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The Closed
Innovation Paradigm

T HE CLOSED INNOVATION PARADIGM and its associated mind-set

toward organizing industrial R&D has led to many important
achievemnents and many commercial successes, It is the mental model
that Xerox’s management used to run its PARC research facility. Indeed,
it is the model used by most major U.S. corporations to run their labs
for most of the twentieth century.

The past success of the Closed Innovation paradigmn accounts for its
persistence in the face of the changing landscape of knowledge. It is an
approach that is fundamentally inwardly focused, which, as we shall see,
fit well with the knowledge environment of the early twentieth century,
However, the paradigm is increasingly at odds with the knowledge land-
scape at the beginning of the twenty-firse century.

How to Access Useful Knowledge:
A Thought Experiment

Let’s begin with a thought experiment. Suppose that you are running a
successful, growing company at the beginning of the twentieth century.
Your products are selling well, and you have become a leading firm in
your industry. Realizing that this fortunate situation will not last for-
ever, you determine that the best way to ensure continued leadership in
the industry is to create new and improved products to sell to the mar-
ket in the future.! What is the best way for you to pursue the creation of
these new products and services? Where is the useful knowledge you
need, and how can you incorporate it into your business?

You might begin by assessing what the state of knowledge is for your
industry outside your own firm. The state of external scientific knowledge

2X



22 Open Innovation

had expanded enormously during the nincteenth century. By the early
19cos, we had learned about microbes, X-rays, the atom, electricity, and
relativity. We had also learned about a more systematic way to conduct
scientific research. As Alfred North Whitehead once remarked, the great-
est invention of the nineteenth century was the method of invention.

Notwithstanding the scientific breakthroughs realized in the nine-
teenth century, for most industries around rgoo, you would likely con-
clude that there wasn’t that much external knowledge to build on to ad-
vance your industry. Although science was entering an era of enormous
ferment (this is the period of Einstein, Bohr, Roentgen, Maxwell, Curie,
Pasteur, and Planck), much of the science was just beginning to be un-
derstood, and its eventual commercial uses were far from apparent.

Moreover, the norms of science at that time suggested that any
practical use from this science would come without much help from the
scientists themselves. Emulating the norms of “pure” science held in
(GGerman universities, U.S. scientists regarded the pursuit of practical
knowledge as “prostituted science.” Consider the bitter protest of Henry
Rowland, who lamented the fame of “tinkerers” like Edison relative to
men of science such as himself. Addressing the American Academy for
the Advancement of Science in 1883, he proclaimed, “The proper
course of one in my position is to consider what must be done to create
a science of physics in this country, rather than to call telegraphs, ¢elec-
tric lights, and such conveniences, by the name of science. . .. When the
average tone of the [scientific] society is low, when the highest honors
are given to the mediocre, when third-class men are held up as exam-
ples, and when trifling inventions are magnified into scientific discover-
ies, then the influence of such societies is prejudicial.”?

At this time, many highly respected leaders in science argued that
scientists had no place applying their talents and training to commercial
problems. To do so, they believed, would imperil the value and quality
of science itself. They looked on people like 'Thomas Edison as scien-
tists of lesser ability, who had compromised themselves and corrupted
the process of scientific discovery in so doing.

Unsurprisingly, the people who were trained as scientists in this pe-
riod were mastering the tremendous intellectual breakthroughs in un-
derstanding the physical world, but were largely uninterested in apply-
ing those insights to practical problems. There was a large void between
the science embodied in university classroom lectures and the beneficial
use of those insights in commercial practice. Although the knowledge
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being created within universities scemed to hold great promise, your
growing enterprise could not rely on this knowledge being put to use in
your industry on its own, Moreover, universities lacked the financial re-
sources to underwrite and conduct significant experiments themselves,

Nor could you expect the government to be of much assistance. The
overall size of government in the economy was much smaller during this
period in history than it is today. And the government did not play much
of a role in the research system then. It did pursue a few initiatives, such
as the creation of a patent system, and provided limited funding for par-
ticular inquiries in weights and measures and in military materials such
as improved gunpowders. In the United States, the government also
provided some creative funding of land-grant vniversities for agricul-
tural studies. And the government’s antitrust actions did break up the
largest monopolies. But overall, the government played a very limited
role in organizing or funding science.

Ifuniversities and government were not leading the commercial ap-
plication of science, what was driving these technical advances? Indus-
try was the primary source of research funding for the commercial use
of science, and industry R&D laboratories were the primary locus of
this industrial research.

Weighing the costs and benefits of these challenges, you would likely
conclude that pursuing the discovery and commercial development of
scientific knowledge within your own firm was the only choice you could |
really make. You could not wait indefinitely for the external scientific
community to become interested in practical applications of science.
Nor could you wait for other companies to start operations to provide
critical pieces of the end product you were producing. After carefal con-
sideration, you decide to create your own internal R&D organization,

As you began to enact your choice, you learned that you would
have to involve your organization on a wide range of topics, from the
basic materials science underlying your products, to their many appli-
cations, to the industrial processes that fabricate them, to the means of
utilizing them. Your laboratory must therefore reach far down into
basic materials and reach all the way up to final products. You must at-
tract highly trained people out of the universities and offer them life-
long employment as scientists and engineers in your company. You
must create an internal environment of intellectual ferment and a re-
search community that stimulates creative thinking and excellence in
conducting research.
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You might look around at other leading companies and see what
they were doing to advance their knowledge. You would find that indus-
trialists in leading industries of that time—chemicals and petroleam, for
example—had reached the same conclusion you did: to pursue innova-
tion through an internal R& D organization. German chemicals firms.
were systematically expanding their product offerings through increas-
ingly advanced investigations of the properties of the materials they
were using to create new dyestuffs.’ Petroleum companies were rapidly
improving their yields in refining crude oil through their understanding
of the properties of that oil. In the process, they were innovating addi-
tional new products out of this raw material as well.

Historian Alfred Chandler has documented the choices of many
leading industrial enterprises during this period.* Among his important
discoveries was the role of companies’ internal R&D functions in creat-
ing economies of scale in their business. These R&D facilities were so
successful in extracting more efficiency out of increased understanding
that they created natural monopolies in many leading industries, or
economies of scale. These labs also spawned the discovery of new prop-
erties in materials. The resultant new possibilities in products led to the
creation of new business opportunities, or economies of scope.

The institution of the central research lab and internal produect
development was thus a critical element of the rise of the modern
industrial corporation. Centrally organized research and development
were central to companies’ strategies and were regarded as critical
business investments. R&ID) functions were a salient feature in the
knowledge landscape of the economy, relatively insulated from the uni-
versities and small enterprises, relatively unconnected to the govern-
ment, and largely self-contained.

One could therefore regard the knowledge landscape in the early
twentieth century as a series of fortified castles locared in an otherwise
impoverished landscape. Within the castle walls of each company’s cen-
tral R&D organization were deep repositories of understanding based
on thorough, detailed investigations of a2 wide range of phenomena.’
Each castle was relatively self-sufficient, receiving occasional visits from
outsiders, and its inhabitants ventured out occasionally into the sur-
rounding landscape to visit universities or scientific expositions. But
most of the action occurred within the castle walls, and those outside the
castle could only marvel at the wonders produced from within.
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Shifts in the Knowledge Landscape

One important change in this knowledge landscape was the unique re-
lationship between the public university system and corporations that
developed in the United States in the first half of the twentieth century,
Unlike the higher education system in European nations, the ULS, sys-
tem was highly decentralized, even among public universities. State
schools were funded by state governments and thus responded to local
commercial needs to a greater extent than did their peers across the At-
lantic. Industries such as mining, farming, and engineering profited
greatly from the focus on science and technology in the public univer-
sity system. Private universities were neither accountable to a national
authority nor responsible even to a state authority and were thus free to
pursue their own science and technology agendas.

The earlier snobbery of Henry Rowland, imported from Germany’s
own attitudes toward the commercialization of science, began to be
leavened by the obvious utility of that commercialization. Qut of indus-
trial R&D, tinkerers like Edison were creating blockbuster products
that led to enortous commercial advantage, as Chandler’s work has
shown. As a result of the decentralized, local funding and focus of
higher education, the rise in the number and quality of U.S, universities
expanded the pool of qualified engineers and scientists from which cor-
porations could staff their own in-house industrial research Jabs.

Twwo developments exemplify the functioning of this decentralized
system. First, the federal government established a land-grant program
for state universities that focused on science and technology after the
Civil War. Today’s “Big Ten” universities largely grew out of these land
grants. Most important, these schools were start-ups, unconstrained by
any history and not locked into a prior approach to their mission. They
were quick to embrace the engineering disciplines as worthy of study,
unlike the established universities such as Harvard and Yale, which ini-
tially adopted an attitude toward this practical application of science
that was similar to Rowland’.

Second, the federal government established funding for agricultural
extension initatives with the Morrill Act of 1862 and successive acts in
1887 and 1906.% This legislation created a network of government-
funded, locally based research offices, to disseminate new ideas in agri-
culture (some of which came out of these Big "Ten schools!). "This system
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increased the productivity of U.S. farms dramnatically, with innovations
such as hybrid seeds, crop rotation, and pest control.

Together, these research initiatives solidified the nascent links be-
tween the federal government, higher education, and industry. And these
links would be strengthened substantially by the advent of World War IL.

World War II:
Mobilizing Scientific Knowledge in U.S. Society

World War II production efforts were a catalyst for a new emphasis on
efficiency, production, and innovation in U.S. industry. President
Franklin D. Roosevelt sensed that the wartime system that had success-
fully created the atomic bomb and the first computer could be applied to
peacetime innovations as well: “New frontiers of the mind are before us,
and if they are pioneered with the same vision, boldness, and drive with
which we have waged this war, we can create a fuller and more fruitful
employment and a fuller and more fruitful life.”” Near the end of the
war, on November 17, 1044, with the preceding statement, Roosevelt
commissioned Vannevar Bush, the director of the Office of Scientific
Research and Development (which had overseen the military research
programs during the war) to study the ways in which the United States
could capitalize on its military and scientific advances in peacetime.
Roosevelt asked Bush how the government could translate military sci-
ences into civilian improvements, increase the number of trained U.S.
scientists, and aid research activities in the public and private sector.
Bush’s resulting report, entitled Science: The Endless Frontier, became the
cornerstone of U.S. postwar policy toward science and technology.
Paramount to Bush was the need for an increase in the federal fund-
ing of basic research at the university level. Although the United States
had made considerable strides in applied R&DD (evidenced by technolo-
gies such as the airplane, the radio, and radar), these innovations had
been dependent on basic research imported from Europe. Even the
atomic bomb had depended critically on the knowledge of scientists who
had been trained in Europe. This dependence could no longer continue,
Bush argued: “[A] nation which depends on others for its new basic sci-
entific knowledge will be slow in its industrial progress and weak in its
competitive position in world trade, regardless of its mechanical skill.”#
To address this deficiency, Bush proposed the formation of a Na-
tional Research Foundation, which would be responsible for coordinating
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efforts between the branches of government, the universities, the milj-
tary, and industry. Governmentwould distribute funding directly to uni-
versities to increase basic research initiatives; these developments would
benefit both industry and the military. In turn, commerce and the mili-
tary would then be able to focus primarily on applied technology.

While Bush’s central coordination mechanism was resisted, the de-
centralized approach he advocated to using federal monies to stimmulate
more R&D in the universities and in industry was adopted. Table z-1
shows both the rapid increase in government funding for R&D), and the
different players in the R&ID system. This system characterized the
U.S. innovation system for the next forty years. Note that the amount of
funding for R&D from the government exceeded that of industry for
most of the postwar period until 1985. Since then, industry has provided
the majority of funding for R&D.

TABLE 2-1

Sources of Funding for U.S. R&D by Sector (1992 Dollars in
Mitlions)

Universities, Other

Year Government Industry Colleges MNonprofit Total

1930 248 1,185 210 59 1,712
1940 614 2,077 280 94 3.063
1955 17,977 12,902 453 318 31,650
1960 39,185 20,281 666 538 60,670
1970 53,559 26,944 1,099 894 82,498
1975 49,534 34,543 1,544 1,122 86,743
1980 43,070 37,084 1,810 1,273 83,237
1985 48,022 50,133 2,175 1,469 101,799
1981 63,035 95,030 3,605 3,372 164,942
1995 59,375 102,994 3,816 3,679 169,864
1298 59,083 125,469 4,342 3,717 192,611

Sources: Years 1930 and 1940: Vannevar Bush, Science: The Endless Frontier (Washington, DG; .S,
Government Printing Office, 1945); years 1955-1985: Richard Nelson, ed., National Innovation Systems
(Oxford: Oxford University Press, 1993); and years 1991~1998: National Science Foundation, National Patierns
of R&D Rescurces (Washington, DG: National Science Foundation, March 1999;.
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For this coordination to succeed, Bush recognized that the quality
and the quantity of scientific personnel had to be dramatically increased.
To remedy this situation, the Seventy-Eighth Congress passed Public
Law 346. This law, “commonly known as the GI Bill of Rights, provides
for the education of veterans of this war under certain conditions, at the
expense of the Federal Government.”? In addition, soldiers with scien-
tific talent were eligible for new scholarships that would encourage
them to pursue advanced degrees in the sciences. The GI Bill extended
the federal government’s role of funding academic research to funding
the tuition of deserving students.

"This expanded charter and increased funding enormously expanded
the role of universities in the U.S. innovation system. The processes that
Bush’s office used during wartime led to the successful deployment of radar,
the atomic bomb, timed fuses, and cryptography. These same processes
now deeply influenced his proposed peacetime model of innovation. In-
deed, the virtue of Bush’s model wasn’t simply that more money was being
spent; rather, it was how the money was spent. Bush’s vision of an “endless
frontier” elevated academic science to become an equal partmer with gov-
ernment and industry in the mission to apply science to military and soci~
etal needs. Government would fund basic scientific research, but most of
that research would zot be conducted by government labs; instead it would
be housed at leading academic universities, governed by norms of scien-
tific inquiry and publication. This arrangement greatly expanded the pool
of knowledge available to society and to industry, particularly through the
rising tide of college graduates and post-college graduates.

This expanded but decentralized pool of knowledge inspired in-
dustrial firms to increase the amount of resources they devoted to their
own R&D. This led to the expansion of many corporate labs that had
been formed before the war, such as Bell Laboratories and General
Electric’s and DuPont’s labs. It also led to the formation of new labs,
such as the T. J. Watson Laboratories at IBM, the Sarnoff Labs at
RCA, and later on, HP Labs and Xerox PARC.,

Some enormous commercial scientific achievements were realized
as a result of these in-house industrial laboratories. Bell Labs scientists
who were exploring the source of background static in microwave satel-
lite transmissions found that the source of this static was rooted in a pre-
viously unknown phenomenon. They eventually received the Nobel
Prize for the discovery of dark matter in the universe. Scientists ac IBM
received another Nobel Prize for their discovery of superconductivity.
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DuPont discovered and innovated a number of new chemical fibers and
new materials, A rapidly growing young company, Xerox, exploited the
discovery of using electrostatic charges to (ix toner onto paper and cat-
apulted itself into the Fortune 500 through its successful commercializa-
tion of xerography.

Companies that made the investments Jeading to these discoveries
manifestly benefited from them. With a legal monopoly in telecommuni-
cations, AT&T" could introduce new products that embodied applica-
tions of its science out of Bell Labs without fear of misappropriation. IBM
had a near monopoly in its mainframe computer business, The company
mastered the art of staging the introduction of new technological ad-
vances in ways that maximized its own profits and maximized the prob-
lems of its competitors who atterpted to follow IBM’s fead. Xerox simi-
larly held 2 commanding share of its market with the most advanced
copiers, able to copy the highest vohunes and to perform the most elabo-

rate feeding, sorting, and binding functions. These and many other suc-

cesses caused companies to pursue strategies of significant investment in
basic research, organized through central research laboratories.

"T'he result was a golden age for internal R&D. Corporate R&D or-
ganizations were working at the cutting edge of scientific research. In-
side their four walls, they featured the best equipment, staffed by the
best people and focused on Jong-term R&D programs that were funded
at significant levels, There seemed to be strong economies of scale in
R&D as well: The largest companies in the industry were able to fund
the most research and generally enjoyed the most advanced technolo-
gies as a result. These companies’ lead in research and technology
helped them achieve the largest profits of all the firms in the industry.
And this commitment to internal R&D was viewed as a barrier to entry
for their competitors: Any company that wanted to enter the industry
would have to make similarly large, long-term investments in order to
compete. One had to think ahead many moves to win this game of chess.

The logic underlying this approach to innovation was one of closed,
centralized, internal R&D. At its root, the logic implies a need for deep
vertical integration. In other words, in order to do anything, one must
do everything internally, from tools and materials, to product design
and manufacturing, to sales, service, and support. Qutside the fortified
central R&D castles, the knowledge landscape was assumed to be rather
barren. Consequently, the firm should rely on iself—and not feeble
outside suppliers—for its critical technologies.
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This was when the term not invented here was tirst coined. The term
originally had a negative meaning. If a technology was not produced in-
side a company (i.e., not invented here), the company could not be sure
of the quality, performance, and availability of the particular technol-
ogy. IBM, for example, began making its own heads and media in its
disk-drive business in the 1960s, because it could not get these eritical
components made to its requirements from outside suppliers on a
timely basis. It developed the basic components, assembled them into
subsystems, designed systems out of these components, manufactured
the systems at its own factories, distributed and serviced the systems
themselves, and even handled the financing of the systems.??

Similarly, Xerox needed to make its own toner, its own copier, itsown
light lens, and its own feeding and sorting subsystems in order to deliver
high-volume, high-quality xerography to its customers. Because Xerox
was pushing mechanical and electrical systems further than anyone else in
its applications, there was no available supplier base with which to work.
During the early years, Xerox found that it even needed to make its own
paper; to get the optimal paper characteristics that would feed well
through its copier systems. The golden age of R&IDD was an age of deep
vertical integration, born of necessity (since there were few capable exter-
nal alternatives) and of virtue (since it was easy to capture value from one’s
R&D when one controlled the entire value chain of business activities,
thanks to dominant positions in one’ product markets).

Figure 2-1 shows this Closed Innovation paradigm for managing
R&D. The solid lines show the boundary of each firm, A and B. Ideas
flow into each firm, on the left, and flow out to the market on the right.
They are screened and filtered during the research process, and the sur-
viving ones are transferred into development and then taken to market.

Figare 2-1 also shows the knowledge landscape that arose from the
pattern of deep, vertically integrated R&D organizations such as firm A
and firm B, and the impoverished landscape that surrounded them. Al-
though there were many ideas, few of them were available outside the
walls of these firms.

These concepts implicitly assume that all these activities are con-
ducted within the firm. There is no other path for ideas to come into the
firm, nor is there any other path for products and services to leave the
firm. This tight coupling also assumes no leakage out of the system.
Provided that the company keeps a flow of new ideas into its R&D
pipeline, it will turn many of these ideas into new products and capture
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FIGURE 2-1

The Knowledge Landscape in Closed Innovation
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the value from these ideas. This flow will allow the company to reinvest
in further research, which in turn will lead to future profitable products.
Thus, the company’s R&ID system is sustainable over time.

The Tension Between Research and Development

This is not to say that this period of industrial innovation had no
problems. One tension was the different incentives of research and of
development in responding to a particular technology project. Research
is fundamentally about the exploration of new frontiers, punctuated by
occasional flashes of insight that lead to exciting new discoveries, These
discoveries cannot be predicted in advance; nor can they be scheduled to
arrive at particular dates. Nor do the people recruited into research or-
ganizations regard schedules as particularly valuable structures to aid in
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their discoveries. Most corporate researchers are highly trained scien-
tists and engineers, often with Ph.ID.%s in their ficlds. Companies recruit
these individuals by offering them attractive salaries, significant discre-
don over the choice of projects they work on, and considerable freedom
to publish their results. These researchers’ skills arve highly specialized
to narrow domains ot scientific inquiry, which makes them hard to re-
train if and when business conditions changed.

These highly trained professionals are able to monitor significant
rescarch developments in their professional communities and then
apply them to the company’s business. They typically work on projects
that have a long way to go before the results are ready to go to market.
Indeed, most research organizations do not actually take their ideas all
the way to market. Instead, companies restrict their research function to
the discovery and early exploration of ideas, and then hand over the task
of developing these into products to the developiment organization.

The research function is almost always structured as a cost center.
Its financial goal each year is to stay within budget. Over time, the man-
ager of the research function wants to kick out the mature, established
research projects, in which most of the conceptual learning has already
taken place, The manager also wants to move out the older researchers
gracefully, to make room for young research talent. This turnover al-
lows the manager to start new projects and infuses new ideas and energy
into the research organization. This process of renewal makes the labs
more attractive as a place to work for aspiring researchers.

Development, by contrast, takes the output of research as an input
into its own process. This function is led by engineers, who are trained
to solve problems within certain constraints, such as time and budget. It
produces products and services that embody the research ideas so that
they may be sold into the market. Such development involves a more
predictable dme horizon than that of the research process. Develop-
ment managers seek to identify, characterize, and then minimize risks in
creating new products and services. In contrast to the “blue sky” envi-
ronment of research, development is fundamentally about making and
hitting schedule targets and budgets, to convert discoveries into new
products and services.

The development function is usually part of a business unit, which
is structured as a profit center, with its own profit-and-loss (P&L) state-
ment. Managers of development want to incorporate new inputs from
research when they are as well characterized and understood as possible,
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In this way, the managers can vse the new research inputs with lictle
further expense. Inputs that are not well understood require further de-
velopment before they can be used in new products. This further devel-
opment work is costly and hurts the business’s P&L. Worse, poorly un-
derstood inputs pose a greater risk that the development group will miss
the product introduction schedule. Since the development organizatdon
must integrate the new research inputs with many other technologies,
the interactions of the new technology with the rest of the system make
it extremely difficult to execute complex programs.!!

The conflicting objectives of research and development create a
budgetary disconnect between the two. The research cost center wants
to get moving on to a new idea, whereas the development profit center
wants more work done on the current research idea before taking over
its further funding:

Research Organization Development Ovganization

e Cost center * Profit center

* Discovery: Why? * Execution: How?

* FHard to predict ¢ Hit targets

* Hard to schedule * Hit schedules

* Create possibilities ¢ Minimize risk

* Identify problems and how ¢ Solve problems within
to think about them constraints

One way that many companies ended up managing this disconnect
was to create a buffer that separated the two processes, so that develop-
ment was not tightly coupled to research. This buffer effectively placed
research ideas “on the shelf” until the development organization was
ready to work on them. The research center would essentially say,
“We’re done with this,” while the development people would reply,
“We don’t think it’s ready yet.” Thus, projects would stop receiving
funding from research, while development would defer funding their
further development. The projects would sit in the buffer, on the shelf,
waiting for the organization to make use of them. Many organizations
found that they had numerous research discoveries piled up on the shelf
in this fashion.
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This characterized the innovation system of many leading 1.8,
companies during the postwar golden age. Large companies invested in
large central research labs and enjoyed significant downstream market
positions that allowed them to capture a significant portion of the value
they created from the technology in their labs. The companies were
able to control the output of their knowledge and create value-added
products with their technology. They could reinvest these returns in
more research and create a virtuous cycle. This research output was
managed as a knowledge bank, in which ideas were kept on the shelf
until a downstream business was ready and willing to use them.

In certain industries, the golden age continues, and this internally
tocused approach to R&D remains well suited to managing innovation.
In these industries, the protection of intellectual property is very tight,
or regulatory restrictions are very high, or both; start-ups seldom arise;
and VC makes little investinent. The firms have the ability to store their
technologies on the shelf until they are ready to take their discoveries to
market, without fear of significant leakage of that technology out of the
company and into a start-up or another rival company.!?

In many other industries, though, the logic underlying the Closed
Innovation paradigm has become fundamentally obsolete. Several fac-
tors have eroded this paradigm.

Erosion Factor 1:
The Increasing Availability and Mobility of Skilled Workers

One erosion factor that has led to the demise of the Closed Innovation
paradigm is the increasing availability and mobility of skilled workers.
This factor has many causes. Among them was the explosion in college
graduates and postgraduate students fostered by the GI Bill and other
programs to stimulate the expansion of higher education. The supply of
well-trained, knowledgeable people expanded tremendously during the
postwar period. The growth of this population represented a large in-
crease in the “raw material” able to produce useful knowledge.

Other trends in the labor market increased the mobility of these highly
trained workers, diffusing the knowledge that they possessed from the
fortified towers of internal R& DD organizations to suppliers, customers,
partoers, universities, start-ups, consultants, and other third pardes. With
information more widespread, new companies could access useful knowl-
edge that previously they could not. One company could profit from the
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training and experience of another company by hiring away some of the
latter company’s workers, or through hiring consultants who used to
work at another company, without paying any compensation in return,

This mobility of well-trained workers created something of an auc-
tion market for highly qualified talent. Talented engineers could “sarf”
from company to company, selling their talents to the highest bidder. A
fluid labor market permitted even start-up firms to pioneer the com-
mercialization of promising new technological opportunities. For indi-
vidual entrepreneurs, this fluid market created a powerful attraction to
exit the larger firm for the opportunity to earn a significant reward, Tt
also created strong reasons for individuals to invest in their own educa-
tion, to learn as much as they could so that they might increase their
value in the auction market for talent.

A particularly dramatic example of this “learning by hiring away”
camne in the hard-disk-drive industry. IBM for many years was the dom-
inant innovator in the industry, earning the lion’s share of the industry’s
profits, performing most of the long-term research driving the technol-
ogy, and obtaining the majority of the patents in the industry.

Despite the company’s dominance, the mobility of disk-drive engi-
neers caused IBM's leadership to erode over time. An engineer named Al
Shugartleft IBM to go to Memorex, where he helped Memorex improve
its hard-disk drives that plugged into IBM mainframe computers. Then
he left Memorex to start 2 company called Shugare Associates, pursuing
a new kind of hard-disk drive, the 8-inch disk drive, intended for mini-
computers and workstations. Eventually, when he fell out with the finan-
cial backers of Shugart, he left to start another new company, called Sea-
gate, which made still smaller §%-inch drives for personal computers.

With each job change he made, Shugart took a substantial number
of people with him to the new company. Each of Shugart’s new start-up
companies was thus able to hit the ground running, with highly experi-
enced personnel that were trained on someone else’s money. Nor is
Shugart unique in this approach. Of the ninety-nine U.S.-based start-
up companies that entered the disk-drive industry, twenty-one had for-
mer IBM employees on their founding teams. !’ Figure 2-2 shows a par-
tial genealogy of hard-disk~drive firms from 1973 through 1996. It
shows the diaspora of companies with former IBM personnel in their
top management teams at the time they were founded. The shaded
companies were still in operation in December 1996, Most of the off-
spring, though, have gone out of business. In 2002, IBM itself sold its
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hard-disk-drive business to Hitachi, culminating alimost fifty years of
innovation in magnetic storage.

ULS. immigration policy also played an important role in the avail-
ability of skilled professionals, drawing in talented graduate students
from other countries. Though viewed as a “brain drain” by the home
countries of these graduate students, the students’ migration was a
“brain gain” for many U.S. firms and industries. A 1998 study by the Na-
tional Science Foundation found that over 5o percent of the postdoc-
toral students at MIT and Stanford University were not U.S, citizens
and that more than 30 percent of computer professionals in Silicon Val-
ley were born outside the United States.'* Again, the U.S. firms paid no
compensation to the home countries that educated these people, who
then moved to the United Seates. P

The influx of highly wlented foreigners and the high mobility of
other skilled workers has been wonderful for the U.S. economy. U.S.
firms get some of the best and the brightest people working on prob-
lems whose solutions create real economic value. But there are real

FIGURE 2-2

IBM and Its Offspring Hard-Disk-Drive Companies, December 1996

[ 1BM !
I
I
Symtams Memorex [Storags Toah]
ndustries
Pertoc
Shugart
Associates \ Tard Micropolis
l andon
Vertex
Seagate Computer -
Technology Quantum Memories | | Miniscribe
Priam I
| Maxtor Western Brand -
Syquest Conner Digital Technologies Lapine
QOrea /
Kalok Prairie
Technology Tok

[1 Still making hard-disk-drives as of December 1996,

s Spse et

The Closed Tunovation Petradigm 37

problems created by high-mobility labor markets for the firms with
leading-edge R&D investments built up during the golden age of inter-
nal R&D. Rival firms can access their extensive experience and capabil-
ities at a fraction of their true cost by simply hiring away “the best and
the brightest.” This creates a hazard for the previous employer, which
jeopardizes that firm’s ability to continue to invest in R&D.

Erosion Factor 2: The Venture Capital Market

Prior to 1980, little VC was available in the United States. Although there
were start-up companies that arose from people who migrated out of large
firms, these new enterprises had to struggle to find capital. The ability of
companies to attract other talented staff to the new venture was also impaired
by a lack of adequate capital to justify the risk of leaving a well-capitalized
company for an unknown start-up company. While large companies with
extensive investments in R&D weren't thrilled to see some of their em-
ployees leave, they weren't particularly concerned about how these depart-
ing employees would affect their own futare business prospects.

FIGURE 2-3

Total Investment in U.S. Venture Capitai, 1980—2001
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As others have discussed, there has been an enormous expansion of
VC since 1980.' About $700 million in VC was invested in the United
States in 1980, and the figure rose to more than $8o billion in 2000 (fig-
ure 2-3). Although the figure dropped to more than $36 billion in 2001,
it still is an enormous amount, even when compared to the dollars in-
vested just three years earlier.

This large and growing pool of VC created real hazards for the
companies that made significant commitments to internal R&D. The
knowledge that they created inside their own knowledge silos and
stored in their buffers between research and development was now at
much greater risk. Individual personnel from their labs could be lured
away by attractive risk/reward compensation packages to join new start-
up firms. This attraction was exacerbated by the booming stock market
during the same period. The large firms could offer world-class equip-
ment, tremendous freedom to choose one’ research initiatives, and a
stimulating intellectual environment. They could not, however, hope to
match the stock-option packages of these new start-up firms.

Erosion Factor 3:
External Options for Ideas Sitting on the Shelf

The earlier tensions between the incentives of the research group and
those of the development group gave rise to a buffer inventory of ideas
sitting on the shelf. The tensions between these functions are not new,
but now there is an important difference. As a result of the combination
of erosion factors 1 and 2 (mobility and availability of workers, and VC)
there exists a sccond, outside path to market for many of these ideas. If
left on their own to wait until a development group works on them,
these ideas might instead go outside on their own (shown as the dotted
line in figure 2-4).

As product life cycles shorten and as external options grow, it be-
comes increasingly important for companies to increase the metabolic
rate at which they process knowledge. Customers won’t wait indefi-
nitely for better products, and competitors won’t make them wait for
those products. If a company’s internal development organization is not
ready to use a new research result, it cannot blithely assume that the re-
sult will always remain on the shelf, available whenever the development
group chooses to work with it. Disillusioned employees, possibly fi-
nanced by VC, have other ways of commercializing their ideas. And
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FIGURE 2-4

The Qutside Option for kieas on the Shelf
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there may be new markets to explore with these ideas, which the estab-
lished company may be poorly suited to address.

Erosion Factor 4:
The Increasing Capability of External Suppliers

When companies like IBM wanted to increase the performance of their
early mass-storage systems, they found that they could not rely on ex-
ternal suppliers to supply components of sufficient technical capability
in sufficient volume with high quality. More generally, companies seek-
ing to create new products and services in the middle of the twentieth
century found that the surrounding environment lacked the reqguisite
knowledge, production experience, and financial capital to serve as reli-
able partners in building the materials, components, and systems needed
to serve the market.

"Thanks to the confluence of many of the factors already noted, such
as the expansion of universities and university enrollments, the avail-
ability of well-trained workers to companies of all sizes, and the in-
creased presence of VC, the external supply base is much more exten-
sively developed in most industries today than it was after World War 11,
These suppliers’ offerings are now often of equal or superior quality to
what a company can achieve internally.
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"The presence of capable external suppliers is a double-edged sword
for large companies with extensive internal R&1) investments, On the
one hand, it supports the ability to apply these R&D vestments in a
wide variety of areas in less time than it would take if the company had
to perform every function in the value chain on its own. The large com-
panies can thus move faster and cover more potental market opportu-
nities. On the other hand, these external suppliers are available to all
comers, which places pressure on companies that have built up substan-
tial inventories of R&ID projects currently sitting on the shelf, These ex-
ternal suppliers let other companies move faster and serve a wider range
of markets as well. This could enable the unused buffer inventory of
ideas and technologies lying on the shelf between research and develop-
ment to move out of the firm into the market, with or without the par-
ticipation of the company that funded the original R&D.

The Erosion of the Closed Innovation Paradigm

These erosion factors have loosened the linkage between research and
developmentin the Closed Innovation paradigim. Ideas can no longer be
inventoried on the shelf, because they will leak out to the broader envi-
ronment over time. A company that fails to utilize its technology may
later see variants of those ideas exploited by other firms.

At the same time, these erosion factors collectively create a rich va-
riety of possible research inputs available outside the firm. These exter-
nal results could be brought into the firm and turned into new products
and services. What previously was a fundamentally closed, internal en-
vironment (where the firm had to create ideas in order to use them) has
transformed into an open environment (where the firm can create ideas
for external and internal use, and the firm can access ideas from the out-
side as well as from within).

More subtly, these erosion factors have rearranged the landscape
of knowledge. The distribution of knowledge has shifted away from
the tall towers of centeal R&D facilities, toward variegated pools of
knowledge distributed across the Jandscape. Companies can find vital
knowledge in customers, suppliers, universities, national labs, consortia,
consultants, and even start-up firms. Companies must structure them-
selves to leverage these distributed pools, instead of ignoring them in
the pursuit of their internal R&D agendas. Increasingly, companies can-
not expect to warehouse their technologies until their own businesses
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make use of them. If a company does not use its ideas with alacricy, it
may lose those ideas to outside organizations.

This shift in the knowledge landscape is disturbing wo people famil-
tar with the earlier paradigm. Isn’t it problematic for ideas to start in the
firm, but then leak outside? If the firm invests in research, but the results
leak out to other firms, which free-ride on the investing firm’ efforts,
how can the original firm continue to invest in research going forward?
Where will the vital discoveries and breakthroughs come from? Seen
from the perspective of the Closed Innovation paradigm, these are valid,
even urgent questions. Seen from the perspective of a broader knowl-
edge landscape, though, they put the emphasis on the wrong issues and
distract firms from how they might profit from a different knowledge
landscape. How firms can benefit from a different innovation model will
be the focus of chapter 3.



