this process is 
sharing the concept paper broadly with everyone who will be working on 
the project. 

At Toyota, for example, about 100 copies of a concept paper are distrib-
uted to the critical members of the development team. The distribution in 
Toyota is limited to a fraction of the total personnel working on the project 
for security reasons. However, those 100 people are in key positions from 
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which they can provide needed information as required to other members 
working on the program. For smaller teams, we recommend sharing the 
concept paper with the entire team. The information from the concept 
paper then becomes the starting information on the obeya walls—the cen-
ter of all future program discussions. Pictures, graphs, sketches, schedules, 
and targets spell out the purpose of the team. In the obeya, the people on 
the team track their progress against the timing, goals, and objectives of the 
program over time, never losing sight of what it is they are trying to create.

Another way to reach out to a broad team is with a program kickoff 
event, structured around the concept paper. This is often an undervalued 
part of the process and is frequently viewed as compliance to a process 
requirement. Yet when properly executed, these events can be an import-
ant step in engaging the team members, getting them excited, making 
sure they truly understand the value proposition, and helping them to 
understand their role in delivering it. Remember, “enrolling” your team in 
the project is a very different thing from directing the team or just com-
municating to the people on the team about the project. You are trying 
to get them to internalize the value proposition—to make delivery of the 
project a personal priority. Consequently, these events are very interactive 
with many questions and even challenges. This actually gives the CE an 
excellent opportunity to share what everyone has learned through the long 
study process. Effective kickoff events often incorporate elements from 
the concept paper and communicate renderings, early prototypes, or other 
aids to bring the team up to speed. 

Another tool that helps to communicate the product vision is story-
boarding. Humans are visual by nature, and engineers seem to be even 
more visual than average. Borrowing a common practice in creating mov-
ies or software and one that is routinely used by companies like Pixar, 
Schilling Robotics uses visual images on storyboards to communicate its 
futuristic vision of advanced underwater vehicles. Such was the case for its 
Gemini program in which tool change and sophisticated task capabilities 
were communicated in a kickoff meeting through a series of storyboards. 
One of the key new attributes of the Gemini ROV is its ability to change 
tools under water and accomplish multiple tasks without needing to 
surface—a significant competitive advantage. In the Gemini storyboard 
(Figure 1.4) the leader used a series of simple sketches to communicate the 
vision for this capability. These simple sketches generated a great deal of 
debate and discussion and, ultimately, resulted in a far more aligned team.
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Figure 1.4 Storyboarding Gemini’s path-breaking capabilities

Program leaders engaged the team in discussion around storyboards, 
making updates and modifications as they reviewed the renderings. The 
storyboards and the collaborative way in which they were shared in the 
kickoff meeting helped to promote robust dialogue among team mem-
bers. Leaders credit the storyboards with engendering a deeper under-
standing of the future product, which otherwise would not have been 
possible. Use of storyboards during the kickoff meeting also identified 
critical knowledge gaps and high-risk areas and helped to generate poten-
tial countermeasures and even some initial experiments for the program. 
The storyboards remained up in the obeya as a visceral reminder to the 
team members of the vision for the product and their intent to once again 
revolutionize their industry.

In Summary
Successful development starts with fleshing out a strong product concept 
and identifying critical knowledge gaps to be closed. This seems obvious, 
but for some reason it seems to be a weak point of many development 
programs. We often hear that “senior management” is in a rush and does 
not want to take the time or allocate sufficient resources up front—the 
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most critical part of the development process. We included a good deal of 
advice about how to do front-end loading the right way in this chapter. 
We can think of it as a four-step convergence process (see Figure 1.5):

1. Deep understanding of customers. Data is useful to get a sense 
of the population characteristics of the customer base, but true 
understanding requires deep immersion at the gemba, that is, where 
customers are. It requires an emotional connection and empathy in 
addition to direct observation to create great designs. 

2. Set-based design. Instead of jumping to a point solution and trying 
to make it work through iteration, in set-based design we broadly 
explore the solution space before committing to a particular solu-
tion. Different functions should explore the solution space concur-
rently while working together to find connection points. 

3. Experiment to learn (PDCA). Think like a scientist with a healthy 
skepticism. What appear to be “great ideas” should be tested. Don’t 
waste time just arguing about it. Each experiment is an opportunity 
to learn to inform the next experiment. Targeted prototyping is a 
great tool for rapid PDCA learning.

4. Concept paper. The chief engineer’s concept paper is a culmination 
of the broad exploration and then convergence in what some call 
the “fuzzy front end.” Ideas are intentionally fuzzy when we start 
the conceptual design phase so that we can explore broadly, but the 
concept paper is very concrete. It is more than a report. It is a culmi-
nation of a great deal of learning and a great deal of internal debate 
and discussion aimed at aligning and enrolling key stakeholders to 
commit to the vision. It serves as a launching point for all the engi-
neering work that will discover ways to achieve the vision.

Figure 1.5 Front-end loading to narrow and focus development

01_LikerMorgan.indd   74 8/15/18   10:01 AM



Creating the Right Product  75

LOOKING AHEAD
In the next chapter we will examine the execution phase of detailed engi-
neering, tool, and process development. We will share examples of prac-
tices and techniques that speed the time to market and ensure precise 
execution.

Your Reflection
Creating a Vision

We cannot pretend that it is possible to predict the future of your new 
products and services with 100 percent accuracy if you do these things. 
We are confident that you will get in the ballpark more often and even hit 
some home runs. The vision we laid out for how to get the product right 
the first time is:

■■ The development program is headed by a visionary leader who has the 
technical, business, and social skills to develop and sell a compelling 
vision for the program. 

■■ Sales and marketing support the visionary leader with market research 
data and facilitate visits to the gemba to deeply understand the custom-
ers and context of use.

■■ Direct observations of customers and the context lead to a feeling for 
what will emotionally connect with customers.

■■ Your best people are part of a cross-functional team in the “fuzzy front 
end” who take the time in a defined study period to broadly explore the 
solution space.

■■ The project team (or subgroups for large projects) explores alternatives 
through sketches, mock-ups, targeted-fidelity prototypes, and rapid 
experiments.

■■ Broad input from downstream groups, like manufacturing, and from 
customers testing models and prototypes continually informs the con-
vergence process.

■■ The senior leader (CE) develops a concept paper and broadly circulates it 
to get feedback and to build consensus.
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Does this vision fit what you think is needed in your company? How would 
you revise this vision to better fit your company’s situation?

Your Current Condition

1. Are your products meeting expectations? What are the key issues or 
opportunities to improve?

2. How do you use your time on the front end to understand the cus-
tomer, environment, and risks early in a product program? How can you 
improve? 

3. Do you generate sets of potential solutions and converge or iterate on a 
single solution?

4. How do you use sketches, models, and prototypes to close your knowl-
edge gaps at the front end of the program? 

5. How do you communicate and enroll the team in the product vision?

6. What are some areas of high concern that would be worth working on 
right away?

Taking Action

Pick one of the high-concern areas and write down some ideas for how to 
get started working on it. Some possible directions might include:

1. Ways to deeply understand the customer and the context in which a 
product is used and to determine what the product must be. Try doing 
it through direct experience of the developers so that they can expe-
rience firsthand, viscerally, what the product needs to be—not filtered 
and published by another organization, such as marketing.

2. How to learn through experiments and targeted-fidelity prototypes—
hands-on learning and direct experience. 

3. What would go into a concept paper.

4. An approach to align and enroll the team in delivering the vision repre-
sented in the concept paper. 

01_LikerMorgan.indd   76 8/15/18   10:01 AM




