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Why Business Experimentation Matters to Industrial
Innovation1

At the heart of every company's ability to innovate lies a process of experimentation that enables the organization
to create and refine its products and services. In fact, no product can be a product without it first having been an
idea subsequently shaped through experimentation. Today, a major innovation project involves literally thousands
of experiments, all with the same objective: to learn, through rounds of organized testing, whether the product con
cept or proposed technical solution holds promise for addressing a need or problem. The information derived from
each round is then incorporated into the next set of experiments, until the final product ultimately results. In short,
innovations do not arrive fully-fiedged but are nurtured-through an experimentation process that takes place in la
boratories and development organizations. In this brief article, we will examine the role and importance of busi
ness experimentation to industrial management and emphasize the need for senior management's involvement.

I The material in thi chapter comes in part from Stefan Thomke, Experimentation Matters, HBS Press, 2003. Ir has also
been published (in German) in Innovationen - Verspechen an die Zukunft, edited by Thomas Ganswindt. Hamburg: Hoff
mann und Campe, 2004.

AChallenge in Industrial Manage
ment

All industrial organizations have an
- explicit or implicit - experimentation
process, but few senior managers orga
nize that process to invite innovation.
In fact, the book In earch of Excel
lence noted years ago:

"The most important and visible
outcropping of the action bias in the
excellent companies is their willing
ness to try things out, to experiment.
There is absolutely no magic in the ex
periment. Ir is simply a tiny completed
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action, a manageable test that helps
you learn something, just as in high
school chemistry. But our experience
has been that most big institutions
have forgotten how to te t and learn.
They eem to prefer analysi and debate
to trying something out, and they are
paralyzed by fear of failure, however,
smal!.'"

This holds especially in the deve
lopment of new products and services,
where no idea can become a produet
without having been shaped, to one

I Peters and Waterman (J982). In
Search of Excellence. New York: Har
per& Row, pages 134-135.

degree or another, through the process
ofexperimentation. But experimentati
on has often been expensive in terms
of the time involved and the labor ex
pended, even as it has been essential in
terms of innovation. What has chan
ged, particularly given new informati
on-based technologies available today,
is that it is now possible to perform
more experiments in an economically
viable way while accelerating the drive
towards innovation. Not only can more
experiments be run today, the kinds
of experiments possible is expanding.
Never before has it been so economic
ally feasible to ask "what-if" questions
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and generate preliminary answers.
New technologies such as computer
modeling & simulation and rapid pro
totyping enable organizations to both
challenge presumed answers and pose
more questions. They amplify how in
novators learn from experiments, cre
ating the potential for higher perfor
mance and new ways of creating value
for firms and their customers. At the
same time, many companies that do
not fully unlock that potential because
how they design, organize, and mana
ge their approach to innovation gets in
the way. That is, even deploying new
technology for experimentation, these
organizations are not organized to cap
ture its potential value - in experimen
tation, in innovation.

"Experimentation" encompasses
success and failure; it is an iterative
process of understanding what doesn't
work and what does. Both results are
equally important for learning, which
is the goal of any experiment and of
experimentation overall. Thus, a crash
test that results in unacceptable safety
for drivers, a software user interface
that confuses customers, or a drug that
is toxic can all be desirable outcomes of
an experiment - provided these results
are revealed early in an innovation
process and can be subsequently reex
amined. Because few resources have
been committed in these early stages,
decision-making is still flexible, and
other approaches can be "experimen
ted with" quickly. In a nutshell, expe
riments that result in failure are not
failed experiments - but they frequent
ly are considered that when anything
deviating from what was intended is
deemed "failure".

Herein lies the managerial dilemma
that innovators face. A relentless orga
nizational focus on success makes true
experimentation a11 too rare. Because
experiments that reveal what doesn't
work are frequently deemed "failures,"
tests may be delayed, rarely carried out,
or simply labeled verification, imply
ing that only finding out what works is
the primary goal of an experiment. If
there is a problem in the experiment, it
will, under this logic, be revealed very
late in the game. But when feedback
on what does not work comes so late,
costs can spiral out of control; worse,
opportunities for innovation are lost at
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that point - reinforcing the emphasis
on "getting it right the first time." By
contrast, when managers understand
that effective experiments are suppo
sed to reveal what does not work early,
they realize that the knowledge gained
then can benefit the next round of ex
periments and lead to more innovative
ideas and concepts - early "failures" can
lead to more powerful successes faster.
IDEO, a leading produet development
firm, ca11s this "failing often to succeed
sooner."

Experimentation And New Know
ledge

The pursuit of knowledge is the ratio
nale behind experimentation, and all
experiments yield information that
comes from understanding what does,
and does not, work. For centuries, re
searchers have relied on systematic
experimentation, guided by their in
sight and intuition, as an instrumen
tal source of new information and the
advancement of knowledge. Famous
experiments have been conducted to
characterize naturally occurring pro
cesses, to decide among riyal scientific
hypotheses about matter, to find hid
den mechanisms of known effects, to
simulate what is difficult or impossible
to research: in short, to establish scien
tific laws inductively. Some of the most
famous series of experiments have led
to scientific breakthroughs or radically
new innovations from which we still
benefit today.

Louis Pasteur's discovery of artificial
vaccines is one example. Pasteur had
been struggling for years to understand
the course of disease, in this case cho
lera, and ran extensive experiments to
accumulate a knowledge base to help
hirn make sense of what experiments
in his laboratory were yielding. In 1879,
he returned from a summer vacation
not realizing that chicken broth cul
tures, part of one ongoing experiment,
had become infected. He thus injected
his hens with the infected culture and
followed that with injections of fresh,
virulent microbes. What he discovered
in this process was that the mild di
sease the infected cultures gave rise to
forestalled the deadly form from occur
ring. Pasteur was able to compare the
results of previous experiments with
recent ones and thereby draw accurate
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conclusions based on the knowledge
accumulated over the course of all the
se experiments 2.

Nearly a century later, the discovery
of 3M's Post-Ir adhesive demonstrates
the role of experimentation in the dis
covery of both technical solutions and
new market needs. The story began in
1964, when 3M ehernist Spencer Silver
started aseries ofexperiments aimed at
developing polymer-based adhesives3•

As Silver recalled:

"The key to the Post-It adhesive
was doing the experiment. If I had sat
down and factored it out beforehand,
and thought about it, I wouldn't have
done the experiment. If I had limited
my thinking only to what the literature
said, I would have stopped. The litera
ture was full of examples that said that
you can't do this. 4"

Although Silver's discovery of a
new polymer with adhesive properties
departed from predictions of current
theories abour polymers, it would take
3M at least another five years before a
market was determined for the new
adhesive. Silver kept trying to seil his
glue to other departments at 3M, but
they were focused on finding astronger
glue that formed an unbreakable bond,
not a weaker glue that only supported
a piece of paper. Market tests with dif
ferent concepts (such as a sticky bul
letin board) were telling 3M that the
Post-it concept was hopeless - until
Silver met Arthur Fry. Fry, a ehern ist
and choir director, observed that mem
bers of his choir would frequently drop
bookmarks when switching between
songs. "Gee," wondered Fry, "if I had
a little adhesive on these bookmarks,
that would be just the ticket." This
"Eureka moment" launched aseries of
experiments with the new polymer ad
hesive that broadened its applicability
and ultimately led to a paper product

2 Hare (1981). Great Scientific Experi
ments. Oxford: Phaidon Press, page
106.
3 The following account is based on
Nayak and Ketteringharn (1997). "3M's
Post-it Notes: A Managed or Acciden
tal Innovation?" In R. Katz, The Hu
man Side of Managing Technological
Innovation. New York: Oxford Univer
sity Press.
4 Nayak and Ketteringharn (1997), page 368
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that could be attached and removed,
without damaging the original surface.
In other words, repeated experimenta
tion was instrumental in finding the
now obvious solution, once the "Eure
ka moment" occurred.

While such "Eureka moments" make
for memorable history, they do not give
a complete account of the various ex
perimentation strategies, technologies,
processes, and history that lead to sci
entific or innovative breakthroughs.
After all, such moments are usually
the result of many failed experiments
and accumulated learning that prepare
the experimenter to take advantage of
the unexpected. "Chance", noted Lou
is Pasteur," favors only the prepared
mind."5 Consider what the authors of a
careful study of Thomas Alva Edison's
invention of the e1eetric light bulb con
cluded:

"This invention [the e1ectric light],
like most inventions, was the accom
plishment of men guided largely by
their common sense and their past ex
perience, taking advantage of whatever
knowledge and news should come their
way, willing to try many things that
didn't work, but knowing just how to
learn from failures to build up gradu
ally the base of facts, observations, and
insights that allow the occasionallucky
guess - some would call it inspiration
- to effect success.»6

When firms aim for breakthrough
innovations, however, senior manage
ment cannot rely on luck or even lucky
guesses alone; experimentation must be
organized and managed as an explicit
part of a strategy for pursuing innova
tion itself. At the same time, the seren
dipitous may be more likely when an
effective experimentation strategy is in
place and new experimentation techno
logies are integrated into it. The seren
dipitous is also more likely when expe
rimenters are clear that understanding
what does not work is as important to
learning as knowing what does.

If we attempt to add up all the sig
nificant experiments that have been

5 Q!!oted from Hare (1981), page 106.
6 Q!!oted from Friedel and Israel (1987).
Edison's Electrical Light: Biography of
An Invention. New Brunswick, NJ:
Rutgers University Press, page xiii.
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carried out since the Greeks began
systematic scientific studies around
400 BCE up until the 19th century, we
can probably say that the number is in
the millions. If we then include expe
riments initiated in industrial R&D
laboratories since the 19th century, the
number perhaps reaches several hund
red million. That number, in turn, will
be dwarfed by the bill ions or trillions
of experiments we will run with com
puters, combinatorial technologies
and other methods in the coming de
cade alone, fundamentally challenging
how innovation will happen. The sheer
quantity of inexpensive experimentati
on possible with these new technolo
gies, along with the knowledge gained
from them, will make the "Iucky guess"
much more likely as long as companies
are willing to fundamentally rethink
how they research and develop new
products and create value for their cus
tomers.

Learning from Success and Failure

AlI business experimentation
whether conducted in Ancient Greece,
in Edison's laboratory, or in the pres
ence of simulation or other sophistica
ted technology today- generates know
ledge. That knowledge, however, comes
as much from failure as it does from
success. Innovators learn from failu
re: again, understanding what doesn't
work is as important as understanding
what does. The next round of experi
mentation should benefit equally from
either result. Further, knowledge of eit
her failure or success itself can be stock
piled, providing a resource that, if not
applicable to one set of experiments,
can be used for subsequent inquiries.

For example, IDEO Product Deve
lopment, a leading design firm, main
tains a Tech Box" for stockpiling ex
periments from finished and on-going
projects. This giant "shoebox" for cata
loging and e1ectronically documenting
materials, objects and interesting gad
gets is used to inspire innovators in
new development projects. A curator
organizes and manages the content of
the Tech Box and duplicates its conten
ts for other IDEO offices - and occasio
nally to other companies - throughout
the world. Designers and engineers
can rummage through the box and
play with an assortment of switches,

buttons, and odd materials that were
all part of successful or failed experi
ments. The Tech Box underscores the
fact that one can never fully anticipate
what tools and materials would be re
quired in an experimental project that
involves great novelty. Edison learned
this lesson early in his career and later
tried to have everything at hand in his
West Orange laboratory. Thus, when
Edison noted that "the most important
part of an experimental laboratory is
a big scrap heap," he leveraged a well
stocked storeroom and a collection of
apparatus, equipment and materials
that came from previous experiments.
The larger the scrap heap, the wider the
search space for Edison and his experi
menters and the more likely it was that
somewhere in this pile, the solution
would be found.

Similarly, pharmaceutical compa
nies stockpile very small quantities of
discrete chemical compounds in "che
mical libraries," which are used in the
search for new drugs. Many of these
compounds were generated in prior
drug development projects and showed
therapeutic promise in complex experi
ments involving either simple screening
procedures or living organisms. Con
sisting of several hundred thousand
compounds and information on their
specific properties, these libraries are
used to find leads in new drug projects
where access to chemical diversity has
been an important competitive advan
tage. Such libraries and the associated
information on how and where to use
them represent a long history of invest
ments into scientific research, experi
mentation and strategic commitment;
the Economist has referred to them
as one of pharmaceutical companies'
"most carefully guarded assets",7

The fact is, when pharmaceutical
companies such as Eli Lilly launch new
drugs or automotive firms like BMW
introduce new cars, these products are
the result of as many failed experiments
as successful ones. An innovation pro
cess, overall, should assure the gradual
accumulation of new knowledge that
will guide the path of development
itself. This new knowledge, however,
is at least partially based on "accumu-

7 Q!!oted from the Economist (1998),
"A Survey of the Pharmaceutical In
dustry," 21 February, pages 9-10.
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I Ouestions that EXDerimentation Addresses

Table 1. Experimentation and uncertainty

Does it address and satisfy customer needs?
Does the market size iustifv the resource investment?

Does the product/service ("it") work?
Can it be produced or delivered cost-effectively and at
high quality

to the research, such managers "plan
ned to fail early and inexpensively in
the search for the market for a disrup
tive technology. They found that their
markets generally coalesced through
an iterative process of trial, learning,
and trial again."12 An effective experi
mentation strategy addresses innovati
on opportunities in all four areas: tech
nical, production, need and market
uncertainty. My research has shown
that such a strategy encompasses the
following principles'3:

12 Q!!oted from Christensen (1997),
page 99.
13 For more information on these prin
cipies, see S. Thomke (2003), Experi
mentation Matters.

Conclusion

I frequently ask management audiences
to list all the business experiments that
they are aware of in their companies.
After all, in the absence ofsimilar expe
riences or good predictability of outco
mes in complex business settings, true
experimentation is the only way to ma
nage uncertainty and identify promi
sing innovation in the future. Projects
that become experiments after they
are finished or du ring late stages don't
count because they usually provide few
opponunities to learn. However, pro
jects that are designed, funded and ma
naged as experiments (i.e., maximize
learning from success and failure) do
matter and should be an integral part
of a firm's innovation strategy.

I have found that few managers can
prepare such a list or present a portfolio
of business experiments - even though
they know that experimentation is the
lifeblood of new products, services and
business opponunities. Thomas Edi
son could not have said it more clear-

• Organize for rapid experimentation.
• Implement "front-loaded" processes

that identify potential problems be
fore resources are committed and
design decisions locked in.

• Experiment and test frequently but
do not overload an organization.

• Integrate new technologies into the
cuerent innovation system.

• Fail early and often but avoid waste
ful "mistakes" that produce no use
ful information and are therefore
without value.

• Manage projeets as experiments

10 The work on disruptive technology
and its role in why firms fail is discussed
in Christensen (1997). The Innovator's
Dilemma: When New Technologies
Cause Great Firms to Fail. Boston:
Harvard Business School Press.
TI Garvin (2002), "A Note on Corpo
rate Venturing and New Business Cre
ation," Note 302-091, Harvard Business
School, argues that new business or
ventures can be regarded as experi
ments where direct contact with the
marketplace is essential to exploration
and validation, panicularly for radical
ly new businesses where the usual sour
ces of knowledge provide only limited
insight.

cess of experimentation.
Beyond technical and production

uncertainty, rapidly changing customer
demands create need uncertainty, ano
ther critical reason for rigorous experi
mentation. Customers are rarely able to
fully specify all of their needs because
they either face uncertainty themselves
or cannot articulate their needs on pro
ducts that do not yet exist. If they have
neither seen nor used such a product
before, they themselves will have to
experiment before arriving at a recom
mendation. Finally, when innovations
are "disruptive," as research has shown,
market uncertainty can be so signifi
cant that firms are reluctant to allocate
sufficient resources to the development
of products for those markets'o. In such
cases, the composition and needs of
new markets evolve themselves, and
are either difficult to assess or change
so quickly that they can catch good ma
nagement by surprise. To successfully
harness the opportunities of disruptive
change, successful managers rely in
part on experimentation". According

also be produced cost-effectively. What
may work in small quantities may not
be feasible when production ramps up:
the entire manufacturing process itself
may need to be revised. At every stage
of R&D, technical and production un
certainty exists and needs to be mana
ged, in pan through a systematic pro-

Customers Needs
Market

Type of Uncertainty
Technical
Production

8 Q!!oted from www.thomasedison.
comledquote.htm
9 Allen (1977). Managing the Flow of
Technology. Cambridge, MIT Press,
chapter 4.

ticularly novel or complex ones, they
rarely know in advance whether a par
ticular concept will work as intended.
That means they have to find ways of
rapidly discarding dysfunctional ideas
while retaining others that show pro
mise. At the same time, the "dysfunc
tional ideas" themselves have generated
knowledge and should, as such, be cap
tured. Edison understood this very weil
when he noted that "Just because some
thing doesn't do what you planned it
to do doesn't mean it's useless. Reverses
should be an incentive to great accom
plishment. Results? Why, man, I have
gotten lots of results! If I find 10,000
ways something won't work, I haven't
failed. I am not discouraged, because
every wrong attempt discarded is just
one more step forward"8. A century
later, academic research on R&D orga
nizations showed these insights to be
more relevant than ever: project teams
spent an average of 77% of their time
on experimentation and related analy
sis activities to resolve uncertainty9.

Not all uncertainty is alike, howe
ver (see Table I). Technical uncertainty
arises from the exploration ofsolutions
(e.g., materials) that have not been used
before, or have not been combined in
"this" way before, or rniniaturized in
such a way before. As such, it often re
lates to product functionality and can
be managed through rigorous proto
type testing throughout development.
Production uncertainty exists when
we do not know if a technical soluti
on that works weil in prototypes can

lated failure" that has been carefully
understood.

The reason why experiments inevi
tably fail as part of product develop
ment effort has to do with the uncer
tain nature of the innovation process
itself. When teams undertake the deve
lopment of products or services - par-
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Iy: "The real measure of success is the
number of experiments that can be
crowded into twenty-four hours.'4"
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