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In Gratitude

Although this book lists only one author, in reatie ideas it molds together were contributed and
refined by many extraordinarily insightful and $etf colleagues. The work began when Professors
Kim Clark, Joseph Bower, Jay Light, and John McArttook the risk of admitting and financing a
middle-aged man's way into and through the HarBarsiness School's doctoral program in 1989. In
addition to these mentors, Professors Richard Ridsem, Howard Stevenson, Dorothy Leonard,
Richard Walton, Bob Hayes, Steve Wheelwright, aedtBowen helped throughout my doctoral
research to keep my thinking sharp and my standards/idence high, and to embed what | was
learning within the streams of strong scholarshgi had preceded what | was attempting to research.
None of these professors needed to spend so mubkipobusy lives guiding me as they did, and I wil
be forever grateful for what they taught me abbatdubstance and process of scholarship.

| am similarly indebted to the many executives angployees of companies in the disk drive industry
who opened their memories and records to me &l tiv understand what had driven them in the
particular courses they had taken. In particukamels Porter, editor &fisk/Trend Reportppened his
extraordinary archives of data, enabling me to meawhat has happened in the disk drive industry
with a level of completeness and accuracy thatdcbaldone in few other settings. The model of the
industry’s evolution and revolution that these raed women helped me construct has formed the
theoretical backbone for this book. | hope thed finto be a useful tool for making sense of tipaist,
and a helpful guide for some of their decisionthimfuture.

During my tenure on the Harvard Business Schoallfgcother colleagues have helped refine this
book’s ideas even more. Professors Rebecca HemdansbJames Utterback of MIT, Robert
Burgelman of Stanford, and David Garvin, Gary Pesand Marco lansiti of the Harvard Business
School have been particularly helpful. Research@ates Rebecca Voorheis, Greg Rogers, Bret Baird,
Jeremy Dann, Tara Donovan, and Michael OverdortpesiMarjorie Williams, Steve Prokesch, and
Barbara Feinberg; and assistants Cheryl DruckeemMeredith Anderson, and Marguerite Dole, have
likewise contributed untold amounts of data, adviesight, and work.

| am grateful to my students, with whom | have dg&ged and refined the ideas put forward in this
book. On most days | leave class wondering whyt pgél and why my students pay tuition, given that
it is | who have learned the most from our intaawt. Every year they leave our school with their
degrees and scatter around the world, without wtaleding how much they have taught their teachers.
I love them and hope that those who come acrosdtok will be able to recognize in it the fruifs o
their puzzled looks, questions, comments, andcsitis.

My deepest gratitude is to my family—my wife Chingt and our children Matthew, Ann, Michael,
Spencer, and Catherine. With unhesitating faithsambort they encouraged me to pursue my lifelong
dream to be a teacher, amidst all of the demant@nufy life. Doing this research on disruptive
technologies has indeed been disruptive to theterins of time and absence from home, and | am
forever grateful for their love and support. Chnist in particular, is the smartest and most patien
person | have known. Most of the ideas in this bwekt home on some night over the past five years
in half-baked condition and returned to Harvardribgt morning having been clarified, shaped, and
edited through my conversations with her. Shegeeat colleague, supporter, and friend. | deditidte
book to her and our children.
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Introduction

This book is about the failure of companies to stap their industries when they confront certain
types of market and technological change. It'satmiut the failure of simply any company, but of
goodcompanies—the kinds that many managers have adiauire tried to emulate, the companies
known for their abilities to innovate and execi@empanies stumble for many reasons, of course,
among them bureaucracy, arrogance, tired execbkdasl, poor planning, short-term investment
horizons, inadequate skills and resources, angjast bad luck. But this book is not about compani
with such weaknesses: It is about well-managed emmep that have their competitive antennae up,
listen astutely to their customers, invest aggvesgin new technologies, and yet still lose market
dominance.

Such seemingly unaccountable failures happen sitnigs that move fast and in those that move
slow; in those built on electronics technology #&make built on chemical and mechanical technology;
in manufacturing and in service industries. SearsdRck, for example, was regarded for decades as
one of the most astutely managed retailers in thiddwAt its zenith Sears accounted for more than 2
percent of all retail sales in the United Statepidneered several innovations critical to thecess of
today’s most admired retailers: for example, sugblgtin management, store brands, catalogue
retailing, and credit card sales. The esteem ithwBiears’ management was held shows in this 1964
excerpt fromFortune: “How did Sears do it? In a way, the most arresisgect of its story is that
there was no gimmick. Sears opened no big bagositrshot off no skyrockets. Instead, it looked as
though everybody in its organization simply did thght thing, easily and naturally. And their
cumulative effect was to create an extraordinarygrbouse of a company.”

Yet no one speaks about Sears that way today. Ssméhcompletely missed the advent of discount
retailing and home centers. In the midst of todagtlogue retailing boom, Sears has been driven
from that business. Indeed, the very viabilitytefrietailing operations has been questioned. One
commentator has noted that “Sears’ Merchandise (GSiast $1.3 billion (in 1992) even before a $1.7
billion restructuring charge. Sears let arrogano®lhbt to basic changes taking place in the Aneanic
marketplace® Another writer has complained,

Sears has been a disappointment for investors ahe Wwatched its stock sink dismally in the face of
unkept promises of a turnaround. Sears’ old medisarg approach—a vast, middle-of-the-road array
of mid-priced goods and services—is no longer cditipe. No question, the constant
disappointments, the repeated predictions of atound that never seems to come, have reduced the
credibility of Sears’ management in both the firiahand merchandising communitiés.

It is striking to note that Sears received its émtes at exactly the time—in the mid-1960s—when it
was ignoring the rise of discount retailing and learenters, the lower-cost formats for marketing
name-brand hard goods that ultimately strippedsSekits core franchise. Sears was praised asfone o
the best-managed companies in the world at thetiagyit let Visa and MasterCard usurp the
enormous lead it had established in the use oftarars in retailing.

In some industries this pattern of leadership failias been repeated more than once. Consider the
computer industry. IBM dominated the mainframe meatkut missed by years the emergence of
minicomputers, which were technologically much denphan mainframes. In fact, no other major
manufacturer of mainframe computers became a ggnifplayer in the minicomputer business.
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Digital Equipment Corporation created the minicomgpumarket and was joined by a set of other
aggressively managed companies: Data General, PVifaeg, Hewlett-Packard, and Nixdorf. But
each of these companies in turn missed the degleigonal computer market. It was left to Apple
Computer, together with Commodore, Tandy, and IBMand-alone PC division, to create the
personal-computing market. Apple, in particularswaiquely innovative in establishing the standard
for user-friendly computing. But Apple and IBM laggyfive years behind the leaders in bringing
portable computers to market. Similarly, the firtingt built the engineering workstation market—
Apollo, Sun, and Silicon Graphics—were all newcosrterthe industry.

As in retailing, many of these leading computer afaaturers were at one time regarded as among the
best-managed companies in the world and were Ipehy yournalists and scholars of management as
examples for all to follow. Consider this assessneéigital Equipment, made in 1986: “Taking on
Digital Equipment Corp. these days is like standimfyont of a moving train. The $7.6 billion

computer maker has been gathering speed while nwaig are stalled in a slump in the computer
industry.” The author proceeded to warn IBM to watch outabse it was standing on the tracks.
Indeed, Digital was one of the most prominenthtdead companies in the McKinsey study that led to
the bookin Search of Excellence.

Yet a few years later, writers characterized DE@eggifferently:

Digital Equipment Corporation is a company in neéttiage. Sales are drying up in its key
minicomputer line. A two-year-old restructuring plaas failed miserably. Forecasting and production
planning systems have failed miserably. Cost-cgttiasn’t come close to restoring profitability.. . .

But the real misfortune may be DEC'’s lost oppottiesi It has squandered two years trying halfway
measures to respond to the low-margin personal atargpand workstations that have transformed the
computer industry.

In Digital’s case, as in Sears, the very decistbas led to its decline were made at the time & s@
widely regarded as being an astutely managed firmmas praised as a paragon of managerial
excellence at the very time it was ignoring thevairof the desktop computers that besieged ia fe
years later.

Sears and Digital are in noteworthy company. Xdomg dominated the market for plain paper
photocopiers used in large, high-volume copyingesn Yet it missed huge growth and profit
opportunities in the market for small tabletop @naipiers, where it became only a minor player.
Although steel minimills have now captured 40 patad the North American steel market, including
nearly all of the region’s markets for bars, raasg structural steel, notsingleintegrated steel
company—American, Asian, or European—had by 1996 &yplant using minimill technology. Of
the thirty manufacturers of cable-actuated powewsls, only four survived the industry’s twentydiv
year transition to hydraulic excavation technology.

As we shall see, the list of leading companies fdidgd when confronted with disruptive changes in
technology and market structure is a long oneirat flance, there seems to be no pattern in the
changes that overtook them. In some cases theaahmdlogies swept through quickly; in others, the
transition took decades. In some, the new techiedogere complex and expensive to develop. In
others, the deadly technologies were simple extessif what the leading companies already did
better than anyone else. One theme common to #iese failures, however, is that the decisiont tha
led to failure were made when the leaders in qolestiere widely regarded as among the best
companies in the world.



There are two ways to resolve this paradox. Ondintig to conclude that firms such as Digital, IBM,
Apple, Sears, Xerox, and Bucyrus Erie musterhave been well managed. Maybe they were
successful because of good luck and fortuitousigmiather than good management. Maybe they
finally fell on hard times because their good faguan out. Maybe. An alternative explanation,
however, is that these failed firms were as well-as one could expect a firm managed by mortals to
be—but that there is something about the way dmtésgjet made in successful organizations that sows
the seeds of eventual failure.

The research reported in this book supports tktsrlaiew: It shows that in the cases of well-masthg
firms such as those cited abogepdmanagement was the most powerful reason theydftolstay

atop their industries. Precisddgcausehese firms listened to their customers, invesggtessively in
new technologies that would provide their custonmeose and better products of the sort they wanted,
and because they carefully studied market trendsgstematically allocated investment capital to
innovations that promised the best returns, thsytleeir positions of leadership.

What this implies at a deeper level is that manyioat are now widely accepted principles of good
management are, in fact, only situationally appedpr There are times at which it is rigiat to listen

to customers, right to invest in developing lowerfprmance products that promisgver margins,

and right to aggressively pursue small, rather gubstantial, markets. This book derives a setleky
from carefully designed research and analysismvative successes and failures in the disk dmine a
other industries, that managers can use to judga\wie widely accepted principles of good
management should be followed and when alternativeiples are appropriate.

These rules, which | cglirinciples of disruptive innovatioshow that when good companies fall, it
often has been because their managers either @jttuese principles or chose to fight them. Managers
can be extraordinarily effective in managing eV most difficult innovations if they work to
understand and harness the principles of disruptivevation. As in many of life’s most challenging
endeavors, there is great value in coming to gmpis “the way the world works,” and in managing
innovative efforts in ways that accommodate sucbes.

The Innovator’s Dilemmaés intended to help a wide range of managers,utargs, and academics in
manufacturing and service businesses—high teabvein slowly evolving or rapidly changing
environments. Given that aingchnologyas used in this book, means the processes by ahich
organization transforms labor, capital, materiaig] information into products and services of great
value. All firms have technologies. A retailer lisears employs a particular technology to procure,
present, sell, and deliver products to its custemehile a discount warehouse retailer like PricgCo
employs a different technology. This concept ohtestogy therefore extends beyond engineering and
manufacturing to encompass a range of marketinvgsiment, and managerial process@sovation
refers to a change in one of these technologies.

THE DILEMMA

To establish the theoretical depth of the ideakigbook, the breadth of their usefulness, anit the
applicability to the future as well as the pastaVve divided this book into two parts. Part Oneptars

1 through 4, builds a framework that explains wbyrgl decisions by great managers can lead firms to
failure. The picture these chapters paint is ttht of an innovator’s dilemma: the logical, conguet
decisions of management that are critical to theess of their companies are also the reasons why
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they lose their positions of leadership. Part Tef@pters 5 through 10, works to resolve the dilemma
Building on our understanding of why and under whiatumstances new technologies have caused
great firms to fail, it prescribes managerial solus to the dilemma—how executives can
simultaneously do what is right for the near-temalth of their established businesses, while fogusi
adequate resources on the disruptive technoldggsuttimately could lead to their downfall.

Building a Failure Framework

| begin this book by digging deep before extendirggdiscussion to draw general conclusions. The
first two chapters recount in some detail the st the disk drive industry, where the saga afdd-
companies-hitting-hard-times” has been played wat and over again. This industry is an ideal field
for studying failure because rich data about iseand because, in the words of Harvard Business
School Dean Kim B. Clark, it is “fast history.” Jast a few years, market segments, companies, and
technologies have emerged, matured, and declindg.t®@ice in the six times that new architectural
technologies have emerged in this field has thastig’'s dominant firm maintained its lead in the
subsequent generation. This repetitive pattermitfre in the disk drive industry allowed me fitst
develop a preliminary framework that explained wing best and largest firms in the early generations
of this industry failed and then to test this framek across subsequent cycles in the industryt®iyis
to see whether it was robust enough to contingxptain failures among the industry’s more recent
leaders.

Chapters 3 and 4 then deepen our understandingyfthe leading firms stumbled repeatedly in the
disk drive industry and, simultaneously, test thesldth of the framework’s usefulness by examining
the failure of firms in industries with very diffemt characteristics. Hence, chapter 3, explorieg th
mechanical excavator industry, finds that the stao®rs that precipitated the failure of the leadin
disk drive makers also proved to be the undointpefeading makers of mechanical excavators, in an
industry that moves with a very different pace seahnological intensity. Chapter 4 completes the
framework and uses it to show why integrated stesipanies worldwide have proven so incapable of
blunting the attacks of the minimill steel makers.

WHY GOOD MANAGEMENT CAN LEAD TO FAILURE

The failure framework is built upon three findinfgem this study. The first is that there is a
strategically important distinction between whaall sustainingtechnologies and those that are
disruptive.These concepts are very different from the increaleversus-radical distinction that has
characterized many studies of this problem. Seciredpace of technological progress can, and often
does, outstrip what markets need. This meanslikateilevance and competitiveness of different
technological approaches can change with respetiffesent markets over time. And third, customers
and financial structures of successful companiés ¢eeavily the sorts of investments that appedreto
attractive to them, relative to certain types deeng firms.

Sustaining versus Disruptive Technologies
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Most new technologies foster improved product penence. | call thessustaining technologies.

Some sustaining technologies can be discontinuotesdacal in character, while others are of an
incremental nature. What all sustaining techno®giave in common is that they improve the
performance of established products, along the mmas of performance that mainstream customers
in major markets have historically valued. Moshtealogical advances in a given industry are
sustaining in character. An important finding rdeean this book is that rarely have even the most
radically difficult sustaining technologies pre¢gied the failure of leading firms.

Occasionally, howevedisruptive technologiesmerge: innovations that resultimrseproduct
performance, at least in the near-term. Ironicallygach of the instances studied in this bookai
disruptive technology that precipitated the leadings’ failure.

Disruptive technologies bring to a market a veffedent value proposition than had been available
previously. Generally, disruptive technologies upeéeform established products in mainstream
markets. But they have other features that a fewgdr(and generally new) customers value. Products
based on disruptive technologies are typically ppeasimpler, smaller, and, frequently, more
convenient to use. There are many examples iniaddd the personal desktop computer and discount
retailing examples cited above. Small off-road moyoles introduced in North America and Europe
by Honda, Kawasaki, and Yamaha were disruptiverteldiyies relative to the powerful, over-the-road
cycles made by Harley-Davidson and BMW. Transistegge disruptive technologies relative to
vacuum tubes. Health maintenance organizations gisreptive technologies to conventional health
insurers. In the near future, “internet applianaasty become disruptive technologies to suppliers of
personal computer hardware and software.

Trajectories of Market Need versus Technology Imgmoent

The second element of the failure framework, theeolation that technologies can progress fastar tha
market demand, illustrated in Figure I.1, meansithéheir efforts to provide better products ttiaeir
competitors and earn higher prices and margingl&up often “overshoot” their market: They give
customers more than they need or ultimately arengito pay for. And more importantly, it means

that disruptive technologies that may underperftoday, relative to what users in the market demand,
may be fully performance-competitive in that sansgkat tomorrow.

Many who once needed mainframe computers for thadax processing requirements, for example, no
longer need or buy mainframes. Mainframe perforredras surpassed the requirements of many
original customers, who today find that much of wth&y need to do can be done on desktop machines
linked to file servers. In other words, the neetdsiany computer users have increased more slowly
than the rate of improvement provided by compuésighers. Similarly, many shoppers who in 1965
felt they had to shop at department stores to bared of quality and selection now satisfy thosedse
quite well at Target and Wal-Matrt.

Figure 1.1 The Impact of Sustaining and Disruptive TechnatagChange
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Disruptive Technologies versus Rational Investments

The last element of the failure framework, the d¢asion by established companies that investing
aggressively in disruptive technologies is notteoreal financial decision for them to make, hasér
bases. First, disruptive products are simpler de@per; they generally promise lower margins, not
greater profits. Second, disruptive technologigsclly are first commercialized in emerging or
insignificant markets. And third, leading firms’ stqrofitable customers generally don’t want, and
indeed initially can’t use, products based on gisue technologies. By and large, a disruptive
technology is initially embraced by the least padfle customers in a market. Hence, most companies
with a practiced discipline of listening to thegdt customers and identifying new products that
promise greater profitability and growth are rarahje to build a case for investing in disruptive
technologies until it is too late.

TESTING THE FAILURE FRAMEWORK

This book defines the problem of disruptive tecbhgas and describes how they can be managed,
taking care to establish what researchers calhtieenal andexternalvalidity of its propositions.
Chapters 1 and 2 develop the failure frameworkedontext of the disk drive industry, and theiahit
pages of chapters 4 through 8 return to that imgastbuild a progressively deeper understanding of
why disruptive technologies are such vexatious phesna for good managers to confront
successfully. The reason for painting such a coragieture of a single industry is to establish the
internal validity of the failure framework. If asmework or model cannot reliably explain what
happened within a single industry, it cannot bdiadfdo other situations with confidence.

Chapter 3 and the latter sections of chaptersaugiir 9 are structured to explore the external iglid

of the failure framework—the conditions in which wight expect the framework to yield useful
insights. Chapter 3 uses the framework to examimgtive leading makers of cable excavators were
driven from the earthmoving market by makers ofraytic machines, and chapter 4 discusses why the
world’s integrated steel makers have flounderetthénface of minimill technology. Chapter 5 uses the
model to examine the success of discount retailelative to conventional chain and department
stores, and to probe the impact of disruptive tetdgies in the motor control and printer industries
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Chapter 6 examines the emerging personal digisat@ast industry and reviews how the electric motor
control industry was upended by disruptive techgpl&€hapter 7 recounts how entrants using
disruptive technologies in motorcycles and logrcuitry dethroned industry leaders; chapter 8 shows
how and why computer makers fell victim to disroptiand chapter 9 spotlights the same phenomena
in the accounting software and insulin businesShapter 10 applies the framework to a case study of
the electric vehicle, summarizing the lessons kedufnrom the other industry studies, showing how the
can be used to assess the opportunity and thredeaific vehicles, and describing how they might b
applied to make an electric vehicle commerciallycassful. Chapter 11 summarizes the book’s
findings.

Taken in sum, these chapters present a theorgtstading, broadly valid, and managerially practical
framework for understanding disruptive technologied how they have precipitated the fall from
industry leadership of some of history’s best-mathgompanies.

HARNESSING THE PRINCIPLES OF DISRUPTIVE INNOVATION

Colleagues who have read my academic papers negahie findings recounted in chapters 1 through 4
were struck by their near-fatalism. If good managenpractice drives the failure of successful firms
faced with disruptive technological change, thenubual answers to companies’ problems—planning
better, working harder, becoming more customereirj\and taking a longer-term perspective—all
exacerbatahe problem. Sound execution, speed-to-marketdl tptality management, and process
reengineering are similarly ineffective. Needlassady, this is disquieting news to people who teach
future managers!

Chapters 5 through 10, however, suggest that ajththe solution to disruptive technologies canrmet b
found in the standard tool kit of good managemirte are, in fact, sensible ways to deal effelytive
with this challenge. Every company in every indystorks under certain forces—laws of
organizational nature—that act powerfully to defivieat that company can and cannot do. Managers
faced with disruptive technologies fail their com@s when these forces overpower them.

By analogy, the ancients who attempted to fly bgting feathered wings to their arms and flapping
with all their might as they leapt from high plagesgariably failed. Despite their dreams and hard
work, they were fighting against some very poweffutes of nature. No one could be strong enough
to win this fight. Flight became possible only afpeople came to understand the relevant natusesl la
and principles that defined how the world workédg: law of gravity, Bernoulli’'s principle, and the
concepts of lift, drag, and resistance. When petti@a designed flying systems that recognized or
harnessed the power of these laws and princi@éser than fighting them, they were finally able to
fly to heights and distances that were previousiynaginable.

The objective of chapters 5 through 10 is to prepbg existence of five laws or principles of

disruptive technology. As in the analogy with mashfigght, these laws are so strong that managers
who ignore or fight them are nearly powerless totgheir companies through a disruptive technology
storm. These chapters show, however, that if masaga understand and harness these forces, rather
than fight them, they can in fact succeed specaaigulvhen confronted with disruptive technological
change. | am particularly anxious that managerd tiease chapters fonderstandingtather than for
simple answers. | am very confident that the gnembagers about whom this book is written will be
very capable on their own of finding the answegt thest fit their circumstances. But they must firs
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understand what has caused those circumstanceshatdorces will affect the feasibility of their
solutions. The following paragraphs summarize tipeseiples and what managers can do to harness
or accommodate them.

Principle #1: Companies Depend on Customers anddtors for Resources

The history of the disk drive industry shows the established firms stayed atop wave after wave of
sustaining technologies (technologies that thestamuers needed), while consistently stumbling over
simpler disruptive ones. This evidence supportshiery of resource dependent€hapter 5
summarizes this theory, which states that whileagans mayhink they control the flow of resources
in their firms, in the end it is really customerslanvestors who dictate how money will be spent
because companies with investment patterns that sktsfy their customers and investors don’t
survive. The highest-performing companies, in faot, those that are the best at this, that is, ey
well-developed systems for killing ideas that tleistomers don’t want. As a result, these companies
find it very difficult to invest adequate resourgeslisruptive technologies—lower-margin
opportunities that their customers don’t want—utttdir customers want them. And by then it is too
late.

Chapter 5 suggests a way for managers to aligamels this law with their efforts to confront
disruptive technology. With few exceptions, theyomistances in which mainstream firms have
successfully established a timely position in augisve technology were those in which the firms’
managers set up an autonomous organization chaige8uilding a new and independent business
around the disruptive technology. Such organizatitnee of the power of the customers of the
mainstream company, ensconce themselves amonfgeedifset of customers—those whkantthe
products of the disruptive technology. In other @grcompanies can succeed in disruptive
technologies when their managers align their ogditinswith the forces of resource dependence,
rather than ignoring or fighting them.

The implication of this principle for managershat, when faced with a threatening disruptive
technology, people and processes in a mainstregamization cannot be expected to allocate freely
the critical financial and human resources needeazitve out a strong position in the small, emeygin
market. It is very difficult for a company whoseststructure is tailored to compete in high-end
markets to be profitable in low-end markets as welkating an independent organization, with a cost
structure honed to achieve profitability at the lmargins characteristic of most disruptive
technologies, is the only viable way for establgsfiems to harness this principle.

Principle #2: Small Markets Don’t Solve the Growtheds of Large Companies

Disruptive technologies typically enable new masketemerge. There is strong evidence showing that
companies entering these emerging markets earky sigwificant first-mover advantages over later
entrants. And yet, as these companies succeedrandayger, it becomes progressively more difficult
for them to enter the even newer small marketsrdssto become the large ones of the future.
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To maintain their share prices and create intesppbrtunities for employees to extend the scope of
their responsibilities, successful companies neambhtinue to grow. But while a $40 million company
needs to find just $8 million in revenues to grav2@ percent in the subsequent year, a $4 billion
company needs to find $800 million in new sales.Ndw markets are that large. As a consequence, the
larger and more successful an organization becaimesyeaker the argument that emerging markets
can remain useful engines for growth.

Many large companies adopt a strategy of waiting naw markets are “large enough to be
interesting.” But the evidence presented in cha@t&nows why this is not often a successful styateg

Those large established firms that have succegseized strong positions in the new markets exable
by disruptive technologies have done so by givegponsibility to commercialize the disruptive
technology to an organization whose size matchedaitte of the targeted market. Small organizations
can most easily respond to the opportunities forwtjn in a small market. The evidence is strong that
formal and informal resource allocation processakenit very difficult for large organizations toclas
adequate energy and talent on small markets, etien Wogic says they might be big someday.

Principle #3: Markets that Don’t Exist Can’t Be Apzed

Sound market research and good planning followeeXegution according to plan are hallmarks of
good management. When applied to sustaining teogiwall innovation, these practices are invaluable;
they are the primary reason, in fact, why estabtistirms led in every single instance of sustaining
innovation in the history of the disk drive indystSuch reasoned approaches are feasible in dealing
with sustaining technology because the size andtgroates of the markets are generally known,
trajectories of technological progress have be@bbshed, and the needs of leading customers have
usually been well articulated. Because the vasbntgjof innovations are sustaining in characteostn
executives have learned to manage innovation ustaming context, where analysis and planning
were feasible.

In dealing with disruptive technologies leadinghew markets, however, market researchers and
business planners have consistently dismal recbrdact, based upon the evidence from the disk
drive, motorcycle, and microprocessor industriesiawed in chapter 7, the only thing we may know
for sure when we read experts’ forecasts aboutlhaye emerging markets will become is that they
are wrong.

In many instances, leadership in sustaining innomat—about which information is known and for
which plans can be made—is not competitively imgatrtIn such cases, technology followers do

about as well as technology leaders. It is in ¢isve innovations, where we know least about the
market, that there are such strong first-mover athges. This is the innovator’s dilemma.

Companies whose investment processes demand deetidifi of market sizes and financial returns
before they can enter a market get paralyzed oemmakous mistakes when faced with disruptive
technologies. They demand market data when noséseasid make judgments based upon financial
projections when neither revenues or costs caflacin be known. Using planning and marketing
techniques that were developed to manage sustamdhgologies in the very different context of
disruptive ones is an exercise in flapping wings.
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Chapter 7 discusses a different approach to syrated planning that recognizes the law that thietrig
markets, and the right strategy for exploiting theannot be known in advance. Called discovery-
based planning, it suggests that managers assat®tbcasts are wrong, rather than right, and that
the strategy they have chosen to pursue may likelgswvrong. Investing and managing under such
assumptions drives managers to develop plansdonitey what needs to be known, a much more
effective way to confront disruptive technologiesessfully.

Principle #4: An Organization’s Capabilities Defitis Disabilities

When managers tackle an innovation problem, theynctively work to assign capable people to the
job. But once they’ve found the right people, toany managers then assume that the organization in
which they’ll work will also be capable of succesgliat the task. And that is dangerous—because
organizations have capabilities that exist indepetlg of the people who work within them. An
organization’s capabilities reside in two placese Tirst is in its processes—the methods by which
people have learned to transform inputs of laboergy, materials, information, cash, and technology
into outputs of higher value. The second is indtganization’s values, which are the criteria that
managers and employees in the organization use mha&mg prioritization decisions. People are quite
flexible, in that they can be trained to succeeguite different things. An employee of IBM, for
example, can quite readily change the way he ongks, in order to work successfully in a small
start-up company. But processes and values arfierdile. A process that is effective at managing t
design of a minicomputer, for example, would bdfewtive at managing the design of a desktop
personal computer. Similarly, values that causel@yegs to prioritize projects to develop high-margi
products, cannot simultaneously accord prioritiot@-margin products. The very processes and values
that constitute an organization’s capabilities me @ontext, define itdisabilities in another context.

Chapter 8 will present a framework that can hetpamager understand precisely where in his or her
organization its capabilities and disabilities desiDrawing on studies in the disk drive and coraput
industries, it offers tools that managers can asgdate new capabilities, when the processes and
values of the present organization would rendercéipable of successfully addressing a new problem.

Principle #5: Technology Supply May Not Equal MarRemand

Disruptive technologies, though they initially camly be used in small markets remote from the
mainstream, are disruptive because they subseguamtibecome fully performance-competitive
within the mainstream market against establishedymts. As depicted iRigure 1.1, this happens
because the pace of technological progress in ptedtequently exceeds the rate of performance
improvement that mainstream customers demand oalesorb. As a consequence, products whose
features and functionality closely match marketdseteday often follow a trajectory of improvement
by which they overshoot mainstream market needstaw. And products that seriously
underperform today, relative to customer expeatatia mainstream markets, may become directly
performance-competitive tomorrow.

Chapter 9 shows that when this happens, in madsetiiverse as disk drives, accounting software, and
diabetes care, the basis of competition—the caitleyi which customers choose one product over
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another—changes. When the performance of two oemoampeting products has improved beyond
what the market demands, customers can no longerthair choice upon which is the higher
performing product. The basis of product choicem#volves from functionality to reliability, theén
convenience, and, ultimately, to price.

Many students of business have described phagke pfoduct life cycle in various ways. But chapter
9 proposes that the phenomenon in which produébmeance overshoots market demands is the
primary mechanism driving shifts in the phasedefgroduct life cycle.

In their efforts to stay ahead by developing contipety superior products, many companies don’t
realize the speed at which they are moving up-nadker-satisfying the needs of their original
customers as they race the competition toward higagormance, higher-margin markets. In doing
So, they create a vacuum at lower price pointswitech competitors employing disruptive
technologies can enter. Only those companies #rafully measure trends in how their mainstream
customerausetheir products can catch the points at which #eadof competition will change in the
markets they serve.

LESSONS FOR SPOTTING DISRUPTIVE THREATS AND OPPORTUNITIES

Some managers and researchers familiar with tldese ihave arrived at this point in the story in an
anxious state because the evidence is very sthagven the best managers have stumbled badly
when their markets were invaded by disruptive tetigies. Most urgently, they want to know
whether their own businesses are targets for ankatig disruptive technologist and how they can
defend their business against such an attack befigreoo late. Others, interested in finding
entrepreneurial opportunities, wonder how theyidentify potentially disruptive technologies around
which new companies and markets can be built.

Chapter 10 addresses these questions in a ratbenwentional way. Rather than offering a checklist
of questions to ask or analyses to perform, ittesea case study of a particularly vexing but well-
known problem in technological innovation: the éliecvehicle. Positioning myself in the role of
protagonist—as the program manager responsibleldéaotric vehicle development in a major
automobile manufacturing company wrestling with tendate of the California Air Resources Board
to begin selling electric vehicles in that stateexplore the question of whether electric vehickesia
fact a disruptive technology and then suggest waygsganize this program, set its strategy, and
manage it to succeed. In the spirit of all casdiety the purpose of this chaptend to advance what

| believe to be the correct answer to this innovatchallenge. Rather, it suggests a methodologlyaan
way of thinking about the problem of managing digite technological change that should prove
useful in many other contexts.

Chapter 10 thus takes us deeply into the innovathiftmma that “good” companies often begin their
descent into failure by aggressively investinghia products and services that their most profitable
customers want. No automotive company is currghtigatened by electric cars, and none
contemplates a wholesale leap into that arenaatit@mobile industry is healthy. Gasoline engines
have never been more reliable. Never before hastsgb performance and quality been available at
such low prices. Indeed, aside from governmentaldates, there is no reason why we should expect
the established car makers to pursue electric ke=hic
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But the electric cais a disruptive technology and potential future thr&ae innovator’s task is to
ensure that this innovation—the disruptive techgglthat doesn’t make sense—is taken seriously
within the company without putting at risk the need present customers who provide profit and
growth. As chapter 10 concretely lays out, the [gnwbcan be resolved only when new markets are
considered and carefully developed around new iiefis of value—and when responsibility for
building the business is placed within a focuseghoization whose size and interest are carefully
aligned with the unique needs of the market’s qusts.

WHERE DISRUPTIONS ARE HAPPENING TODAY

One of the most gratifying aspects of my life sittee first edition ofThe Innovator’s Dilemmaas
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published has been the number of people who hdlezlceepresenting industries that | had never
thought about, who have suggested that forcesasinailthose historical examples | described inghes
pages are disrupting their industries as well. Sofiteese are described in the accompanying table.
Not surprisingly, the Internet looms as an infrastural technology that is enabling the disruptién
many industries.

Each of the innovations in the right column—in them of a new technology or a new business
model—is now in the process of disrupting the dithbd order described in the left column. Will the
companies that currently lead their industries gigie technologies in the left column survive these
attacks? My hope is that the future might be défifethan the past. | believe that the futceie be
different, if managers will recognize these disiups for what they are, and address them in a Waty t
accounts for or harnesses the fundamental prircgescribed in the pages that follow.
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Part One

WHY GREAT COMPANIES
CAN FAIL

CHAPTERONE

How Can Great Firms Fail?
Insights from the Hard Disk Drive Industry

When | began my search for an answer to the pufzidy the best firms can fail, a friend offered
some sage advice. “Those who study genetics andying humans,” he noted. “Because new
generations come along only every thirty yearsopitdakes a long time to understand the cause and
effect of any changes. Instead, they study frigsflbecause they are conceived, born, maturejiand
all within a single day. If you want to understamdy something happens in business, study the disk
drive industry. Those companies are the closesg#hio fruit flies that the business world will eve
see.”

Indeed, nowhere in the history of business hagtheen an industry like disk drives, where chamges
technology, market structure, global scope, anticatrintegration have been so pervasive, rapid, an
unrelenting. While this pace and complexity mighataonightmare for managers, my friend was right
about its being fertile ground for research. Fedustries offer researchers the same opportunires f
developing theories about how different types @frade cause certain types of firms to succeed lor fai
or for testing those theories as the industry repigmcycles of change.

This chapter summarizes the history of the diskedmdustry in all its complexity. Some readerd wil
be interested in it for the sake of history itseBfut the value of understanding this history is that of
its complexity emerge a few stunningly simple andsistent factors that have repeatedly determined
the success and failure of the industry’s bestdir8imply put, when the best firms succeeded, diey
so because they listened responsively to theioousts and invested aggressively in the technology,
products, and manufacturing capabilities that Batigheir customers’ next-generation needs. But,
paradoxically, when the best firms subsequentledait was for the same reasons—they listened
responsively to their customers and invested agiyely in the technology, products, and
manufacturing capabilities that satisfied theirtoosers’ next-generation needs. This is one of the
innovator’s dilemmas: Blindly following the maxirhat good managers should keep close to their
customers can sometimes be a fatal mistake.

The history of the disk drive industry provideganiework for understanding when “keeping close to
your customers” is good advice—and when it is e robustness of this framework could only be
explored by researching the industry’s historyanetul detail. Some of that detail is recountedeher
and elsewhere in this book, in the hope that resadbp are immersed in the detail of their own
industries will be better able to recognize howiksinpatterns have affected their own fortunes and
those of their competitors.
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HOW DISK DRIVES WORK

Disk drives write and read information that compsitese. They comprise read-write heads mounted at
the end of an arm that swings over the surfacerofading disk in much the same way that a
phonograph needle and arm reach over a recordjralomor glass disks coated with magnetic
material; at least two electric motors, a spin mthat drives the rotation of the disks and an a@ctu
motor that moves the head to the desired positien the disk; and a variety of electronic circuiltat
control the drive’s operation and its interfacehvthie computer. See Figure 1.1 for an illustrabba
typical disk drive.

Figure 1.1Primary Components of a Typical Disk Drive

The read-write head is a tiny electromagnet whadaripy changes whenever the direction of the
electrical current running through it changes. Bseaopposite magnetic poles attract, when the
polarity of the head becomes positive, the polaitthe area on the disk beneath the head switoches
negative, and vice versa. By rapidly changing tinection of current flowing through the head’s
electromagnet as the disk spins beneath the hessdygence of positively and negatively oriented
magnetic domains are created in concentric trankb® disk’s surface. Disk drives can use the
positive and negative domains on the disk as aypmameric system-+and0—to “write”

information onto disks. Drives read informationrfralisks in essentially the opposite process: Change
in the magnetic flux fields on the disk surfaceuod changes in the micro current flowing through th
head.

EMERGENCE OF THE EARLIEST DISK DRIVES

A team of researchers at IBM’s San Jose reseabchndtories developed the first disk drive between
1952 and 1956. Named RAMAC (for Random Access Mefoo Accounting and Control), this drive
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was the size of a large refrigerator, incorporditeyl twenty-four-inch disks, and could store 5
megabytes (MB) of information (see Figure 1.2). Mafthe fundamental architectural concepts and
component technologies that defined today’s dontidesk drive design were also developed at IBM.
These include its removable packs of rigid diskgdiduced in 1961); the floppy disk drive (197I)da
the Winchester architecture (1973). All had a pdwedefining influence on the way engineers in the
rest of the industry defined what disk drives wane what they could do.

Figure 1.2The First Disk Drive, Developed by IBM

Source:Courtesy of International Business Machines Caton.

As IBM produced drives to meet its own needs, aefpendent disk drive industry emerged serving
two distinct markets. A few firms developed thegltompatible market (PCM) in the 1960s, selling
souped-up copies of IBM drives directly to IBM austers at discount prices. Although most of IBM’s
competitors in computers (for example, Control D8tarroughs, and Univac) were integrated
vertically into the manufacture of their own digkves, the emergence in the 1970s of smaller,
nonintegrated computer makers such as Nixdorf, \Wand Prime spawned an original equipment
market (OEM) for disk drives as well. By 1976 ab#tbillion worth of disk drives were produced, of
which captive production accounted for 50 percewt RCM and OEM for about 25 percent each.

The next dozen years unfolded a remarkable storgmél growth, market turbulence, and technology-
driven performance improvements. The value of dripeduced rose to about $18 billion by 1995. By
the mid-1980s the PCM market had become insigmfjcahile OEM output grew to represent about
three-fourths of world production. Of the seventéens populating the industry in 1976—all of

which were relatively large, diversified corporatsosuch as Diablo, Ampex, Memorex, EMM, and
Control Data—all except IBM’s disk drive operatibad failed or had been acquired by 1995. During
this period an additional 129 firms entered theaustd/, and 109 of those also failed. Aside from |IBM
Fujitsu, Hitachi, and NEC, all of the producers a@nmg by 1996 had entered the industry as stast-up
after 1976.
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Some have attributed the high mortality rate antblegntegrated firms that created the industrygo i
nearly unfathomable pace of technological chang#edd, the pace of change has been breathtaking.
The number of megabits (Mb) of information that theustry’s engineers have been able to pack into
a square inch of disk surface has increased byeB%&pt per year, on average, from 50 Kb in 1967 to
1.7 Mb in 1973, 12 Mb in 1981, and 1100 Mb by 19BBe physical size of the drives was reduced at a
similar pace: The smallest available 20 MB driveask from 800 cubic inches (fin 1978 to 1.4 irf.

by 1993—a 35 percent annual rate of reduction.

Figure 1.3 shows that the slope of the industryjsegience curve (which correlates the cumulative
number of terabytes (one thousand gigabytes) &fslwage capacity shipped in the industry’s histor
to the constant-dollar price per megabyte of meinwas 53 percent—meaning that with each
doubling of cumulative terabytes shipped, costrpegabyte fell to 53 percent of its former levelisTh
Is a much steeper rate of price decline than theerent slope observed in the markets for mogroth
microelectronics products. The price per megabgtedeclined at about 5 percent gearterfor more
than twenty years.

THE IMPACT OF TECHNOLOGICAL CHANGE

My investigation into why leading firms found it sidficult to stay atop the disk drive industry lege
to develop the “technology mudslide hypothesis”piag with the relentless onslaught of technology
change was akin to trying to climb a mudslide rggiown a hill. You have to scramble with
everything you'’ve got to stay on top of it, ang/@u ever once stop to catch your breath, you get
buried.

Figure 1.3Disk Drive Price Experience Curve
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Source:Data are from various issuesoik/Trend Report.
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To test this hypothesis, | assembled and analyzidabase consisting of the technical and
performance specifications of every model of diskalintroduced by every company in the world
disk drive industry for each of the years betwe@n5land 1994 This database enabled me to identify
the firms that led in introducing each new techggldo trace how new technologies were diffused
through the industry over time; to see which filew and which lagged; and to measure the impact
each technological innovation had on capacity, dpaed other parameters of disk drive performance.
By carefully reconstructing the history of eachhtealogical change in the industry, the changes that
catapulted entrants to success or that precipitagthilure of established leaders could be idieaqii

This study led me to a very different view of teclogy change than the work of prior scholars oa thi
guestion had led me to expect. Essentially, itagadthat neither the pace nor the difficulty of
technological change lay at the root of the leadiimgs’ failures. The technology mudslide hypotlsesi
was wrong.

The manufacturers of most products have establishegjectory of performance improvement over
time2 Intel, for example, pushed the speed of its mimopssors ahead by about 20 percent per year,
from its 8 megahertz (MHz) 8088 processor in 19/&st 133 MHz Pentium chip in 1994. Eli Lilly and
Company improved the purity of its insulin from 800 impure parts per million (ppm) in 1925 to 10
ppm in 1980, a 14 percent annual rate of improvénwhen a measurable trajectory of improvement
has been established, determining whether a ndwmaéagy is likely to improve a product’s
performance relative to earlier products is an usigoous question.

But in other cases, the impact of technologicahgeas quite different. For instance, is a notebook
computer better than a mainframe? This is an anobigguestion because the notebook computer
established a completely new performance trajectoith a definition of performance that differs
substantially from the way mainframe performanceéasured. Notebooks, as a consequence, are
generally sold for very different uses.

This study of technological change over the histdrihe disk drive industry revealed two types of
technology change, each with very different effectghe industry’s leaders. Technologies of th&t fir
sortsustainedhe industry’s rate of improvement in product perfance (total capacity and recording
density were the two most common measures) anckdaingdifficulty from incremental to radical. The
industry’s dominant firms always led in developangd adopting these technologies. By contrast,
innovations of the second salisruptedor redefined performance trajectories—and congdiste
resulted in the failure of the industry’s leadirgnis

The remainder of this chapter illustrates the dcdion between sustaining and disruptive technekogi
by describing prominent examples of each and sumimgrthe role these played in the industry’s
development. This discussion focuses on differencésw established firms came to lead or lag in
developing and adopting new technologies, compargdentrant firms. To arrive at these examples,
each new technology in the industry was examinednhlyzing which firms led and lagged at each of
these points of change, | definestablished firmso be those that had been established in the indust
prior to the advent of the technology in questjamacticing the prior technology. | definedtrant

firms as those that were new to the industry at thattditechnology change. Hence, a given firm
would be considered an entrant at one specifictpoitine industry’s history, for example, at the
emergence of the 8-inch drive. Yet the same firmildide considered an established firm when
technologies that emerged subsequent to the fiemtly were studied.
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SUSTAINING TECHNOLOGICAL CHANGES

In the history of the disk drive industry, mostteology changes have sustained or reinforced
established trajectories of product performanceawgment. Figure 1.4, which compares the average
recording density of drives that employed succesganerations of head and disk technologies, maps
an example of this. The first curve plots the dignsi drives that used conventional particulatedexi

disk technology and ferrite head technology; thmed charts the average density of drives that used
new-technology thin-film heads and disks; the tinrarks the improvements in density achievable with
the latest head technology, magneto-resistive teads

Figure 1.4Impact of New Read-Write Head Technologies in Sastg the Trajectory of Improvement
in Recording Density
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Source:Data are from various issuesitk/Trend Report.

The way such new technologies as these emergegassuthe performance of the old resembles a
series of intersecting technology S-cur¥&4ovement along a given S-curve is generally tiselteof
incremental improvements within an existing tecbgatal approach, whereas jumping onto the next
technology curve implies adopting a radically neshinology. In the cases measured in Figure 1.4,
incremental advances, such as grinding the fdragals to finer, more precise dimensions and using
smaller and more finely dispersed oxide particieshe disk’s surface, led to the improvements in
density from 1 to 20 megabits per square inch (Mdptween 1976 and 1989. As S-curve theory
would predict, the improvement in recording densityainable with ferrite/oxide technology began to
level off toward the end of the period, suggestingaturing technology. The thin-film head and disk
technologies’ effect on the industry sustainedgremfince improvement at its historical rate. Thimi
heads were barely established in the early 1999snwven more advanced magneto-resistive head
technology emerged. The impact of magneto-resistigienology sustained, or even accelerated, the
rate of performance improvement.
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Figure 1.5 describes a sustaining technologicahgb®f a very different character: an innovation in
product architecture, in which the 14-inch Winclkeeslrive is substituted for removable disk packs,
which had been the dominant design between 1962818l Just as in the thin-film for ferrite/oxide
substitution, the impact of Winchester technologstained the historically established rate of
performance improvement. Similar graphs could bestacted for most other technological
innovations in the industry, such as embedded sgrstems, RLL and PRML recording codes, higher
RPM motors, and embedded interfaces. Some of thesestraightforward technology improvements;
others were radical departures. But all had a ammhpact on the industry: They helped manufacturer
to sustain the rate of historical performance improent that their customers had come to expect.

In literally every case of sustaining technologgmge in the disk drive industry, established fitets
in development and commercialization. The emergehoew disk and head technologies illustrates
this.

In the 1970s, some manufacturers sensed that taeyneaching the limit on the number of bits of
information they could pack onto oxide disks. Ispense, disk drive manufacturers began studying
ways of applying super-thin films of magnetic matalaluminum to sustain the historical rate of
improvements in recording density. The use of filim-coatings was then highly developed in the
integrated circuit industry, but its applicationnagnetic disks still presented substantial chgien
Experts estimate that the pioneers of thin-filmkdeschnology—IBM, Control Data, Digital
Equipment, Storage Technology, and Ampex—each moate than eight years and spent more than
$50 million in that effort. Between 1984 and 198B6out two-thirds of the producers active in 1984
introduced drives with thin-film disks. The overvitméng majority of these were established industry
incumbents. Only a few entrant firms attemptedde thin-film disks in their initial products, andst
of those folded shortly after entry.

Figure 1.5Sustaining Impact of the Winchester Architectunglee Recording Density of 14-inch Disk
Drives
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Source:Data are from various issuesitk/Trend Report.
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The same pattern was apparent in the emergenbendiltn heads. Manufacturers of ferrite heads saw
as early as 1965 the approaching limit to improvase this technology; by 1981 many believed that
the limits of precision would soon be reached. Begeers turned to thin-film technology, produced by
sputtering thin films of metal on the recording th@ad then using photolithography to etch muchrfine
electromagnets than could be attained with feteithnology. Again, this proved extraordinarily
difficult. Burroughs in 1976, IBM in 1979, and othestablished firms first successfully incorporated
thin-film heads in disk drives. In the period beénel 982 and 1986, during which some sixty firms
entered the rigid disk drive industry, only foull @Gdmmercial failures) attempted to do so using-th
film heads in their initial products as a sourc@eifformance advantage. All other entrant firms—reve
aggressively performance-oriented firms such astdaand Conner Peripherals—found it preferable
to learn their way using conventional ferrite hetuds, before tackling thin-film technology.

As was the case with thin-film disks, the introdostof thin-film heads entailed the sort of suséain
investment that only established firms could hanidB& and its rivals each spent more than $100
million developing thin-film heads. The pattern wapeated in the next-generation magneto-resistive
head technology: The industry’s largest firms—IB3&agate, and Quantum—Iled the race.

The established firms were the leading innovatotgust in developing risky, complex, and expensive
component technologies such as thin-film headsdgsid, but ifliterally every other one of the
sustaining innovations in the industry’s histoBxen in relatively simple innovations, such as RLL
recording codes (which took the industry from deultd triple-density disks), established firms were
the successful pioneers, and entrant firms wer¢etttenology followers. This was also true for those
architectural innovations—for example, 14-inch @dstinch Winchester drives—whose impact was to
sustain established improvement trajectories. Hstednl firms beat out the entrants.

Figure 1.6 summarizes this pattern of technologgéeship among established and entrant firms
offering products based on new sustaining techmedoduring the years when those technologies were
emerging. The pattern is stunningly consistent. tMirethe technology was radical or incremental,
expensive or cheap, software or hardware, compareartchitecture, competence-enhancing or
competence-destroying, the pattern was the samenWéted with sustaining technology change that
gave existing customers something more and bettwhat they wanted, the leading practitioners of
the prior technology led the industry in the depat@nt and adoption of the new. Clearly, the leaders
in this industry did not fail because they becamsspre, arrogant, or risk-averse or because they
couldn’t keep up with the stunning rate of techgatal change. My technology mudslide hypothesis
wasn't correct.

Figure 1.6 Leadership of Established Firms in Sastg Technologies
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FAILURE IN THE FACE OF DISRUPTIVE TECHNOLOGICAL CHA NGES

Most technological change in the disk drive indpsias consisted of sustaining innovations of thié so
described above. In contrast, there have beenaofdw of the other sort of technological change,
called disruptive technologies. These were the ghathat toppled the industry’s leaders.

The most important disruptive technologies wereditehitectural innovations that shrunk the size of
the drives—from 14-inch diameter disks to diamet#i8, 5.25, and 3.5-inches and then from 2.5 to
1.8 inches. Table 1.1 illustrates the ways theseviations were disruptive. Based on 1981 data, it
compares the attributes of a typical 5.25-incha@rar new architecture that had been in the maoket f
less than a year, with those of a typical 8-indkiedrwhich at that time was the standard drive used
minicomputer manufacturers. Along the dimensiongesformance important to established
minicomputer manufacturers—capacity, cost per mggaland access time—the 8-inch product was
vastly superior. The 5.25-inch architecture did aadress the perceived needs of minicomputer
manufacturers at that time. On the other hand512%-inch drive had features that appealed to the
desktop personal computer market segment just emgeirgthe period between 1980 and 1982. It was
small and lightweight, and, priced at around $2,00€ould be incorporated into desktop machines
economically.

Generally disruptive innovations were technolodjcatraightforward, consisting of off-the-shelf
components put together in a product architechaewas often simpler than prior approach&hey
offered less of what customers in established mafikanted and so could rarely be initially employed
there. They offered a different package of attelsutalued only in emerging markets remote from, and
unimportant to, the mainstream.
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The trajectory map in Figure 1.7 shows how thigesesf simple but disruptive technologies proved to
be the undoing of some very aggressive, astutehaged disk drive companies. Until the mid-1970s,
14-inch drives with removable packs of disks actedrior nearly all disk drive sales. The 14-inch
Winchester architecture then emerged to sustaitrafectory of recording density improvement.
Nearly all of these drives (removable disks and ahesters) were sold to mainframe computer
manufacturers, and the same companies that leddhieet in disk pack drives led the industry‘s
transition to the Winchester technology.

The trajectory map shows that the hard disk capgecdvided in the median priced, typically
configured mainframe computer system in 1974 wasiab30 MB per computer. This increased at a
15 percent annual rate over the next fifteen yearsrajectory representing the disk capacity
demanded by the typical users of new mainframe coenp. At the same time, the capacity of the
average 14-inch drive introduced for sale each yeaeased at a faster, 22 percent rate, reaching
beyond the mainframe market to the large scierdifid supercomputer markéts.

Figure 1.7Intersecting Trajectories of Capacity Demandedug&Bapacity Supplied in Rigid Disk
Drives
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Source:Clayton M. Christensen, “The Rigid Disk Drive Iredty: A History of Commercial and

Technological Turbulence,” Business History Revigiy no. 4 (Winter 1993): 559. Reprinted by
permission.
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Between 1978 and 1980, several entrant firms—Shugsociates, Micropolis, Priam, and
Quantum—developed smaller 8-inch drives with 10,3 and 40 MB capacity. These drives were of
no interest to mainframe computer manufacturerg;lwat that time were demanding drives with 300
to 400 MB capacity. These 8-inch entrants there$otd their disruptive drives into a new
application—minicomputer€. The customers—Wang, DEC, Data General, Prime Havdett-
Packard—did not manufacture mainframes, and thisitomers often used software substantially
different from that used in mainframes. These fimtserto had been unable to offer disk drives in
their small, desk-side minicomputers because 1H-maodels were too big and expensive. Although
initially the cost per megabyte of capacity of 8hrdrives was higher than that of 14-inch drivesse
new customers were willing to pay a premium foreothttributes that were important to them—
especially smaller size. Smallness had little vatusainframe users.

Once the use of 8-inch drives became establishednitomputers, the hard disk capacity shipped
with the median-priced minicomputer grew about 2kcpnt per year: a trajectory determined by the
ways in which minicomputer owners learned to us# tlnachines. At the same time, however, the 8-
inch drive makers found that, by aggressively aidgpsustaining innovations, they could increase the
capacity of their products at a rate of more thaupdrcent per year—nearly double the rate of irserea
demanded by their original “home” minicomputer nerkn consequence, by the mid-1980s, 8-inch
drive makers were able to provide the capacitigaired for lower-end mainframe computers. Unit
volumes had grown significantly so that the costpegabyte of 8-inch drives had declined below that
of 14-inch drives, and other advantages becamerappd&or example, the same percentage
mechanical vibration in an 8-inch drive, as oppadsea 14-inch drive, caused much less variance in
the absolute position of the head over the diskhWia three-to-four-year period, therefore, 8-inch
drives began to invade the market above them, isursg for 14-inch drives in the lower-end
mainframe computer market.

As the 8-inch products penetrated the mainframe&etathe established manufacturers of 14-inch
drives began to fail. Two-thirds of them neveradluced an 8-inch model. The one-third that
introduced 8-inch models did so about two yearsrakthe 8-inch entrant manufacturers. Ultimately,
every 14-inch drive maker was driven from the irgu$'

The 14-inch drive makers were not toppled by thecB-entrants because of technology. The 8-inch
products generally incorporated standard off-thelfsfomponents, and when those 14-inch drive
makers that did introduce 8-inch models got araondbing so, their products were very performance-
competitive in capacity, areal density, access,tand price per megabyte. The 8-inch models
introduced by the established firms in 1981 wer@yadentical in performance to the average of
those introduced that year by the entrant firmsadadition, the rates of improvement in key attrésut
(measured between 1979 and 1983) were stunningijasibetween established and entrant fiths.

Held Captive by Their Customers

Why were the leading drive makers unable to lawBaich drives until it was too late? Clearly, they
were technologically capable of producing theseedri Their failure resulted from delay in making th
strategic commitment to enter the emerging markethich the 8-inch drives initially could be sold.
Interviews with marketing and engineering execigi®se to these companies suggest that the
established 14-inch drive manufacturers were hadive by customers. Mainframe computer
manufacturers did not need an 8-inch drive. In, fingty explicitly did not want it: they wanted des
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with increased capacity at a lower cost per megabitie 14-inch drive manufacturers were listening
and responding to their established customers.tAeid customers—in a way that was not apparent to
either the disk drive manufacturers or their corpuaking customers—were pulling them along a
trajectory of 22 percent capacity growth in a 1dhiplatform that would ultimately prove fatél.

Figure 1.7 maps the disparate trajectories of pedoce improvement demanded in the computer
product segments that emerged later, comparecttoapacity that changes in component technology
and refinements in system design made availableméach successive architecture. The solid lines
emanating from points A, B, C, D, and E measurealibk drive capacity provided with the median-
priced computer in each category, while the dditezt from the same points measure the average
capacity of all disk drives introduced for salesach architecture, for each year. These transiaoms
briefly described below.

The Advent of the 5.25-inch Drive

In 1980, Seagate Technology introduced 5.25-insh diives. Their capacities of 5 and 10 MB were

of no interest to minicomputer manufacturers, wievexdemanding drives of 40 and 60 MB from their
suppliers. Seagate and other firms that enterddSva5-inch drives in the period 1980 to 1983 (for
example, Miniscribe, Computer Memories, and Intéomal Memories) had to pioneer new
applications for their products and turned prinyatdl desktop personal computer makers. By 1990, the
use of hard drives in desktop computers was arpakvapplication for magnetic recording. It was not
at all clear in 1980, however, when the market pyasemerging, that many people could ever afford
or use a hard drive on the desktop. The early m@»-drive makers found this application (one might
even say that thegnabledit) by trial and error, selling drives to whomeweould buy them.

Once the use of hard drives was established inaoe$*Cs, the disk capacity shipped with the median-
priced machine (that is, the capacity demandedhéygéeneral PC user) increased about 25 percent per
year. Again, the technology improved at nearly entice rate demanded in the new market: The
capacity of new 5.25-inch drives increased abouytéi@ent per year between 1980 and 1990. As in the
8-inch for 14-inch substitution, the first firms pooduce 5.25-inch drives were entrants; on average
established firms lagged behind entrants by twaesydgy 1985, only half of the firms producing 84nc
drives had introduced 5.25-inch models. The otladfrrrever did.

Growth in the use of 5.25-inch drives occurredan tvaves. The first followed creation of a new
application for rigid disk drives: desktop compagtitn which product attributes such as physicat,siz
relatively unimportant in established applicationsre highly valued. The second wave followed
substitution of 5.25-inch disks for larger drivaseistablished minicomputer and mainframe computer
markets, as the rapidly increasing capacity of tn2% drives intersected the more slowly growing
trajectories of capacity demanded in these markitthe four leading 8-inch drive makers—Shugart
Associates, Micropolis, Priam, and Quantum—only fdpolis survived to become a significant
manufacturer of 5.25-inch drives, and that was angished only with Herculean managerial effort, as
described in chapter 5.

The Pattern Is Repeated: The Emergence of then8i5Bbrive
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The 3.5-inch drive was first developed in 1984 mdiRe, a Scottish entrant. Sales of this architectu
were not significant, however, until Conner Periati& a spinoff of 5.25-inch drive makers Seagate
and Miniscribe, started shipping product in 198@nQer had developed a small, lightweight drive
architecture that was much more rugged than its-iéh ancestors. It handled electronically funesio
that had previously been managed with mechanigéd,mnd it used microcode to replace functions
that had previously been addressed electroniddérly all of Conner’s first year revenues of $113
million* came from Compaqg Computer, which had aided Cosrsgatt-up with a $30 million
investment. The Conner drives were used primanily hew application—portable and laptop
machines, in addition to “small footprint” desktodels—where customers were willing to accept
lower capacities and higher costs per megabytetiiighter weight, greater ruggedness, and lower
power consumption.

Seagate engineers were not oblivious to the cowlitige 3.5-inch architecture. Indeed, in early 1985
less than one year after Rodime introduced the3iginch drive and two yeabeforeConner
Peripherals started shipping its product, Seagatsopnel showed working 3.5-inch prototype drives
to customers for evaluation. The initiative for tiew drives came from Seagate’s engineering
organization. Opposition to the program came prim&niom the marketing organization and Seagate’s
executive team; they argued that the market wamtgter capacity drives at a lower cost per megabyte
and that 3.5-inch drives could never be built tveer cost per megabyte than 5.25-inch drives.

Seagate’s marketers tested the 3.5-inch prototygbscustomers in the desktop computing market it
already served—manufacturers like IBM, and valudealresellers of full-sized desktop computer
systems. Not surprisingly, they indicated littléeirest in the smaller drive. They were looking for
capacities of 40 and 60 megabytes for their neregion machines, while the 3.5-inch architecture
could provide only 20 MB—and at higher coSts.

In response to lukewarm reviews from customersg&eé program manager lowered his 3.5-inch
sales estimates, and the firm’s executives candéeegdrogram. Their reasoning? The markets for
5.25-inch products were larger, and the sales g&eby spending the engineering effort on new-5.25
inch products would create greater revenues focdngpany than would efforts targeted at new 3.5-
inch products.

In retrospect, it appears that Seagate executeagsthe market—at least their own market—very
accurately. With established applications and pecbdrchitectures of their own, such as the IBM XT
and AT, these customers saw no value in the imgrowggedness or the reduced size, weight, and
power consumption of 3.5-inch products.

Seagate finally began shipping 3.5-inch drivesaiye1988—the same year in which the performance
trajectory of 3.5-inch drives (shown in Figure limersected the trajectory of capacity demanded in
desktop computers. By that time, the industry Hagped, cumulatively, nearly $750 million in 3.5-
inch products. Interestingly, according to indusibgervers, as of 1991 almost none of Seagate’s 3.5
inch products had been sold to manufacturers agapl@/laptop/notebook computers. In other words,
Seagate’s primary customers were still desktop ederpnanufacturers, and many of its 3.5-inch
drives were shipped with frames for mounting themmamputers designed for 5.25-inch drives.

The fear of cannibalizing sales of existing produstoften cited as a reason why established firms
delay the introduction of new technologies. As S@agate-Conner experience illustrates, however, if
new technologies enable new market applicatiomsterge, the introduction of new technology may
not be inherently cannibalistic. But when estal@@firms wait until a new technology has become
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commercially mature in its new applications ancfgutheir own version of the technology only in
response to an attack on their home markets, threofecannibalization can become a self-fulfilling
prophecy.

Although we have been looking at Seagate’s respmntes development of the 3.5-inch drive
architecture, its behavior was not atypical; by8,98ly 35 percent of the drive manufacturers bzt
established themselves making 5.25-inch producthéodesktop PC market had introduced 3.5-inch
drives. Similar to earlier product architecturensiéions, the barrier to development of a compaiti
3.5-inch product does not appear to have been eagig-based. As in the 14- to 8-inch transititie, t
new-architecture drives introduced by the incumpestiablished firms during the transitions frono 8 t
5.25 inches and from 5.25 to 3.5 inches were fodlsformance-competitive with those of entrant
drives. Rather, the 5.25-inch drive manufactureesisto have been misled by their customers, notably
IBM and its direct competitors and resellers, wineniselves seemed as oblivious as Seagate to the
potential benefits and possibilities of portablenpoiting and the new disk drive architecture thaghmi
facilitate it.

Prairietek, Conner, and the 2.5-inch Drive

In 1989 an industry entrant in Longmont, Colora@@irietek, upstaged the industry by announcing a
2.5-inch drive, capturing nearly all $30 millionthis nascent market. But Conner Peripherals
announced its own 2.5-inch product in early 1990 lanthe end of that year had claimed 95 percent of
the 2.5-inch drive market. Prairietek declared lbaptcy in late 1991, by which time each of the othe
3.5-inch drivemakers—Quantum, Seagate, Westerrtddigind Maxtor—had introduced 2.5-inch
drives of their own.

What had changed? Had the incumbent leading finadly learned the lessons of history? Not really.
Although Figure 1.7 shows the 2.5-inch drive haphBicantly less capacity than the 3.5-inch drives,
the portable computing markets into which the semallives were sold valuexther attributes: weight,
ruggedness, low power consumption, small physizal ind so on. Alonthesedimensions, the 2.5-
inch drive offered improved performance over thHahe 3.5-inch product: It wassastaining
technology. In fact, the computer makers who bo@griner’s 3.5-inch drive—laptop computer
manufacturers such as Toshiba, Zenith, and Sharpe-tve leading makers of notebook computers,
and these firms needed the smaller 2.5-inch driglit@cture. Hence, Conner and its competitorfién t
3.5-inch market followed their customers seamleashpss the transition to 2.5-inch drives.

In 1992, however, the 1.8-inch drive emerged, aittistinctly disruptive character. Although itsrgto
will be recounted in detail later, it suffices tate here that by 1995, it waatrantfirms that
controlled 98 percent of the $130 million 1.8-irdrfve market. Moreover, the largest initial marfaat
1.8-inch drives wasn’t in computing at all. It wagportable heart monitoring devices!

Figure 1.8 summarizes this pattern of entrant fileedership in disruptive technology. It shows, fo
example, that two years after the 8-inch drive imt®@duced, two-thirds of the firms producing ibF
of six), were entrants. And, two years after thstfb.25-inch drive was introduced, 80 percentef t

firms producing these disruptive drives were erigan
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Figure 1.8Leadership of Entrant Firms in Disruptive Techngiog
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SUMMARY

There are several patterns in the history of intioman the disk drive industry. The first is thhe
disruptive innovations were technologically strafghward. They generally packaged known
technologies in a unique architecture and enalbledise of these products in applications where
magnetic data storage and retrieval previouslyrfwdeen technologically or economically feasible.

The second pattern is that the purpose of advatectthology development in the industry was always
to sustainestablished trajectories of performance improvemnterreach the higher-performance,
higher-margin domain of the upper right of thedcapry map. Many of these technologies were
radically new and difficult, but they were not diptive. The customers of the leading disk drive
suppliers led them toward these achievements. iBugjdechnologies, as a result, did not precipitat
failure.

The third pattern shows that, despite the estatdisinms’ technological prowess in leading sustagni
innovations, from the simplest to the most raditta, firms that led the industry in every instan€te
developing and adopting disruptive technologiesewatrants to the industry, not its incumbent
leaders.

This book began by posing a puzzle: Why was it finais that could be esteemed as aggressive,
innovative, customer-sensitive organizations caogiare or attend belatedly to technological
innovations with enormous strategic importancethéncontext of the preceding analysis of the disk
drive industry, this question can be sharpenediderably. The established firms were, in fact,
aggressive, innovative, and customer-sensitivaeir pproaches to sustaining innovations of every
sort. But the problem established firms seem un@bdé®nfront successfully is that ddwnwardvision
and mobility, in terms of the trajectory map. Fimglinew applications and markets for these new
products seems to be a capability that each oétfieas exhibited once, upon entry, and then
apparently lost. It was as if the leading firms &beld captive by their customers, enabling attagki
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entrant firms to topple the incumbent industry Exadeach time a disruptive technology emerged.
Why this happened, and is still happening, is thigext of the next chapter.

APPENDIX 1.1:
A NOTE ON THE DATA AND METHOD
USED TO GENERATE FIGURE 1.7

The trajectories mapped in Figure 1.7 were caledlass follows. Data on the capacity provided with
computers was obtained frdbata Sourcesan annual publication listing the technical sgeatfons of
all computer models available from every computanuafacturer. For instances in which particular
models were available with different features aonfigurations, the manufacturer providedta
Sourceswith a “typical” system configuration with definedndom access memory (RAM) capacity,
performance specifications of peripheral equipnierduding disk drives), list prices, and year of
introduction. For instances in which a given conepumodel was offered for sale over a sequence of
years, the hard disk capacity provided in the gjptonfiguration typically increaseData Sources
used the categories mainframe, mini/midrange, dps¢rsonal, portable and laptop, and notebook.
As of 1993, 1.8-inch drives were not being useldand-held computers, so no data on that potential
market existed.

For Figure 1.7, for each year and each class opotens, all models available for sale were ranked b
price and the hard disk capacity provided withrttedian-priced model identified. The best-fit lines
through the resultant time series were plottedhasoblid lines in Figure 1.7 for expository
simplification to indicate the trend in typical nges. In reality, of course, there is a wide band
around these lines. Thntier of performance—the highest capacity offered whig most expensive
computers—was substantially higher than the typiaéles shown.

The dotted lines in Figure 1.7 represent the besté through the unweighted average capacitsglof
disk drives introduced for sale in each given dedfture for each year. This data was taken from
Disk/Trend ReportAgain, for expository simplification, only this esage line is shown. There was a
wide band of capacities introduced for sale in gadr, so that the frontier or highest capacityelri
introduced in each year was substantially abovetteeage shown. Stated in another way, a distimctio
must be made between the full range of productsadnla for purchase and those in typical systems.
The upper and lower bands around the median amdgaéigures shown in Figure 1.7 are generally
parallel to the lines shown.

Because higher capacity drives were availableemtlarket than were offered with the median-priced
systems, the solid-line trajectories in Figure 4¥| state in the text, represent the capacities
“demanded” in each market. In other words, the cidyp@er machine was not constrained by
technological availability. Rather, it represetts selection of hard disk capacity by computersjser
given the prevailing cost.

NOTES

1. A more complete history of the disk drive industan be found in Clayton M. Christensen, “The
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Rigid Disk Drive Industry: A History of Commerciahd Technological TurbulenceBusiness History
Review(67), Winter, 1993, 531-588. This history focusel/ on the manufacturers of rigid disk
drives or hard drives—products on which data aseesiton rigid metal platters. Companies
manufacturing floppy disk drives (removable dis&stof flexible mylar coated with iron oxide on
which data are stored) historically were differgmmhs from those making hard disk drives.

2. Much of the data for this analysis came frbimsk/Trend Reporta highly respected annual market
research publication, augmented with more detgteduct-specification sheets obtained from the disk
drive manufacturers themselves. | am grateful éoetthitors and staff at Disk/Trend, Inc., for their
patient and generous assistance in this project.

3. The concept of trajectories of technological pesgrwas examined by Giovanni Dosi in
“Technological Paradigms and Technological Trajeety” Research Policyl1), 1982, 147-162.

4. The ways in which the findings of this study diffeom those of some earlier scholars of technology
change while building upon those of others areutised in greater detail in chapter 2.

5. The first technology for making heads built arcalemagnet by wrapping a fine thread of copper
wire around a core of iron oxide (ferrite); henlee termferrite head.Incremental improvements to
this approach involved learning to grind the ferti finer and finer dimensions, using better lagpi
techniques, and strengthening the ferrite by dopingth barium.Thin-film headsvere made
photolithographically, using technology similartt@t used in making integrated circuits on silicon
wafers to etch the electromagnet on the surfatieeoifiead. This was difficult because it involvedcmu
thicker layers of material than were common in I&@ufacturing. The third technology, adopted
starting in the mid-1990s, was calledgneto-resistive headBhese were also made with thin-film
photolithography, but used the principle that clemig the magnetic flux field on the disk surface
changed the electrical resistivity of the circuitnjthe head. By measuring changes in resistiatiyar
than changes in the direction of current flow, metgrresistive heads were much more sensitive, and
hence permitted denser data recording, than madmiology. In the evolution of disk technology, the
earliest disks were made by coating fine needlpeathparticles of iron oxide—literally rust—over the
surface of a flat, polished aluminum platter. Herthese disks were callexidedisks. Incremental
improvements to this technology involved makingefiand finer iron oxide particles, and dispersing
them more uniformly, with fewer uncoated voids ba &luminum platter's surface. This was
supplanted by a sputtering technology, also bordofr@m semiconductor processing, that coated the
aluminum platter with a thin film of metal a fewgatroms thick. The thinness of this layer; its
continuous, rather than particulate nature; angtbeess’s flexibility in depositing magnetic madaés
with higher coercivity, enabled denser recordinglon-film disks than was feasible on oxide disks.
6. Richard J. Fostetnnovation: The Attacker’'s Advanta@idew York: Summit Books, 1986).

7. The examples of technology change presented uré&sgl.1 and 1.2 introduce some ambiguity to
the unqualified terndiscontinuity,as used by Giovanni Dosi (see “Technological Hgrasl and
Technological TrajectoriesResearch Policyl1] 1982), Michael L. Tushman and Philip Anderson
(see “Technological Discontinuities and OrganizagicEnvironments,Administrative Science
Quarterly[31], 1986), and others. The innovations in head disk technology described in Figure 1.4
represenpositivediscontinuities in an established technologicget®ry, while the trajectory-
disrupting technologies charted in Figure 1.7 repnégnegativediscontinuities. As will be shown
below, established firms seemed quite capableanlihg the industry over positive discontinuitiest b
generally lost their industry lead when faced widlgative discontinuities.

8. This tendency consistently appears across a mirngdustries. Richard S. Rosenbloom and Clayton
M. Christensen (in “Technological Discontinuiti€xganizational Capabilities, and Strategic
Commitments,industrial and Corporate Chand@], 1994, 655—-685) suggest a much broader set of
industries in which leading firms may have beerpte@ by technologically straightforward disruptive
innovations than is covered in this book.

9. A summary of the data and procedures used to genEigure 1.7 is included in Appendix 1.1.

10. The minicomputer market was not new in 1978, bwias a new application for Winchester-
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technology disk drives.

11. This statement applies only to independent dria&ers competing in the OEM market. Some of
the vertically integrated computer makers, suclBdg have survived across these generations with
the benefit of a captive internal market. Even |BiMwever, addressed the sequence of different
emerging markets for disk drives by creating autooos “start-up” disk drive organizations to address
each one. Its San Jose organization focused ordmdtl{primarily mainframe) applications. A separate
division in Rochester, MN, focused on mid-range patars and workstations. IBM created a different
organization in Fujisawa, Japan, to produce drigeshe desktop personal computer market.

12.This result is very different from that observegdRebecca M. Henderson (sElee Failure of
Established Firms in the Face of Technological Qe Study of the Semiconductor
Photolithographic Alignment Industrgjssertation, Harvard University, 1988), who fouhd new-
architecture aligners produced by the establishadufiacturers to be inferior in performance to those
produced by entrant firms. One possible reasothiese different results is that the successfuberdr

in the photolithographic aligner industry studigdHenderson brought to the new product a well-
developed body of technological knowledge and egpee developed and refined in other markets. In
the case studied here, none of the entrants breughtwell-developed knowledge with them. Most, in
fact, werede novostart-ups composed of managers and engineers achddiected from established
drive manufacturing firms.

13. This finding is similar to the phenomenon obserbigdoseph L. Bower, who saw that explicit
customer demands have tremendous power as a siunsgetus in the resource allocation process:
“When the discrepancy (the problem to be solved pyoposed investment) was defined in terms of
cost and quality, the projects languished. Inalirfcases, the definition process moved toward
completion when capacity to meet sales was perdeéwvée inadequate. . . . In short, pressure fiwn t
market reduces both the probability and the cobeaig wrong.” Although Bower specifically refers

to manufacturing capacity, the same fundamentat@menon—the power of the known needs of
known customers in marshaling and directing thestwments of a firm—affects response to disruptive
technology. See Joseph L. Bowglanaging the Resource Allocation Procés®mewood, IL:

Richard D. Irwin, 1970) 254.

14.In booking $113 million in revenues, Conner Pegigaits set a record for booking more revenues in
its first year of operation than any manufacturdognpany in United States history.

15. This finding is consistent with what Robert Burgah has observed. He noted that one of the
greatest difficulties encountered by corporateegmgneurs has been finding the right “beta tes$’sit
where products could be interactively developedrafided with customers. Generally, a new
venture’s entrée to the customer was provided bys#lesperson representing the firm’s established
product lines. This helped the firm develop newdoiais for established markets but not to identify
new applications for new technology. See RobeBuétgelman and Leonard Saylésside Corporate
Innovation(New York: The Free Press, 1986) 76—80.

16.1 believe this insight—that attacking firms hawveadvantage in disruptive innovations but not in
sustaining ones—<clarifies, but is not in confligthw Foster’s assertions about the attacker’s atdggmn
The historical examples Foster uses to substarttiatheory generally seem to have been disruptive
innovations. See Richard J. Fostenovation: The Attacker’'s Advanta@dew York: Summit Books,
1986).

37



CHAPTERTWO

Value Networks and the
Impetus to Innovate

From the earliest studies of the problems of intioma scholars, consultants, and managers haw trie
to explain why leading firms frequently stumble wleonfronting technology change. Most
explanations either zero in on managerial, orgdiozal, and cultural responses to technological
change or focus on the ability of established fitsmdeal with radically new technology; doing the
latter requires a very different set of skills fronose that an established firm historically has
developed. Both approaches, useful in explaining 8dme companies stumble in the face of
technological change, are summarized below. Thaai purpose of this chapter, however, is to
propose a third theory of why good companies canddased upon the concept ovalue networkThe
value network concept seems to have much greategmibhan the other two theories in explaining
what we observed in the disk drive industry.

ORGANIZATIONAL AND MANAGERIAL EXPLANATIONS OF FAILU RE

One explanation for why good companies fail potaterganizational impediments as the source of the
problem. While many analyses of this type stop withh simple rationales as bureaucracy,
complacency, or “risk-averse” culture, some remblkasightful studies exist in this tradition.
Henderson and Clarkfor example, conclude that companies’ organizafistructures typically

facilitate component-level innovations, becausetmosduct development organizations consist of
subgroups that correspond to a product’s compon8ath systems work very well as long as the
product’s fundamental architecture does not reqehenge. But, say the authors, when architectural
technology change is required, this type of stmectmpedes innovations that require people and
groups to communicate and work together in new ways

This notion has considerable face validity. In or@dent recounted in Tracy Kidder’s Pulitzer Prize
winning narrative,The Soul of a New MachinBata General engineers developing a next-genaratio
minicomputer intended to leapfrog the product pasiof Digital Equipment Corporation were
allowed by a friend of one team member into hidlitgdn the middle of the night to examine Digital
latest computer, which his company had just bougtien Tom West, Data General’s project leader
and a former long-time Digital employee, removea ¢bver of the DEC minicomputer and examined
its structure, he saw “Digital’s organization chiarthe design of the product.”

Because an organization’s structure and how itaggavork together may have been established to
facilitate the design of its dominant product, tlr@ction of causality may ultimately reverse itsel
The organization’s structure and the way its grdepsn to work together can then affect the way it
can and cannot design new products.

CAPABILITIES AND RADICAL TECHNOLOGY AS AN EXPLANATI ON
38



In assessing blame for the failure of good companiee distinction is sometimes made between
innovations requiring very different technologicapabilities, that is, so-called radical changel, an
those that build upon well-practiced technologizgabilities, often called incremental innovatiéns.
The notion is that the magnitude of the technolaigihange relative to the companies’ capabilitiés w
determine which firms triumph after a technologyades an industry. Scholars who support this view
find that established firms tend to be good at mwprg what they have long been good at doing, and
that entrant firms seem better suited for explgitiadically new technologies, often because they
import the technology into one industry from anothéhere they had already developed and practiced
it.

Clark, for example, has reasoned that companidg the technological capabilities in a product such
as an automobile hierarchically and experientialyn organization’s historical choices about which
technological problems it would solve and whictvauld avoid determine the sorts of skills and
knowledge it accumulates. When optimal resolutiba product or process performance problem
demands a very different set of knowledge thamna fias accumulated, it may very well stumble. The
research of Tushman, Anderson, and their assocamsorts Clark’s hypothesisThey found that

firms failed when a technological change destrapedvalue of competencies previously cultivated
and succeeded when new technologies enhanced them.

The factors identified by these scholars undouptatfect the fortunes of firms confronted with new
technologies. Yet the disk drive industry displayseries of anomalies accounted for by neitheofset
theories. Industry leaders first introduced sugtginechnologies oéverysort, including architectural
and component innovations that rendered prior coemgees irrelevant and made massive investments
in skills and assets obsolete. Nevertheless, tha®se firms stumbled over technologically
straightforward but disruptive changes such as8theh drive.

The history of the disk drive industry, indeed,ag\a very different meaning to what constitutes a
radical innovation among leading, established firkswe saw, the nature of the technology involved
(components versus architecture and incrementabgeaadical), the magnitude of the risk, and the
time horizon over which the risks needed to berdiad little relationship to the patterns of leatigy

and followership observed. Rather, if their custsmeeeded an innovation, the leading firms somehow
mustered the resources and wherewithal to develd@dopt it. Conversely, if their customers did not
want or need an innovation, these firms found fiassible to commercialize even technologically
simple innovations.

VALUE NETWORKS AND NEW PERSPECTIVE ON THE DRIVERS O F FAILURE

What, thendoesaccount for the success and failure of entrantesmtablished firms? The following
discussion synthesizes from the history of the diske industry a new perspective on the relation
between success or failure and changes in techyalod) market structure. The concept ofthkie
network—the context within which a firm identifies and pesids to customers’ needs, solves
problems, procures input, reacts to competitors,sarives for profit—is central to this syntheSis.
Within a value network, each firm’s competitiveas&gy, and particularly its past choices of markets
determines its perceptions of the economic value réw technology. These perceptions, in turn,
shape the rewards different firms expect to oltaiaugh pursuit of sustaining and disruptive
innovations’ In established firms, expected rewards, in thein tdrive the allocation of resources
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toward sustaining innovations and away from disugpbnes. This pattern of resource allocation
accounts for established firms’ consistent leadprshthe former and their dismal performance ia th
latter.

Value Networks Mirror Product Architecture

Companies are embedded in value networks becaeisgtbducts generally are embedded, or nested
hierarchically, as components within other prodactd eventually within end systems of se.
Consider a 1980s-vintage management informatiotesyéVIS) for a large organization, as illustrated
in Figure 2.1. The architecture of the MIS tiesdibgpr various components—a mainframe computer;
peripherals such as line printers and tape andditisks; software; a large, air-conditioned roonthwi
cables running under a raised floor; and so orthé&text level, the mainframe computer is itself an
architected system, comprising such componentscastaal processing unit, multi-chip packages and
circuit boards, RAM circuits, terminals, controeand disk drives. Telescoping down still furthibe
disk drive is a system whose components include@mactuator, spindle, disks, heads, and
controller. In turn, the disk itself can be analyzs a system composed of an aluminum platter,
magnetic material, adhesives, abrasives, lubricants coatings.

Although the goods and services constituting susyiséem of use may all be produced within a single,
extensively integrated corporation such as AT&TBM, most are tradable, especially in more mature
markets. This means that, while Figure 2.1 is dreswthescribe the nest@thysicalarchitecture of a
product system, it also implies the existence ésted network of producers and markbateugh

which the components at each level are made add@ahtegrators at the next higher level in the
system. Firms that design and assemble disk driwesxample, such as Quantum and Maxtor,
procure read-write heads from firms specializinghi@® manufacture of those heads, and they buy disks
from other firms and spin motors, actuator motars] integrated circuitry from still others. At thext
higher level, firms that design and assemble coerpunay buy their integrated circuits, terminals,
disk drives, IC packaging, and power supplies fk@mous firms that manufacture those particular
products. This nested commercial systemwvalae network.

Figure 2.1A Nested, or Telescoping, System of Product Arcihibes
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Figure 2.2 illustrates three value networks for patmg applications: Reading top to bottom they are
the value network for a corporate MIS system-of-fiseportable personal computing products, and
for computer-automated design (CAD). Drawn onlgaavey the concept of how networks are
bounded and may differ from each other, these tlepgare not meant to represent complete
structures.

Metrics of Value

The way value is measured differs across netwbhikdact, the unique rank-ordering of the
importance of various product performance attributefines, in part, the boundaries of a value
network. Examples in Figure 2.2, listed to the tighthe center column of component boxes, show
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how each value network exhibits a very differemkrardering of important product attributes, even
for the same product. In the top-most value netwdidk drive performance is measured in terms of
capacity, speed, and reliability, whereas in thegibe computing value network, the important
performance attributes are ruggedness, low poweswaption, and small size. Consequently, parallel
value networks, each built around a different daéin of what makes a product valuable, may exist

within the same broadly defined industry.

Figure 2.2Examples of Three Value Networ

Source:Reprinted fronResearch Policy 24 layton M. Christensen and Richard S. Rosenbloom,
“Explaining the Attacker's Advantage: TechnologiPakadigms, Organizational Dynamics, and the
Value Network,” 233-257, 1995 with kind permissmfrElsevier Science—NL, Sara Burgerhartstraat

25, 1055 KV Amsterdam, The Netherlands.

Although many components in different systems-af-omy carry the same labels (for example, each
network in Figure 2.2 involves read-write headskdirives, RAM circuits, printers, software, and so
on), the nature of components used may be quitereift. Generally, a set of competing firms, each

42



with its own value chaif? is associated with each box in a network diagiamd, the firms supplying
the products and services used in each network dftter (as illustrated in Figure 2.2 by the firms
listed to the left of the center column of compdraxes).

As firms gain experience within a given networleytfare likely to develop capabilities, organizadibn
structures, and cultures tailored to their valusvoek’s distinctive requirements. Manufacturing
volumes, the slope of ramps to volume productioagdpct development cycle times, and
organizational consensus identifying the customerthe customer’s needs may differ substantially
from one value network to the next.

Given the data on the prices, attributes, and padace characteristics of thousands of disk drive
models sold between 1976 and 1989, we can usdaigee callechedonic regression analydis

identify how markets valued individual attributesledhow those attribute values changed over time.
Essentially, hedonic regression analysis exprabgetotal price of a product as the sum of indigidu
so-called shadow prices (some positive, otherstivejdhat the market places on each of the prosluct
characteristics. Figure 2.3 shows some resultsigfanalysis to illustrate how different value netis
can place very different values on a given perfarceaattribute. Customers in the mainframe computer
value network in 1988 were willing on average tg $&.65 for an incremental megabyte of capacity;
but moving across the minicomputer, desktop, amthpte computing value networks, the shadow
price of an incremental megabyte of capacity deslito $1.50, $1.45, and $1.17, respectively.
Conversely, portable and desktop computing custenvere willing to pay a high price in 1988 for a
cutiilc inch of size reduction, while customers i@ tither networks placed no value on that attrilatite
all.=

Figure 2.3Difference in the Valuation of Attributes AcrosdfBrent Value Networks
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Cost Structures and Value Networks

The definition of a value network goes beyond thelbautes of the physical product. For example,
competing within the mainframe computer networkvehan Figure 2.2 entails a particular cost

43



structure. Research, engineering, and developnosig ere substantial. Manufacturing overheads are
high relative to direct costs because of low unltimes and customized product configurations.
Selling directly to end users involves significaates force costs, and the field service network to
support the complicated machines represents asulatongoing expense. All these costs must be
incurred in order to provide the types of prodwstd services customers in this value network requir
For these reasons, makers of mainframe computetisnakers of the 14-inch disk drives sold to them,
historically needed gross profit margins of betwB8rpercent and 60 percent to cover the overhead
cost structure inherent to the value network incllthey competed.

Competing in the portable computer value netwodkyéver, entails a very different cost structure.
These computer makers incur little expense resggydomponent technologies, preferring to build
their machines with proven component technologresyred from vendors. Manufacturing involves
assembling millions of standard products in lowelabost regions. Most sales are made through
national retail chains or by mail order. As a restdmpanies in this value network can be proféabl
with gross margins of 15 percent to 20 percent.ddejust as a value network is characterized by a
specific rank-ordering of product attributes vallsydcustomers, it is also characterized by a sjpecif
cost structure required to provide the valued pcteland services.

Each value network’s unique cost structure istithted in Figure 2.4. Gross margins typically ofeai
by manufacturers of 14-inch disk drives, about éfcent, are similar to those required by mainframe
computer makers: 56 percent. Likewise, the margimgeh drive makers earned were similar to those
earned by minicomputer companies (about 40 percamd) the margins typical of the desktop value
network, 25 percent, also typified both the compuatakers and their disk drive suppliers.

The cost structures characteristic of each valtwork can have a powerful effect on the sorts of
innovations firms deem profitable. Essentially,aaations that are valued within a firm’s value
network, or in a network where characteristic gmssgins are higher, will be perceived as profgabl
Those technologies whose attributes make them biwaly in networks withower gross margins,
on the other hand, will not be viewed as profitabled are unlikely to attract resources or manabgeri
interest. (We will explore the impact of each vahetwork’s characteristic cost structures upon the
established firms’ mobility and fortunes more fultychapter 4

Figure 2.4Characteristic Cost Structures of Different ValustWorks
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Source:Data are from company annual reports and persotea/iews with executives from several
representative companies in each network.

In sum, the attractiveness of a technological oty and the degree of difficulty a producer will
encounter in exploiting it are determined by, amotiger factors, the firm’s position in the relevant
value network. As we shall see, the manifest strenfjestablished firms in sustaining innovationl an
their weakness in disruptive innovation—and theagiie manifest strengths and weaknesses of entrant
firms—are consequences not of differences in telclyimal or organizational capabilities between
incumbent and entrant firms, but of their positionghe industry’s different value networks.

TECHNOLOGY S-CURVES AND VALUE NETWORKS

The technology S-curve forms the centerpiece akihg about technology strategy. It suggests that
the magnitude of a product’s performance improvdnrea given time period or due to a given
amount of engineering effort is likely to differ echnologies mature. The theory posits that in the
early stages of a technology, the rate of progrepsrformance will be relatively slow. As the
technology becomes better understood, controlied difused, the rate of technological improvement
will accelerate®? But in its mature stages, the technology will aptatically approach a natural or
physical limit such that ever greater periods wietior inputs of engineering effort will be requited
achieve improvements. Figure 2.5 illustrates tlselteng pattern.

Many scholars have asserted that the essencatdgtr technology management is to identify when
the point of inflection on the present technology surve has been passed, and to identify and aevel
whatever successor technology rising from below evientually supplant the present approach. Hence,
as depicted by the dotted curve in Figure 2.5¢ctt@lenge is to successfully switch technologiehat
point where S-curves of old and new intersect. ifbility to anticipate new technologies threatgnin
from below and to switch to them in a timely was ldten been cited as the cause of failure of
established firms and as the source of advantagenfeant or attacking firms.
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Figure 2.5The Conventional Technology S-Curve
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Source:Clayton M. Christensen, “Exploring the Limits diet Technology S-Curve. Part I: Component
Technologies,Production and Operations Managemdnino. 4 (Fall 1992): 340. Reprinted by
permission.

How do the concepts of S-curves and of value nédsvilate to each othéfThe typical framework

of intersecting S-curves illustrated in Figure .2 conceptualization sustainingtechnological
changes within a single value network, where théicad axis charts a single measure of product
performance (or a rank-ordering of attributes).eNitg similarity toFigure 1.4 which measured the
sustaining impact of new recording head technokgiethe recording density of disk drives.
Incremental improvements within each technologydrnonprovements along each of the individual
curves, while movement to new head technologiesivad a more radical leap. Recall that there was
not asingleexample in the history of technological innovatiorthe disk drive industry of an entrant
firm leading the industry or securing a viable nenosition with a sustaining innovation. In every
instance, the firms that anticipated the eventla#tiening of the current technology and that led in
identifying, developing, and implementing the neettnology that sustained the overall pace of
progress were the leading practitioners of thergggohnology. These firms often incurred enormous
financial risks, committing to new technologiesexade or more in advance and wiping out substantial
bases of assets and skills. Yet despite thesecdlgals, managers of the industry’s established firms
navigated the dotted line course shown in FiguseaZth remarkable, consistent agility.

A disruptive innovation, however, cannot be plotied figure such as 2.5, because the verticalfaxis
a disruptive innovation, by definition, must meastifferentattributes of performance than those
relevant in established value networks. Becaussraptive technology gets its commercial start in
emerging value networks before invading establistetd/orks, an S-curve framework such as that in
Figure 2.6 is needed to describe it. Disruptivéatetogies emerge and progress on their own, unjquel
defined trajectories, in a home value networknid &hen they progress to the point that they can
satisfy the level and nature of performance demamndeanother value network, the disruptive
technology can then invade it, knocking out thale&hed technology and its established practit@ne
with stunning speed.
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Figures 2.5 and 2.6 illustrate clearly the innovatdilemma that precipitates the failure of leagin

firms. In disk drives (and in the other industreesered later in this book), prescriptions such as
increased investments in R&D; longer investment@ladning horizons; technology scanning,
forecasting, and mapping; as well as research coasmd joint ventures are all relevant to the
challenges posed by testaininginnovations whose ideal pattern is depicted iufég2.5. Indeed,

the evidence suggests that many of the best edtadlfirms have applied these remedies and that the
can work when managed well in treating sustaingadphologies. But none of these solutions addresses
the situation in Figure 2.6, because it represaiiseat of a fundamentally different nature.

Figure 2.6Disruptive Technology S-Curve
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Source:Clayton M. Christensen, “Exploring the Limits oktifechnology S-Curve. Part I: Component
Technologies, Production and Operations Managemédnmo. 4 (Fall 1992): 361. Reprinted by
permission.

MANAGERIAL DECISION MAKING AND DISRUPTIVE TECHNOLOG ICAL CHANGE

Competition within the value networks in which canpes are embedded defines in many ways how
the firms can earn their money. The network defthescustomers’ problems to be addressed by the
firm’s products and services and how much can I fpa solving them. Competition and customer
demands in the value network in many ways shapérthe’ cost structure, the firm size required to
remain competitive, and the necessary rate of growius, managerial decisions that make sense for
companies outside a value network may make no seredkefor those within it, and vice versa.

We saw, in chapter 1, a stunningly consistent patiésuccessful implementation of sustaining
innovations by established firms and their failtoreleal with disruptive ones. The pattern was
consistent because the managerial decisions thab hose outcomes made sense. Good managers do
what makes sense, and what makes sense is prirsgiped by their value network.

This decision-making pattern, outlined in the seps below, emerged from my interviews with more
than eighty managers who played key roles in thk diive industry’s leading firms, both incumbents
and entrants, at times when disruptive technoldggesemerged. In these interviews | tried to

reconstruct, as accurately and from as many pointgew as possible, the forces that influenced¢he
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firms’ decision-making processes regarding the ldgreent and commercialization of technologies
either relevant or irrelevant to the value netwarks/hich the firms were at the time embedded. My
findings consistently showed that established ficmsfronted with disruptive technology change did
not have trouble developing the requiséehnology:Prototypes of the new drives had often been
developed before management was asked to makastode®ather, disruptive projects stalled when it
came to allocating scarce resources among compeatiugict and technology development proposals
(allocating resources between the two value netsvshiown at right and left in Figure 2.6, for
example). Sustaining projects addressing the nefettie firms’ most powerful customers (the new
waves of technology within the value network deguicin Figure 2.5almost alwaygreempted
resources from disruptive technologies with smaltkets and poorly defined customer needs.

This characteristic pattern of decisions is sumeearin the following pages. Because the experience
was so archetypical, the struggle of Seagate Téapynothe industry’s dominant maker of 5.25-inch
drives, to successfully commercialize the disrupBvs-inch drive is recounted in detail to illustra
each of the steps in the pattérn.

Step 1: Disruptive Technologies Were First Devellwéhin Established Firms

Although entrants led inommercializingdisruptive technologies, their development wasrothe

work of engineers at established firms, using leguied resources. Rarely initiated by senior
management, these architecturally innovative desagmost always employed off-the-shelf
components. Thus, engineers at Seagate Technaoleglgading 5.25-inch drive maker, were, in 1985,
the second in the industry to develop working prgies of 3.5-inch models. They made some eighty
prototype models before the issue of formal progggiroval was raised with senior management. The
same thing happened earlier at Control Data and ddexnthe dominant 14-inch drive makers, where
engineers had designed working 8-inch drives iatgrnnearly two years before the product appeared
in the market.

Step 2: Marketing Personnel Then Sought Reactroms Their Lead Customers

The engineers then showed their prototypes to miagkpersonnel, asking whether a market for the
smaller, less expensive (and lower performancekedrexisted. The marketing organization, using its
habitual procedure for testing the market appeakwf drives, showed the prototypes to lead
customers of the existing product line, asking tfieman evaluatior® Thus, Seagate marketers tested
the new 3.5-inch drives with IBM’s PC Division anther makers of XT- and AT-class desktop
personal computers—even though the drives hadfigignily less capacity than the mainstream
desktop market demanded.

Not surprisingly, therefore, IBM showed no interesSeagate’s disruptive 3.5-inch drives. IBM’s
engineers and marketers were looking for 40 ansiBQrives, and they already had a slot for 5.25-
inch drives designed into their computer; they eeedew drives that would take them further along
their established performance trajectory. Findititelcustomer interest, Seagate’s marketers digw u
pessimistic sales forecasts. In addition, becaws@roducts were simpler, with lower performance,
forecast profit margins were lower than those fghlr performance products, and Seagate’s financial

48



analysts, therefore, joined their marketing collessgin opposing the disruptive program. Working
from such input, senior managers shelved the B-@ive—just as it was becoming firmly
established in the laptop market.

This was a complex decision, made in a contexbaifpeting proposals to expend the same resources
to develop new products that marketers felt weitecal to remaining competitive with current
customers and achieving aggressive growth andtpeofjets. “We needed a new model,” recalled a
former Seagate manager, “which could become theS$ie412 [a very successful product generating
$300 million sales annually in the desktop markat tvas near the end of its life cycle]. Our fostsa

for the 3.5-inch drive were under $50 million besathe laptop market was just emerging, and the 3.5
inch product just didn’t fit the bill.”

Seagate managers made an explicit decision natrgue the disruptive technology. In other cases,
managers did approve resources for pursuing agligeuproduct—but, in the day-to-day decisions

about how time and money would actually be allata¢mgineers and marketers, acting in the best
interests of the company, consciously and uncoaostyctarved the disruptive project of resources

necessary for a timely launch.

When engineers at Control Data, the leading 14-drore maker, were officially chartered to develop
CDC's initial 8-inch drives, its customers werekow for an average of 300 MB per computer,
whereas CDC's earliest 8-inch drives offered lass1t60 MB. The 8-inch project was given low
priority, and engineers assigned to its developrkept getting pulled off to work on problems with
14-inch drives being designed for more importarst@mners. Similar problems plagued the belated
launches of Quantum’s and Micropolis’s 5.25-incbdarcts.

Step 3: Established Firms Step Up the Pace of BuisgaTechnological Development

In response to the needs of current customersnénketing managers threw impetus behind
alternative sustaining projects, such as incorpuydietter heads or developing new recording codes.
These gave customers what they wanted and coultdgpeted at large markets to generate the
necessary sales and profits for maintaining grofitinough often involving greater development
expense, such sustaining investments appdardelss risky than investments in the disruptive
technology: The customers existed, and their negds known.

Seagate’s decision to shelve the 3.5-inch drivEOBb to 1986, for example, seems starkly ratidisl.
view downmarket (in terms of the disk drive tragggtmap) was toward a small total market forecast
for 1987 for 3.5-inch drives. Gross margins in timairket were uncertain, but manufacturing
executives predicted that costs per megabyte Bmgh drives would be much higher than for 5.25-
inch drives. Seagate’s view upmarket was quiteedgffit. Volumes in 5.25-inch drives with capacities
of 60 to 100 MB were forecast to be $500 millionI987. Companies serving the 60 to 100 MB
market were earning gross margins of between 351@mzercent, whereas Seagate’s margins in its
high-volume 20 MB drives were between 25 and 3@ It simply did not make sense for Seagate
to put its resources behind the 3.5-inch drive wé@mpeting proposals to move upmarket by
developing its ST251 line of drives were also beingvely evaluated.

After Seagate executives shelved the 3.5-inch ptdjlee firm began introducing new 5.25-inch
models at a dramatically accelerated rate. In 12886, and 1987, the numbers of new models
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annually introduced as a percentage of the totallbau of its models on the market in the prior year
were 57, 78, and 115 percent, respectively. Anthduhe same period, Seagate incorporated complex
and sophisticated new component technologies suhirafilm disks, voice-coil actuatot$ RLL

codes, and embedded SCSI interfaces. Clearly, thiation in doing this was to win the competitive
wars against other established firms, which werkimgasimilar improvements, rather than to prepare
for an attack by entrants from beldf.

Step 4: New Companies Were Formed, and MarkethéoDisruptive Technologies Were Found by
Trial and Error

New companies, usually including frustrated engiadé®m established firms, were formed to exploit
the disruptive product architecture. The foundénhe leading 3.5-inch drive maker, Conner
Peripherals, were disaffected employees from Seagat Miniscribe, the two largest 5.25-inch
manufacturers. The founders of 8-inch drive makeardpolis came from Pertec, a 14-inch drive
manufacturer, and the founders of Shugart and Quadefected from Memorex.

The start-ups, however, were as unsuccessful asah@er employers in attracting established
computer makers to the disruptive architecture.séqoently, they had to fintewcustomers. The
applications that emerged in this very uncertaiobmg process were the minicomputer, the desktop
personal computer, and the laptop computer. losptct, these were obvious markets for hard drives,
but at the time, their ultimate size and significamvere highly uncertain. Micropolis was founded
before the emergence of the desk-side minicomputéword processor markets in which its products
came to be used. Seagate began when personal @mmeatre simple toys for hobbyists, two years
before IBM introduced its PC. And Conner Periphegt its start before Compaqg knew the potential
size of the portable computer market. The foundétkese firms sold their products without a clear
marketing strategy—essentially selling to whoeveuld buy. Out of what was largely a trial-and-error
approach to the market, the ultimately dominantiegpons for their products emerged.

Step 5: The Entrants Moved Upmarket

Once the start-ups had discovered an operatingibasv markets, they realized that, by adopting
sustaining improvements in new component technegfithey could increase the capacity of their
drives at a faster rate than their new market requiThey blazed trajectories of 50 percent annual
improvement, fixing their sights on the large, bitdned computer markets immediately above them
on the performance scale.

The established firms’ views downmarket and theagntfirms’ views upmarket were asymmetrical. In
contrast to the unattractive margins and market thiat established firms saw when eyeing the new,
emerging markets for simpler drives, the entraate the potential volumes and margins in the upscale
high-performance markets above them as highlyaiwe Customers in these established markets
eventually embraced the new architectures theyéjadted earlier, because once their needs for
capacity and speed were met, the new drives’ smalte and architectural simplicity made them
cheaper, faster, and more reliable than the oldditactures. Thus, Seagate, which started in the
desktop personal computer market, subsequentlyledzand came to dominate the minicomputer,
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engineering workstation, and mainframe computerketarfor disk drives. Seagate, in turn, was driven
from the desktop personal computer market for drskes by Conner and Quantum, the pioneering
manufacturers of 3.5-inch drives.

Step 6: Established Firms Belatedly Jumped on #red®&agon to Defend Their Customer Base

When the smaller models began to invade establistaket segments, the drive makers that had
initially controlled those markets took their priyjoes off the shelf (where they had been put ip S)e
and introduced them in order to defend their custobase in their own market. By this time, of
course, the new architecture had shed its disreigtiaracter and become fully performance-
competitive with the larger drives in the estal#dimarkets. Although some established manufacturers
were able to defend their market positions throogllated introduction of the new architecture, many
found that the entrant firms had developed insumtethle advantages in manufacturing cost and
design experience, and they eventually withdrewnftbe market. The firms attacking from value
networks below brought with them cost structurédsachieve profitability at lower gross margins.
The attackers therefore were able to price thedpcts profitably, while the defending, established
firms experienced a severe price war.

For established manufacturers that did succeaatioducing the new architectures, survival was the
only reward. None ever won a significant sharenefriew market; the new drives simply cannibalized
sales of older products to existing customers. Tas®f 1991, almost none of Seagate’s 3.5-inch
drives had been sold to portable/laptop manufatuhes 3.5-inch customers still were desktop
computer manufacturers, and many of its 3.5-in@vedrcontinued to be shipped with frames
permitting them to be mounted in XT- and AT-clasmputers designed to accommodate 5.25-inch
drives.

Control Data, the 14-inch leader, never captureshev1 percent share of the minicomputer market. It
introduced its 8-inch drives nearly three yearsratie pioneering start-ups did, and nearly aitsof
drives were sold to its existing mainframe cust@nbfiniscribe, Quantum, and Micropolis all had the
same cannibalistic experience when they belateditpduced disruptive technology drives. They failed
to capture a significant share of the new marked,a best succeeded in defending a portion of thei
prior business.

The popular slogan “stay close to your customepgiears not always to be robust advtene
instead might expect customers to lead their sapptoward sustaining innovations and to provide no
leadership—or even to explicitiyidead—in instances of disruptive technology chafige.

FLASH MEMORY AND THE VALUE NETWORK

The predictive power of the value network framewsrkurrently being tested with the emergence of
flash memorya solid-state semiconductor memory technologystaes data on silicon memory
chips. Flash differs from conventional dynamic ramdaccess memory (DRAM) technology in that the
chip retains the data even when the power is ¢tdsiFmemory is a disruptive technology. Flash chips
consume less than 5 percent of the power thatkaddige of equivalent capacity would consume, and
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because they have no moving parts, they are fag nugged than disk memory. Flash chips have
disadvantages, of course. Depending on the amdumémory, the cost per megabyte of flash can be
between five and fifty times greater than disk mgménd flash chips are not as robust for writing:
They can only be overwritten a few hundred thougands before wearing out, rather than a few
million times for disk drives.

The initial applications for flash memory were imlwe networks quite distant from computing; they
were in devices such as cellular phones, hearttorimg devices, modems, and industrial robots in
which individually packaged flash chips were emlestidisk drives were too big, too fragile, and
used too much power to be used in these market$9B4, these applications for individually
packaged flash chips—"socket flash” in industrylmace—accounted for $1.3 billion in industry
revenues, having grown from nothing in 1987.

In the early 1990s, the flash makers produced apreduct format, called a flash card: credit card-
sized devices on which multiple flash chips, linled governed by controller circuitry, were mounted
The chips on flash cards were controlled by theesaomtrol circuitry, SCSI (Small Computer Standard
Interface, an acronym first used by Apple), as wsed in disk drives, meaning that in concept, shfla
card could be used like a disk drive for mass g@rdhe flash card market grew from $45 million in
1993 to $80 million in 1994, and forecasters wemeirgg a $230 million flash card market by 1996.

Will flash cards invade the disk drive makers’ corarkets and supplant magnetic memory? If they do,
what will happen to the disk drive makers? Willytistay atop their markets, catching this new
technological wave? Or will they be driven out?

The Capabilities Viewpoint

Clark’s concept of technological hierarchies€ note Yifocuses on the skills and technological
understanding that a company accumulates as thk oféshe product and process technology
problems it has addressed in the past. In evaly#tiethreat to the disk drive makers of flash mgmo
someone using Clark’s framework, or the relatedifigs of Tushman and Anders@eé note

would focus on the extent to which disk drive makiesive historically developed expertise in
integrated circuit design and in the design androbof devices composed of multiple integrated
circuits. These frameworks would lead us to expeat drive makers will stumble badly in their
attempts to develop flash products if they havatéichexpertise in these domains and will succeed if
their experience and expertise are deep.

On its surface, flash memory involves radicallyfeliéntelectronicstechnology than the core
competence of disk drive makers (magnetics and amecs). But such firms as Quantum, Seagate, and
Western Digital have developed deep expertise stoca integrated circuit design through embedding
increasingly intelligent control circuitry and cacmemory in their drives. Consistent with the pcact

in much of the ASIC (application-specific integmigrcuit) industry, their controller chips are
fabricated by independent, third-party fabricatbest own excess clean room semiconductor
processing capacity.

Each of today’s leading disk drive manufacturersitgostart by designing drives, procuring
components from independent suppliers, assembimm either in its own factories or by contract, and
then selling them. The flash card business is samylar. Flash card makers design the card and
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procure the component flash chips; they designhave fabricated an interface circuit, such as SCSI,
to govern the drive’s interaction with the compgtotevice; they assemble them either in-house or by
contract; and they then market them.

In other words, flash memory actuabiyilds uponmportant competencies that many drive makers
have developed. The capabilities viewpoint, theefavould lead us to expect that disk drive makers
may not stumble badly in bringing flash storage technolagthe market. More specifically, the
viewpoint predicts that those firms with the de¢megerience in IC design—Quantum, Seagate, and
Western Digital—will bring flash products to marlatite readily. Others, which historically
outsourced much of their electronic circuit desigiay face more of a struggle.

This has, indeed, been the case to date. Seadatedthe flash market in 1993 via its purchasa of

25 percent equity stake in Sundisk Corporationg&tmand SunDisk together designed the chips and
cards; the chips were fabricated by Matsushita,theatards were assembled by a Korean
manufacturer, Anam. Seagate itself marketed thésc&uantum entered with a different partner,
Silicon Storage Technology, which designed the kiat were then fabricated and assembled by
contract.

The Organizational Structure Framework

Flash technology is what Henderson and Clark woalbtradical technology. Its product architecture
and fundamental technological concept are novelpeoad to disk drives. The organizational structure
viewpoint would predict that, unless they creatsghaizationally independent groups to design flash
products, established firms would stumble badhagaée and Quantum did, indeed, rely on
independent groups and did develop competitive yartsd

The Technology S-Curve Framework

The technology S-curve is often used to predicttivdrean emerging technology is likely to supplant
an established one. The operative trigger is thyeesdf the curve of the established technologthdf
curve has passed its point of inflection, so ttesecond derivative is negative (the technology is
improving at a decreasing rate), then a new tedgyainay emerge to supplant the established one.
Figure 2.7 shows that the S-curve for magnetic cksbkrding still has not hit its point of inflectip

Not only is the areal density improving, as of 19®%as improving at amcreasingrate.

The S-curve framework would lead us to predictréfae, that whether or not established disk drive
companies possess the capability to design flagsts chlash memory will not pose a threat to them
until the magnetic memory S-curve has passed it# pbinflection and the rate of improvement in
density begins to decline.

53



Figure 2.7Improvements in Areal Density of New Disk Drivesgffisities in Millions of Bits per
Square Inch)

al Density

Enginssring Effort
Source:Data are from various issuesik/Trend Report.

Insights from the Value Network Framework

The value network framework asserts that noneefdahegoing frameworks is a sufficient predictor of
success. Specifically, even where established fitioh®0t possess the requisite technological skalls
develop a new technology, they would marshal tseueces to develop or acquire them if their
customers demanded it. Furthermore, the value mktsu@mgests that technology S-curves are useful
predictors only with sustaining technologies. Dgive technologies generally improve at a parallel
pace with established ones—their trajectories danersect. The S-curve framework, therefore, asks
thewrong questiorwhen it is used to assess disruptive technolodyatvihatters instead is whether the
disruptive technology is improving from below aloadrajectory that will ultimately intersect with
what themarketneeds.

The value network framework would assert that eéhengh firms such as Seagate and Quantum are
abletechnologicallyto develop competitive flash memory products, Wwaethey invest the resources
and managerial energy to build strong market pmsstin the technology will depend on whether flash
memory can be initially valued and deployed witthia value networks in which the firms make their
money.

As of 1996, flash memory can only be used in valegvorks different from those of the typical disk
drive maker. This is illustrated in Figure 2.8, aiplots the average megabytes of capacity of flash
cards introduced each year between 1992 and 168%ared with the capacities of 2.5- and 1.8-inch
drives and with the capacity demanded in the natkelsomputer market. Even though they are rugged
and consume little power, flash cards simply dgeitpack the capacity to become the main mass
storage devices in notebook computers. And theemid¢he flash capacity required to meet what the
low end of the portable computing market demanbea350 MB in 1995) is too high: The cost of
that much flash capacity would be fifty times higtiean comparable disk storagelhe low power
consumption and ruggedness of flash certainly Imavealue and command no price premium on the
desktop. There is, in other words, no way to usghfitoday in the markets where firms such as
Quantum and Seagate make their money.
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Figure 2.8Comparison of Disk Drive Memory Capacity to Flasird€€ Memory Capacity
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Source:Data are from various issuesoik/Trend Report.

Hence, because flash cards are being used in mareipletely different from those Quantum and
Seagate typically engage—palmtop computers, elgictdipboards, cash registers, electronic
cameras, and so on—the value network framework dvprddict that firms similar to Quantum and
Seagate armot likely to build market-leading positions in flasiemory. This is not because the
technology is too difficult or their organizatiorsttuctures impede effective development, but beeau
their resources will become absorbed in fightingaiod defending larger chunks of business in the
mainstream disk drive value networks in which thagrently make their money.

Indeed, the marketing director for a leading flaahd producer observed, “We’re finding that as hard
disk drive manufacturers move up to the gigabytgeathey are unable to be cost competitive at the
lower capacities. As a result, disk drive makeesgarlling out of markets in the 10 to 40 megabyte
range and creating a vacuum into which flash cavenid’

The drive makers’ efforts to build flash card besises have in fact floundered. By 1995, neither
Quantum nor Seagate had built market shares of Bypencent of the flash card market. Both
companies subsequently concluded that the opptytumilash cards was not yet substantial enough,
and withdrew their products from the market the sgar. Seagate retained its minority stake in
SunDisk (renamed SanDisk), however, a strategytwlais we shall see, is an effective way to address
disruptive technology.
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IMPLICATIONS OF THE VALUE NETWORK FRAMEWORK FOR INN  OVATION

Value networks strongly define and delimit what gamies within them can and cannot do. This
chapter closes with five propositions about theireadf technological change and the problems
successful incumbent firms encounter, which theeaetwork perspective highlights.

1. The context, or value network, in which a firomgpetes has a profound influence on its ability to
marshal and focus the necessary resources andiltggsato overcome the technological and
organizational hurdles that impede innovation. bbendaries of a value network are determined by a
unique definition of product performance—a rankewindg of the importance of various performance
attributes differing markedly from that employedoither systems-of-use in a broadly defined industry
Value networks are also defined by particular stistctures inherent in addressing customers’ needs
within the network.

2. A key determinant of the probability of an inative effort’'s commercial success is the degree to
which it addresses the well-understood needs oivkrexctors within the value network. Incumbent
firms are likely to lead their industries in inndwas of all sorts—architecture and components—that
address needs within their value network, regasdbésntrinsic technological character or diffigult
These are straightforward innovations; their valod application are clear. Conversely, incumbent
firms are likely to lag in the development of teologies—even those in which the technology
involved is intrinsically simple—that only addrezssstomers’ needs in emerging value networks.
Disruptive innovations are complex because thdirevand application are uncertain, according to the
criteria used by incumbent firms.

3. Established firms’ decisions to ignore technedhat do not address their customers’ needs
become fatal when two distinct trajectories interabe first defines the performance demanded over
time within a given value network, and the secaoadds the performance that technologists are able t
provide within a given technological paradigm. Tregectory of performance improvement that
technology is able to provide may have a distindifferent slope from the trajectory of performance
improvement demanded in the system-of-use by doeaust customers within any given value
network. When the slopes of these two traject@ressimilar, we expect the technology to remain
relatively contained within its initial value netvko But when the slopes differ, new technologies th
are initially performance-competitive only withimerging or commercially remote value networks
may migrate into other networks, providing a vehidr innovators in new networks to attack
established ones. When such an attack occurdydéciguse technological progress has diminished the
relevancce of differences in the rank-orderingef@rmance attributes across different value
networks. For example, the disk drive attributesiné and weight were far more important in the
desktop computing value network than they werdéhainframe and minicomputer value networks.
When technological progress in 5.25-inch drivesethmanufacturers to satisfy the attribute
prioritization in the mainframe and minicomputetwerks, which prized total capacity and high
speedas well aghat in the desktop network, the boundaries betwiee value networks ceased to be
barriers to entry for 5.25-inch drive makers.

4. Entrant firms have an attacker’'s advantage estblished firms in those innovations—generally
new product architectures involving little new teology per se—that disrupt or redefine the level,
rate, and direction of progress in an establiskelrtological trajectory. This is so because such
technologies generate no value within the estaddistetwork. The only way established firms can lead
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in commercializing such technologies is to enterialue network in which they create value. As
Richard Tedlow noted in his history of retailingAmerica (in which supermarkets and discount
retailing play the role of disruptive technologie$he most formidable barrier the established §rm
faced is that they did not want to do thf3.”

5. In these instances, although this “attackersaathge” isassociatedvith a disruptive technology
change, the essence of the attacker’'s advantagéhie ease with which entrants, relative to
incumbents, can identify and make strategic comaenitisito attack and develop emerging market
applications, or value networks. At its core, there, the issue may be the relative flexibility of
successful established firms versus entrant fiorhangestrategies and cost structuremt
technologies.

These propositions provide new dimensions for amadytechnological innovation. In addition to the
required capabilities inherent in new technologied in the innovating organization, firms facedhwit
disruptive technologies must examine the impligaiof innovation for their relevant value networks.
The key considerations are whether the performattabutes implicit in the innovation will be valde
within the networks already served by the innovatgrether other networks must be addressed or new
ones created in order to realize value for thewvation; and whether market and technological
trajectories may eventually intersect, carryindhtedogies that do not address customers’ needy toda
to squarely address their needs in the future.

These considerations apply not simply to firms gliayg with the most modern technologies, such as
the fast-paced, complex advanced electronic, meécdiaand magnetics technologies covered in this
chapter. Chapter 3 examines them in the conteatvefry different industry: earthmoving equipment.

NOTES

1. See Rebecca M. Henderson and Kim B. Clark, “Aetiiral Innovation: The Reconfiguration of
Existing Systems and the Failure of Establishech&irAdministrative Science Quarter{85), 1990,
9-30.

2. Tracy Kidder,The Soul of a New Machirislew York: Avon Books, Inc., 1981).

3. A few scholars have sought to measure the prapodi technological progress attributable to
radical versus incremental advances. In an empstady of a series of novel processes in petroleum
refining, for example, John Enos found that hadf #dconomic benefits of new technology came from
process improvements introduced after a new teolggahas commercially established. See J. L.
Enos, “Invention and Innovation in the Petroleuniiftieg Industry,” inThe Rate and Direction of
Inventive Activity: Economic and Social Factaiational Bureau of Economic Research Report
(Princeton, NJ: Princeton University Press, 19899-321. My study of the disk drive industry has
shown the same result. Half the advance in areaitye(megabits per square inch of disk surface) ca
be attributed to new component technologies anddahcremental improvements in existing
components and refinements in system design. Ssgddl M. Christensen, “Exploring the Limits of
the Technology S-CurveProduction and Operations Manageméhj, 1992, 334—-366.

4. See Kim B. Clark, “The Interaction of Design Hierfaies and Market Concepts in Technological
Evolution,” Research Policyl4), 1985, 235-251. Clark suggests, for exanpbd,the early selections
by automotive engineers of gasoline over steanteatrécally powered engines defined the technical
agenda for subsequent generations of engineerscarfgequently did not pursue refinements in
electric or steam propulsion. Clark has thus shthvahthe design skills and technological knowledge
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resident in companies today result from the cunudathoices engineers have made of what to tackle
versus what to leave alone. Clark posits that telcigical improvements requiring that companies
build upon or extend an existing cumulative bodkmdwledge favor an industry’s established firms.
Conversely, when changes require a completelyréiftebody of knowledge, established firms will be
at a disadvantage compared to firms that had ajlraecumulated a different hierarchically structured
body of knowledge, most likely in another industry.

5. See, for example, Michael L. Tushman and Philiglémson, “Technological Discontinuities and
Organizational EnvironmentsAdministrative Science Quarter{81), 1986, 439-465; and Philip
Anderson and Michael Tushman, “Technological Disewities and Dominant Designs,”
Administrative Science Quarter{85), 1990, 604—-633.

6. The concept ofalue networlbuilds on Giovanni Dosi’s concept ichnological paradigmsSee
Giovanni Dosi, “Technological Paradigms and Tecbgmal Trajectories,Research Policyl1),

1982, 147-162. Dosi characterizes a technologeadigm as a “pattern of solution of selected
technological problems, based on selected prireigdzived from natural sciences and on selected
material technologies” (152). New paradigms repredescontinuities in trajectories of progress as
defined within earlier paradigms. They tend to fedethe very meaning of progress, and point
technologists toward new classes of problems atatigets of ensuing normal technology
development. The question examined by Dosi—how teelnologies are selected and retained—is
closely related to the question of why firms suckceefail as beneficiaries of such changes.

7. Value network, as presented here, draws heavilgeas | developed jointly with Professor Richard
S. Rosenbloom and which are summarized in two gwrticles: Clayton M. Christensen and Richard
S. Rosenbloom, “Explaining the Attacker’'s Advantafiee Technological Paradigms, Organizational
Dynamics, and the Value Networlgesearch Policy24), 1995, 233-257; and Richard S. Rosenbloom
and Clayton M. Christensen, “Technological Discouities, Organizational Capabilities, and Strategic
Commitments,industrial and Corporate Chang@), 1994, 655—-685. | am heavily indebted to
Professor Rosenbloom for his contributions to teeetbpment of these perspectives.

8. See D. L. Marples, “The Decisions of Engineerirgsin,”|IEEE Transactions on Engineering
ManagemenEMS, 1961, 55-71; and C. AlexandBigtes on the Synthesis of Fof@ambridge, MA:
Harvard University Press, 1964).

9. On this point, too, correspondence between theaqtrof the value network and Dosi’s concept of
technological paradigms is strong. (See note 6e)Sdope and boundaries of a value network are
defined by the dominant technological paradigm ttwedcorresponding technological trajectory
employed at the higher levels of the network. AsiBoiggestsyaluecan be defined as a function of
the dominant technological paradigm in the ultimgtstem of use in the value network.

10. Michael PorterCompetitive Advantag@New York: The Free Press, 1985).

11.A more complete report of this analysis can benéoun chapter 7 of Clayton M. Christensé&hge
Innovator’s Challenge: Understanding the Influerndéviarket Environment on Processes of
Technology Development in the Rigid Disk Drive btdy thesis, Harvard University Graduate School
of Business Administration, 1992.

12.D. SahalPatterns of Technological Innovatighondon: Addison Wesley, 1981).

13. The most widely read proponent of this view ishid Foster; see, for example, maovation:

The Attacker's Advantag®lew York: Summit Books, 1986).

14.The insights summarized here are articulated roomgpletely in C. M. Christensen, “Exploring the
Limits of the Technology S-CurveProduction and Operations Manageméh}, 1992, 334-366.

15. A fuller account of similar decisions made in athiems can be found in Clayton M. Christensen,
The Innovator’s Challenge: Understanding the Inflae of Market Environment on Processes of
Technology Development in the Rigid Disk Drive Btdy thesis, Harvard University Graduate School
of Business Administration, 1992.

16. This procedure is consistent with Robert Burgelsabservation that one of the greatest
difficulties encountered by corporate entrepreneuns finding the right “beta test sites,” where
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products can be interactively developed and refimiglal customers. Generally, the entrée to the
customer was provided by the salesperson who kelfinm’s established product lines. This helped
the firm develop new products for established migtkaut not identify new applications for its new
technology. See Robert Burgelman and Leonard Sdpkide Corporate InnovatioNew York: The
Free Press, 1986) 76—80. Professor Rebecca Hendmwsded out to me that this tendency always to
take new technologies to mainstream customerscieferather narromarketingcompetence—that
although many scholars tend to frame the issuma®btechnological competence, such inability to
find new markets for new technologies may be a’ifmost serious handicap in innovation.

17.Voice coil motors were more expensive than thppte motors that Seagate had previously used.
While not new to the market, they were new to Seaga

18. This is consistent with the findings reported bywdéld Cooper and Dan Schendel in “Strategic
Responses to Technological ThreaBisiness Horizongl9), February, 1976, 61-69.

19. Ultimately, nearly all North American disk driveamufacturers can trace their founders’ genealogy
to IBM’s San Jose division, which developed and afiactured its magnetic recording products. See
Clayton M. Christensen, “The Rigid Disk Drive Indiys A History of Commercial and Technological
Turbulence,Business History Revie{@7), Winter, 1993, 531-588.

20.1n general, these component technologies were o within the largest of the established firms
that dominated the established markets above thdsants. This is because new components generally
(but not always) have a sustaining impact on teldyyotrajectories. These high-end, establishedsirm
typically were engaged in the hottest pursuit ataiming innovations.

21.The research of Eric von Hippel, frequently ciéexdevidence of the value of listening to customers,
indicates that customers originate a large majafityew product ideas (see Eric von Hipgéie
Sources of InnovatiofNew York: Oxford University Press, 1988]). Onaifful avenue for future
research would be to revisit von Hippel’'s dataght of the framework presented here. The value
network framework would predict that the innovasdoward which the customers in von Hippel's
study led their suppliers would have been sustgiminovations. We would expect disruptive
innovations to have come from other sources.

22.Henderson saw similar potential danger for beiigjed by customers in her study of
photolithographic aligner equipment manufactur8ee Rebecca M. Henderson, “Keeping Too Close
to Your Customers,” Massachusetts Institute of fietdgy Sloan School of Management working
paper, 1993.

23.Many industry observers have noted that there seéerne a floor on the cost of making a disk
drive, somewhere around $120 per device, belowhéien the best manufacturers cannot plunge.
This is the basic cost of designing, producing, asskmbling the requisite components. Drive makers
keep reducing costs per megabyte by continuoushgasing the number of megabytes available in
that basic $120 box. The effect of this floor oa tompetition between disk drives and flash cardg m
be profound. It means that in low-capacity appiara, as the price of flash memory falls, flash wil
become cost-competitive with disk memory. The fimmabove which magnetic disk drives have lower
costs per megabyte than flash will keep moving ugetain a manner perfectly analogous to the
upmarket movement of larger disk drive architectuEexperts predicted, in fact, that by 1997, a 8 M
flash card would be priced comparably to a 40 Mé&kdlrive.

24.Lewis H. Young, “Samsung Banks on Tiny Flash Cdlectronic Business Buyé21), July,

1995, 28.

25.Richard TedlowNew and Improved: A History of Mass Marketing inekicae (Boston: Harvard
Business School Press, 1994).
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CHAPTERTHREE

Disruptive Technological
Change in the Mechanical
Excavator Industry

Excavators and their steam shovel predecessolsigeepieces of capital equipment sold to excavation
contractors. While few observers consider thiss&faoving, technologically dynamic industry, it has
points in common with the disk drive industry: Ovtsrhistory, leading firms have successfully
adopted a series slistaininginnovations, both incremental and radical, in comgnts and

architecture, but almost the entire population ethanical shovel manufacturers was wiped out by a
disruptive technology—hydraulics—that the leaderstomers and their economic structure had
caused them initially to ignore. Although in diskveés such invasions of established markets ocdurre
within a few years of the initial emergence of eddruptive technology, the triumph of hydraulic
excavators took twenty years. Yet the disruptiw@sgion proved just as decisive and difficult to
counter in excavators as those in the disk dridesiry?

LEADERSHIP IN SUSTAINING TECHNOLOGICAL CHANGE

From William Smith Otis’ invention of the steam siebin 1837 through the early 1920s, mechanical
earthmoving equipment was steam-powered. A cebtitdr sent steam through pipes to small steam
engines at each point where power was requirdaeimiachine. Through a system of pulleys, drums,
and cables, these engines manipulated frontwaropsog buckets, as illustrated in Figure 3.1.
Originally, steam shovels were mounted on rails asetl to excavate earth in railway and canal
construction. American excavator manufacturers wigtely clustered in northern Ohio and near
Milwaukee.

Figure 3.1Cable-Actuated Mechanical Shovel Manufactured bgddd General

60



Source:0Osgood General photo in Herbert L. Nichols, Nloying the Earth: The Workbook of
Excavation(Greenwich, CT: North Castle, 1955).

In the early 1920s, when there were more tharythwbd steam shovel manufacturers based in the
United States, the industry faced a major techno&gipheaval, as gasoline-powered engines were
substituted for steam powefhis transition to gasoline power falls into tketegory that Henderson
and Clark label radical technological transitioheTfundamental technological concept in a key
component (the engine) changed from steam to iateombustion, and the basic architecture of the
product changed. Where steam shovels used steasupedo power a set of steam engines to extend
and retract the cables that actuated their bucesline shovels used a single engine and a very
different system of gearing, clutches, drums, amadkés to wind and unwind the cable. Despite the
radical nature of the technological change, howayasoline technology hadsastainingimpact on

the mechanical excavator industry. Gasoline engies powerful enough to enable contractors to
move earth faster, more reliably, and at lower tuat any but the very largest steam shovels.

The leading innovators in gasoline engine technolegre the industry’s dominant firms, such as
Bucyrus, Thew, and Marion. Twenty-three of the ttyeiive largest makers of steam shovels
successfully negotiated the transition to gasgdiower2 As Figure 3.2 shows, there were a few entrant
firms among the gasoline technology leaders inl@#0s, but the established firms dominated this
transition.

Beginning in about 1928, the established manufacswf gasoline-powered shovels initiated the next
major, but less radical, sustaining technologicaisition—to shovels powered by diesel engines and
electric motors. A further transition, made afteoNdl War 11, introduced the arched boom design,
which allowed longer reach, bigger buckets, antebeown-reaching flexibility. The established fam
continued to embrace and succeed with each of thasgations.

Figure 3.2Manufacturers of Gasoline-Powered Cable Shovel)-1934
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Excavation contractors themselves actually piorceareumber of other important sustaining
innovations, first modifying their own equipmentthre field to make it perform better and then
manufacturing excavators incorporating those festim sell to the broader market.

THE IMPACT OF DISRUPTIVE HYDRAULICS TECHNOLOGY

The next major technological change precipitatedieapread failure in the industry. Beginning shortly
after World War Il and continuing through the |4@60s, while the dominant source of power
remained the diesel engine, a new mechanism emérgedtending and lifting the bucket:
hydraulically actuated systems replaced the cattigated systems. Only four of the thirty or so
established manufacturers of cable-actuated equipiméusiness in the 1950s (Insley, Koehring,
Little Giant, and Link Belt) had successfully tréorsned themselves into sustainable hydraulic
excavator manufacturers by the 1970s. A few otlergived by withdrawing into making such
equipment as huge, cable-actuated draglines fprraining and dredgingMost of the others failed.
The firms that overran the excavation equipmentstiy at this point were all entrants into the
hydraulics generation: J. I. Case, John Deere t[Ofotd, J. C. Bamford, Poclain, International
Harvester, Caterpillar, O & K, Demag, Leibherr, Katsu, and HitactiWhy did this happen?

Performance Demanded in the Mechanical Excavatorkiela

Excavators are one of many types of earthmovingpaggent. Some equipment, such as bulldozers,
loaders, graders, and scrapers, essentially pusigth, and lift earth. Excavatdrisave been used to
dig holes and trenches, primarily in three markktst and largest, the general excavation market,
composed of contractors who dig holes for basenwmts/il engineering projects such as canal
construction; second, sewer and piping contractans, generally dig long trenches; and third, opién p
or strip mining. In each of these markets, contnachave tended to measure the functionality of
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mechanical excavators by their reach or extensgtartte and by the cubic yards of earth lifted in a
single scoop.

In 1945, sewer and piping contractors used machumese bucket capacity averaged about 1 cubic
yard (best for digging relatively narrow trenchesljle the average general excavation contracted us
excavators that hefted 2 1/2 cubic yards per semojpmining contractors used shovels holding about 5
cubic yards. The average bucket capacity useddn ebthese markets increased at about 4 percent pe
year, a rate of increase constrained by other fadtcthe broader system-of-use. The logistical
problems of transporting large machines into artbtypical construction sites, for example, helpe
limit the rate of increase demanded by contractors.

The Emergence and Trajectory of Improvement of &lyldr Excavation

The first hydraulic excavator was developed by iadbrcompany, J. C. Bamford, in 1947. Similar
products then emerged simultaneously in severalrfane companies in the late 1940s, among them,
the Henry Company, of Topeka, Kansas, and ShermaduBts, Inc., of Royal Oak, Michigan. The
approach was labeled “Hydraulically Operated Polake-Off,” yielding an acronym that became the
name of the third entrant to hydraulic excavatimghie late 1940s, HOPTO.

Their machines were calldshckhoedecause they were mounted on the back of induetrfarm
tractors. Backhoes excavated by extending the $lotepushing it down into the earthcurling or
articulating the shovel under the slice of eartid Efting it up out of the hole. Limited by the wer

and strength of available hydraulic pumps’ sea@ils,dapacity of these early machines was a mere 1/4
cubic yard, as graphed in Figure 3.3. Their reaah also limited to about six feet. Whereas the best
cable excavators could rotate a full 360 degreadein track base, the most flexible backhoes could
rotate only 180 degrees.

Figure 3.3Disruptive Impact of Hydraulics Technology in theedbhanical Excavator Market
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Source:Data are from the Historical Construction Equipmessociation.
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Because their capacity was so small and their reachort, hydraulic excavators were of no use to
mining, general excavation, or sewer contractors) were demanding machines with buckets that
held 1 to 4 cubic yards. As a result, the entraimtsf had to develop a new application for their
products. They began to sell their excavatorstastainents for the back of small industrial and farm
tractors made by Ford, J. I. Case, John Deeranktienal Harvester, and Massey Ferguson. Small
residential contractors purchased these unitsgmalirow ditches from water and sewer lines in the
street to the foundations of houses under congtructhese very small jobs had never warranted the
expense or time required to bring in a big, impegctable-actuated, track-driven shovel, so the
trenches had always been dug by hand. Hydraulikhoss attached to highly mobile tractors could do
these jobs in less than an hour per house, andtisgme extremely popular with contractors building
large tract subdivisions during the housing bodmas tollowed World War Il and the Korean War.
These early backhoes were sold through tractormapment dealerships accustomed to dealing with
small customers.

The early users of hydraulic excavators were,woed, very different from the mainstream customers
of the cable shovel manufacturers—in size, in neadld in the distribution channels through which
they bought. They constituted a new value networkrfechanical excavation. Interestingly, just &s th
performance of smaller-architecture disk drives masisured in different metrics than the performance
of large drives (weight, ruggedness, and powerwmpsion versus capacity and speed), the
performance of the first backhoes was measuredrdiitly from the performance of cable-actuated
equipment. The metrics featured most prominentlyarly product literature of hydraulic backhoes
were shovelidth (contractors wanted to dig narrow, shallow tresytzand the speed and
maneuverability of thé&ractor. Figure 3.4, excerpted from an early product broetitom Sherman
Products for its “Bobcat” hydraulic backhoe, illieges this. Sherman called its Bobcat a “digger,”
showed it operating in tight quarters, and claimeduld travel over sod with minimum damage. The
Bobcat was mounted on a Ford tractor. (Ford sulmsgtyuacquired the Sherman Bobcat line.) The
featured attributes, of course, were simply irratgvto contractors whose bread was buttered by big
earthmoving projects. These differences in the4@ndering of performance attributes defined the
boundaries of the industry’s value networks.

Figure 3.4Hydraulic Backhoe Manufactured by Sherman Products
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Source:Brochure from Sherman Products, Inc., Royal Oalghigian, early 1950s.

The solid line in Figure 3.3 charts the rate of iaygment in bucket size that hydraulics engineers
were able to provide in the new excavator architectThe maximum available bucket size had
reached 3/8 cubic yard by 1955, 1/2 cubic yard3§0]1 and 2 cubic yards by 1965. By 1974, the
largest hydraulic excavators had the muscle td0ftubic yards. This trajectory of improvement,
which was far more rapid than the rate of improventemanded in any of the excavator markets,
carried this disruptive hydraulics technology updverom its original market through the large,
mainstream excavation markets. The use of hydraubtavators in general contracting markets was
given a boost in 1954 when another entrant fir@@&mmany, Demag, introduced a track-mounted
model that could rotate on its base a full 360 degr

THE RESPONSE TO HYDRAULICS BY THE ESTABLISHED EXCAV ATOR
MANUFACTURERS

Just as Seagate Technology was one of the firssfio develop prototype 3.5-inch drives, Bucyrus
Erie, the leading cable shovel maker, was keenrawf the emergence of hydraulic excavating
technology. By 1950 (about two years after the fisckhoe appeared) Bucyrus purchased a fledgling
hydraulic backhoe company, the Milwaukee HydrauGicsporation. Bucyrus faced precisely the same
problem in marketing its hydraulic backhoe as Stagad faced with its 3.5-inch drives: Its most
powerful mainstream customers had no use for it.

Bucyrus Erie’s response was a new product, intredue 1951, called the “Hydrohoe.” Instead of
using three hydraulic cylinders, it used only twoe to curl the shovel into the earth and one to
“crowd” or draw the shovel toward the cab; it usechble mechanism to lift the shovel. The Hydrohoe
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was thus a hybrid of the two technologies, remems©f the early transoceanic steamships outfitted
with sailst! There is no evidence, however, that the Hydrohbgtsid design resulted from Bucyrus
engineers’ being “stuck” in some sort of cable-lblasegineering paradigm. Rather, the cable lift
mechanism was thenly viable way at that time, based on the state ofdwlits technology, to give
the Hydrohoe the bucket capacity and reach thaymisanarketers thought they needed to appeal to
their existing customers’ needs.

Figure 3.5 presents an excerpt from an early Hyakgdroduct brochure. Note the differences from
Sherman’s marketing approach: Bucyrus labeled §drdhoe a “dragshovel,” showed it in an open
field, and claimed it could “get a heaping loademery pass”—all intended to appeal to general
excavation contractors. Rather than commerciatieedtsruptive technology in the value network in
which the current attributes of hydraulics weregd, Bucyrus tried to adapt the technology tadit i
own value network. Despite this attempt, the Hydmtvas still too limited in capacity and reach and
did not sell well to Bucyrus’ customers. Bucyrupkiis Hydrohoe on the market for over a decade,
attempting periodically to upgrade its performatwenake it acceptable to its customers, but the
machine was never commercially successful. Ultilgatee company returned to the cable shovels
that its customers needed.

Figure 3.5Hydrohoe Manufactured by Bucyrus Erie

Another “FIRST"

Source:Brochure from Bucyrus Erie Company, South Milwaykégsconsin, 1951.
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Bucyrus Erie was the only maker of cable-actuated/sls known to have launched a hydraulic
excavator between 1948 and 1961: All of the othanufiacturers continued serving their established
customers, well and prosperou$fyin fact, the largest makers of cable-actuated\etoas, Bucyrus

Erie and Northwest Engineering, logged record psafntil 1966—the point at which the disruptive
hydraulics technology had squarely intersected wistomers’ needs in the sewer and piping segment.
This is typical of industries facing a disruptieehnology: The leading firms in the established
technology remain financially strong until the distive technology is, in fact, in the midst of thei
mainstream market.

Between 1947 and 1965, twenty-three companiesezhtbe mechanical excavation market with
hydraulic products. Figure 3.6, which measureddls number of active entrants and established
firms offering hydraulic excavators (net of the qmanies that had exited), shows how completely the
entrants dominated the hydraulic excavator market.

In the 1960s, some of the strongest cable shovikémantroduced shovels with hydraulics. Almost all
of these models were hybrids, however, like Buc¥te’'s Hydrohoe, generally employing a
hydraulic cylinder to articulate or curl the buclagid using cables to extend the bucket out aniét to |
the boom. When used in this way in the 1960s, hytishad a sustaining impact on the established
manufacturers’ products, improving their performantthe mainstream value networks. Some of the
methods that engineers found to use hydraulichemrable excavators were truly ingenious. All @ th
innovative energy, however, was targeted at exjstirstomers.

The strategies employed by the excavator manufastaiuring this period highlight an important
choice that confronts companies encountering dismpechnological change. In general, the
successful entrants accepted the capabilities driduyics technology in the 1940s and 1950s asengiv
and cultivated new market applications in whichtég®hnology, as it existed, could create value. And
as a general rule, the established firms saw that&in the other way around: They took tharket’s
needs as the given. They consequently sought ft adamprove the technology in ways that would
allow them to market the new technology to theistixg customers as a sustaining improvement. The
established firms steadfastly focused their inngeahvestments on their customers. Subsequent
chapters will show that this strategic choice issgnt in most instances of disruptive innovation.
Consistently, established firms attempt to pushelbnology into their established markets, whike t
successful entrants find a new market that valoesechnology.

Figure 3.6Manufacturers of Hydraulic Excavators, 1948-1965
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Source:Data are from the Historical Construction Equipméssociation.

Hydraulics technology ultimatelgid progress to the point where it could address #wszig of
mainstream excavation contractors. That progressashieved, however, by the entrant companies,
who had first found a market for the initial capdieis of the technology, accumulated design and
manufacturing experience in that market, and thed ahat commercial platform to attack the value
networks above them. The established firms lost¢bintest. Only four cable excavator companies—
Insley, Koehring, Little Giant, and Link Belt—renn&id as viable suppliers to excavation contractors
by successfully but belatedly introducing linesgélraulic excavators to defend their markéts.

Aside from these, however, the other leading martufars of big cable machines in the mainstream
excavation markets never introduced a commercsaifcessful hydraulic excavator. Although some
had employed hydraulics to a modest degree askebuaarling mechanism, they lacked the design
expertise and volume-based manufacturing costipogid compete as hydraulics invaded the
mainstream. By the early 1970s, all of these fiad been driven from the sewer, piping, and general
excavation markets by the entrants, most of whawhefined their technological capabilities inital

in the small-contractor markét.

This contrast in strategies for profiting from charcharacterizes the approaches employed by entrant
and established firms in many of the other indastaffected by disruptive technologies—particularly
disk drives, steel, computers, and electric cars.

THE CHOICE BETWEEN CABLE AND HYDRAULICS

In the trajectory map of Figure 3.3, when hydrautechnology became capable of addressing the
bucket-size needs of sewer and piping contractorg & similar trajectory could be sketched for arm-
reach), the competitive dynamics in the industrgrdded, and the mainstream excavation contractors
changed the criteria by which they purchased #giipment. Even today, the cable-actuated
architecture can attain much longer reach and gréitthan can hydraulic excavators: They have
roughly parallel technology trajectories. But oo¢h cable- and hydraulics-actuated systems could
satisfy mainstream market requirements, excavatotractors could no longer base their choice of
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equipment on which had longer reach and greatetdtwapacity. Both were good enough, and the fact
that cable was better ceased to have competitigeamace.

Contractors found, however, that hydraulic machimese much less prone to breakdowns than cable-
actuated excavators. In particular, those who kpereenced the life-threatening snap of a cabldevhi
hefting a heavy bucket embraced reliable hydrauwjigskly, as soon as it was capable of doing the jo
Once both technologies were good enough in the loagiabilities demanded, therefore, the basis of
product choice in the market shifted to reliabiliBewer and piping contractors began adopting
hydraulic equipment rapidly beginning in the edr860s, and general excavation contractors followed
later in the decade.

CONSEQUENCES AND IMPLICATIONS OF THE HYDRAULICS ERU PTION

What went wrong within the companies that madeesalotuated excavators? Clearly, with the benefit
of hindsight, they should have invested in hyd@uihachines and embedded that piece of their
organizations charged with making hydraulic productthe value network that needed them. But the
dilemma in managing the disruptive technology im lieat of the battle is that nothing went wrong
inside these companies. Hydraulics was a techndluafytheir customers didn’t need—indeed,
couldn’t use. Each cable shovel manufacturer wasobmat least twenty manufacturers doing
everything they could to steal each other’s custsmniéthey took their eyes off their customersktie
generation needs, existing business would have etest risk. Moreover, developing bigger, better,
and faster cable excavators to steal share frostiegicompetitors constituted a much more obvious
opportunity for profitable growth than did a vergunto hydraulic backhoes, given how small the
backhoe market was when it appeared in the 1950ssSve have seen before, these companies did
not fail because the technology wasn't availableeyldid not fail because they lacked information
about hydraulics or how to use it; indeed, the bégtem used it as soon as it could help their
customers. They did not fail because managemensleapy or arrogant. They failed because
hydraulics didn’t make sense—until it was too late.

The patterns of success and failure we see among faced with sustaining and disruptive technology
change are a natural or systematic resuifooid managerial decisions. That is, in fact, why dising
technologies confront innovators with such a dilemkVorking harder, being smarter, investing more
aggressively, and listening more astutely to custsrare all solutions to the problems posed by new
sustaining technologies. But these paradigms afidmanagement are useless—even
counterproductive, in many instances—when dealiitly disruptive technology.

NOTES

1. A summary of how this same mechanism might hafextfd a broader range of industries can be
found in Richard S. Rosenbloom and Clayton M. Ganisen, “Technological Discontinuities,
Organizational Capabilities, and Strategic Committeg Industrial and Corporate Chang@), 1994,
655-686.

2. This information and the data used to calculagegifaphs in this section were provided by Dimitrie
Toth, Jr., and Keith Haddock, both National Direstof the Historical Construction Equipment
Association. The association has a wealth of in&drom about the earthmoving equipment industry in
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its archives, and Toth and Haddock were most guadio sharing their knowledge and information
with me. | am also indebted to them for their helgiomments on an earlier draft of this chaptehedt
useful sources of information are Peter GrimshaxcavatorgPoole, England: Blandford Press,

1985); The Olyslager Organisation, InEarthmoving Vehicle@.ondon: Frederick Warne & Co., Ltd.,
1972); Harold F. Williamson and Kenneth H. Myddgsigned for Digging: The First 75 Years of
Bucyrus Erie CompanfEvanston, IL: Northwestern University Press, 198hd J. L. AllhandsTools

of the Earthmove(Huntsville, TX: Sam Houston College Press, 1951).

3. Interestingly, the high success rate was only aysbiine industry’s twenty-five largest firms. Only
one of the seven smallest steam shovel manufastsvevived this sustaining technology change to
internal gasoline combustion. Almost no informatismvailable about these companies other than
what is provided by their product brochures. | asphowever, that the fact that the large and mid-
sized firms cruised through this transition whie small ones were killed indicates that resources
played a part in the story, a conclusion that cemgints the theoretical perspectives summarized in
chapter 2 above. Some sustaining technologieslgled so expensive to develop and implement or so
dependent on proprietary or scarce expertise tmésompanies simply cannot successfully manage
the transition. | am indebted to Professor RiciRowdenbloom for sharing his perspective on thiseissu
4. An example of this is the development of the fthsigline, by Page, a Chicago area contractor. Page
dug Chicago’s system of canals, and invented thglithe in 1903 to do that job more effectively. Pag
draglines were later used extensively in diggirgPanama Canal, alongside steam shovels made by
Bucyrus Erie and Marion. This finding that customesere significant sources of sustaining
innovations is consistent with Professor Eric vapgel's findings; se@he Sources of Innovation

(New York: Oxford University Press, 1988).

5. The companies that survived the invasion of hyldraun this way found safe haven in a particular
high-end market. Bucyrus Erie and Marion, for exlenpecame the dominant makers of the huge
stripping shovels used in strip mines. Marion’s eld@B60 stripping shovel was the largest frontward-
scooping shovel ever built, able to heft 180 cylaids in its bucket. (An advertisement showing Paul
Bunyan standing aside the 6360 is one of the ntoshig pieces of advertising art | have seen.)
Harnischfeger is the world’s largest maker of eleghining shovels, while Unit found a niche making
the huge pedestal cranes used on offshore oilFmsa time, Northwest survived by making draglines
for dredging ocean shipping lanes. P & H and Loraade huge cranes and draglines (all cable-
actuated).

6. As the hydraulic excavator has matured, these aoiep have met with varying degrees of
subsequent success. In 1996, the world’s highdathaexcavator companies, Demag and O & K,
were based in Germany.

7. Technically, excavators that scoop their bucketwérd are poweshovelsThis was the dominant
design from 1837 through the early 1900s, and gtexias a major market segment through much of
this century. Excavators that pull earth backwamdard the cab adeackhoesAs the hydraulic
excavator became the dominant design during thesl ®6th types came to be called excavators. Until
hydraulic actuation required the booms to be peanty attached to the unit, contractors could &ttac
different booms or arms to their basic power usitshat the same unit could work as a shovel,
backhoe, or crane. Similarly, different bucketsnetimes calledlippers,could be attached to move
different types of material.

8. The true measure of performance in excavationta@asumber of cubic yards of earth that could be
moved per minute. This measure was so dependentapmErator skill and upon the type of earth being
dug, however, that contractors adopted bucketaszbe more robust, verifiable met®c.These

British and American pioneers were followed by sal’/&uropean manufacturers, each of which was
also an entrant to the excavator industry, inclgdtrance’s Poclain and Italy’s Bruneri Brothers.

10. The ability to push the shovel into the earth wasajor advantage to the hydraulics approach. The
cable-actuated excavators that pulled earth totver@perator all had to rely on gravity to drive th
teeth of the heavy shovel into the earth.

70



11. Makers of early hybrid ocean transports, whichenseam-powered but still outfitted with sails,
used the same rationale for their design as di@tlwyrus Erie engineers: Steam power still was not
reliable enough for the transoceanic market, sanstgower plants had to be backed up by
conventional technology. The advent of steam-poashaps and their substitution for wind-powered
ships in the transoceanic business is itself asdasudy of disruptive technology. When Robertéiul
sailed the first steamship up the Hudson River8hdl it underperformed transoceanic sailing ships o
nearly every dimension of performance: It cost npgemile to operate; it was slower; and it was
prone to frequent breakdowns. Hence, it could eaided in the transoceanic value network and could
only be applied in a different value network, irdamaterways, in which product performance was
measured very differently. In rivers and lakes,ab#ity to move against the wind or in the abseoice
a wind was the attribute most highly valued by staptains, and along that dimension, steam
outperformed sail. Some scholars (see, for exarRitdard Foster, ilnnovation: The Attacker’'s
AdvantaggdNew York: Summit Books, 1986]) have marveled etvimyopic were the makers of
sailing ships, who stayed with their aging techgglantil the bitter end, in the early 1900s, corntglle
ignoring steam power. Indeed, not a single makesading ships survived the industry’s transition t
steam power. The value network framework offeremspective on this problem that these scholars
seem to have ignored, however. It was not a prolieknowingabout steam power or of having
access to technology. The problem was that th@rests of the sailing ship manufacturers, who were
transoceanic shippers, could not use steam-povesipd until the turn of the century. To cultivate a
position in steamship building, the makers of sgikhips would have had to engineer a major stiateg
reorientation into the inland waterway market, huseathat was the only value network where steam-
powered vessels were valued throughout most of80€s. Hence, it was these firms’ reluctance or
inability to change strategy, rather than theibifity to change technology, that lay at the robtheir
failure in the face of steam-powered vessels.

12. An exception to this is an unusual product intietiby Koehring in 1957: the Skooper combined
cables and hydraulics to dig earth away from anfagvall; it did not dig down into the earth.
13.Bucyrus Erie does not fit easily into either ofgle groups. It introduced a large hydraulic excavat
in the 1950s, but subsequently withdrew it fromrierket. In the late 1960s, it acquired the
“Dynahoe” line of hydraulic loader-backhoes from-Bynamic Corporation and sold them as utility
machines to its general excavation customers adgatin, dropped this product line as well.

14. Caterpillar was a very late (but successful) entirato the hydraulic excavation equipment
industry, introducing its first model in 1972. Exedors were an extension of its line of dozers,
scrapers, and graders. Caterpillar never partegoat the excavation machine market when cable
actuation was the dominant design.
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CHAPTERFOUR

What Goes Up, Can’'t Go Down

It is clear from the histories of the disk drivedaexcavator industries that the boundaries of value
networks do not completely imprison the companigkiwthem: There is considerahipward
mobility into other networks. It is in restrainiggwnwardmobility into the markets enabled by
disruptive technologies that the value networkg@sge such unusual power. In this chapter we will
explore these questions: Why could leading comgamigrate so readily toward high-end markets,
and why does moving downmarket appear to have eelifficult? Rational managers, as we shall
see, can rarely build a cogent case for enterirajlspoorly defined low-end markets that offer only
lower profitability. In fact, the prospects for gvth and improved profitability in upmarket value
networks often appear to be so much more attrattieme the prospect of staying within ttherrent
value network, that it is not unusual to see wadlhaged companies leaving (or becoming
uncompetitive with) their original customers asytBearch for customers at higher price points. In
good companies, resources and energy coalesca@addly behind proposals to attack upmarket into
higher-performance products that can earn highegima

Indeed, the prospects for improving financial perfance by moving toward upmarket value networks
are so strong that one senses a huge magnetmottheast corner of the disk drive and excavator
trajectory maps. This chapter examines the powérisf'northeastern pull” by looking at evidence
from the history of the disk drive industry. It thgeneralizes this framework by exploring the same
phenomenon in the battle between minimill and irdegg steel makers.

THE GREAT NORTHEAST MIGRATION IN DISK DRIVES

Figure 4.1 plots in more detail the upmarket moveinoé Seagate Technology, whose strategy was
typical of most disk drive manufacturers. RecadittSeagate had spawned, and then grew to dominate,
the value network for desktop computing. Its pradasition relative to capacity demanded in its
market is mapped by vertical lines which span ftbmlowest- to the highest-capacity drives in its
product line, in each of the years shown. The bfackangle on the line measuring each year’s
capacity span shows the median capacity of thesli8eagate introduced in each of those years.

Figure 4.1Upmarket Migration of Seagate Products
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Year

Source:Data are from various issuesoik/Trend Report.

Between 1983 and 1985, the center of gravity ofy8tsas product line was positioned squarely on the
average capacity demanded in the desktop segmerasIbetween 1987 and 1989 that the disruptive
3.5-inch form invaded the desktop market from belSeagate responded to that attack, not by fighting
the disruptive technology head-on, but by retrgatipmarket. It continued to offer models in the
capacity ranges the desktop PC market demandetyiio3 the focus of its energy had clearly
shifted to the market for mid-range computers, sagfile servers and engineering workstations.

Indeed, disruptive technologies have such a detagtanpact because the firms that first
commercialized each generation of disruptive diske$ chosealotto remain contained within their
initial value network. Rather, they reached asufanarket as they could in each new product
generation, until their drives packed the capaatgppeal to the value networks above them. Hiss t
upward mobility that makes disruptive technologiesdangerous to established firms—and so
attractive to entrants.

VALUE NETWORKS AND CHARACTERISTIC COST STRUCTURES

What lies behind this asymmetric mobility? As wedalready seen, it is driven by resource allocatio
processes that direct resources toward new prguiapbsals that promise higher margins and larger
markets. These are almost always better in thdeast portions of trajectory maps (such as Figures
1.7and3.3) than in the southeast. The disk drive manufacsuregrated to the northeast corner of the
product-market map because the resource allocptmresses they employed took them there.

As we saw in chapter 2, a characteristic of eadheviaetwork is a particular cost structure thahér
within it must create if they are to provide thegucts and services in the priority their customers
demand. Thus, as the disk drive makers became dardjsuccessful within their “home” value
network, they developed a very specific economaratter: tuning their levels of effort and expenses
in research, development, sales, marketing, andnégtnation to the needs of their customers and the
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challenges of their competitors. Gross marginsedrid evolve in each value network to levels that
enabled the better disk drive makers to make magiegn these costs of doing business.

In turn, this gave these companies a very spetifidel for improving profitability. Generally, they
found it difficult to improve profitability by hackg out cost while steadfastly standing in their
mainstream market: The research, development, mmagk@nd administrative costs they were
incurring were all critical to remaining competgiin their mainstream business. Moving upmarket
toward higher-performance products that promisgtidri gross margins was usually a more
straightforward path to profit improvement. Movidgwnmarket was anathema to that objective.

The obviousness of the path toward profit improvenie shown in Figure 4.2. The three bars on the
left depict the size of the desktop, minicompuserd mainframe computer value networks in 1981 and
are labeled with the characteristic margins enjdyedisk drive makers in each of those networks.
Gross margins are clearly higher in higher-end e@rkcompensating manufacturers for the higher
levels of overhead characteristic of those buseess

The differences in the size of these markets aadhiaracteristic cost structures across these value
networks created serious asymmetries in the coarbahg these firms. Firms making 8-inch drives for
the minicomputer market, for example, had cosftcstines requiring gross margins of 40 percent.
Aggressively moving downmarket would have pittegnthagainst foes who had honed their cost
structures to make money at 25 percent gross n&r@im the other hand, moving upmarket enabled
them to take a relatively lower-cost structure iatmarket that was accustomed to giving its supplie
60 percent gross margins. Which direction madeeseAssimilar asymmetry faced the makers of 5.25-
inch drives in 1986, as they decided whether te@pkeir resources building a position in the
emerging market for 3.5-inch drives in portable paoiters or to move up toward the minicomputer and
mainframe companies.

Committing development resources to launch higleefepmance products that could garner higher
gross margins generally both offered greater retarmd caused less pain. As their managers were
making repeated decisions about which new prodextidpment proposals they should fund and
which they should shelve, proposals to developégierformance products targeted at the larger,
higher-margin markets immediately above them alvgotghe resources. In other words, sensible
resource allocation processes were at the roatrapanies’ upward mobility and downmarket
immobility across the boundaries of the value neksan the disk drive industry.

Figure 4.2Views Upmarket and Downmarket for Established iskre Manufacturers
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Source:Data are from various issuesiEk/Trend Reportorporate annual reports, and data provided
in personal interviews.
Note: Percentages above each bar indicate typical gnasgins in each value network.

The hedonic regression analysis summarized in en2pthowed that higher-end markets consistently
paid significantly higher prices for incrementalgabytes of capacity. Why would anyone opt to sell a
megabyte for less when it could be sold for moree€ disk drive companies’ migration to the northeast
was, as such, highly rational.

Other scholars have found evidence in other inthssthat as companies leave their disruptive roots
search of greater profitability in the market tial®ve them, they gradually come to acquire thé cos
structures required to compete in those upper mégks? This exacerbates their problem of
downward immobility.

RESOURCE ALLOCATION AND UPWARD MIGRATION

Further insight into this asymmetric mobility acsoglue networks comes from comparing two
different descriptive models of how resources #iceated. The first model describes resource
allocation as a rational, top-down decision-makpngcess in which senior managers weigh alternative
proposals for investment in innovation and put nyoné& those projects that they find to be consiste
with firm strategy and to offer the highest retominvestment. Proposals that don’t clear thesdlésir
are killed.

The second model of resource allocation, firstaftited by Joseph Bowégharacterizes resource
allocation decisions much differently. Bower natiest most proposals to innovate are generated from
deep within the organization not from the top. Asge ideas bubble up from the bottom, the
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organization’s middle managers play a criticalibutsible role in screening these projects. These
managers can’t package and throw their weight lokévery idea that passes by; they need to decide
which are the best, which are most likely to sud¢c@ad which are most likely to be approved, given
the corporate financial, competitive, and strategjinate.

In most organizations, managers’ careers recebig boost when they play a key sponsorship role in
very successful projects—and their careers carebmanently derailed if they have the bad judgment
or misfortune to back projects that fail. Middle magers aren’t penalized faH failures, of course.
Projects that fail because the technologists couttdtiver, for example, often are not (necessarily
regarded as failures at all, because a lot is égbftom the effort and because technology developme
is generally regarded as an unpredictable, prakabiendeavor. But projects that fail because the
marketwasn’t there have far more serious implicationsi@nagers’ careers. These tend to be much
more expensive and public failures. They genexatlyur after the company has made full investments
in product design, manufacturing, engineering, ratnk), and distribution. Hence, middle managers—
acting in both their own and the company’s interegind to back those projects for which market
demand seems most assured. They then work to pathagroposals for their chosen projects in ways
geared to win senior management approval. As sulcite senior managers mayink they’re making

the resource allocation decisions, many of thdyreaitical resource allocation decisions have atiju
been made long before senior management gets endMiddle managers have made their decisions
about which projects they’ll back and carry to semhanagement—and which they will allow to
languish.

Consider the implications of this for a succes8fat’'s downward and upward mobility from its initia
value network in this hypothetical example. In fagne week, two respected employees, one from
marketing, the other from engineering, run two wéifferent ideas for new products past their
common manager two levels above them in the orgéniz The marketer comes first, with an idea for
a higher-capacity, higher-speed model. The twoleup manager starts her interrogation:

“Who’s going to buy it?”

“Well, there’s a whole segment in the workstatindustry—they buy over $600 million in drives each
year—that we’ve just never been able to reach Iscaur capacity points just don’t reach that high.
think this product just might get us there.”

“Have you run this idea past any potential cust@der

“Yeah, | was in California last week. They all séey wanted prototypes as soon as they could get
them. There’s a design window opening up in ninetim®. They’ve been working with their current
supplier [competitor X] to get something ready, sotmeone we just hired from competitor X said
they’re having lots of trouble meeting the speagally think we can do it.”

“But doesengineeringhink we can do it?”

“They say it'll be a stretch, but you know them.eyralways say that.”

“What kind of margins are we looking at up there?”

“That’s what really excites me about this. If wendauild it in our current factory, given the priger
megabyte competitor X has been getting, | thinkcae get close to 35 percent.”
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Compare that conversation to the manager’s integdavith the engineer whose idea is for a cheaper,
smaller, slower, lower-capacity disruptive diskveri

“Who's going to buy it?”

“Well, I'm not sure, but there’gotto be a market out thesemewherdor it. People are always
wanting things smaller and less expensive. | ceglelthem using it in fax machines, printers, mdybe.

“Have you run this idea past any potential cust@?er

“Yeah, when | was at the last trade show | sket¢heddea out for one of our current customers. He
said he was interested, but couldn’t see how teydareally use it. Today you really need 270 MB to
run everything, and there’s just no way we couldtigat kind of capacity on this thing—at least foot

a while. His response doesn’t surprise me, really.”

“How about the guys who make fax machines? Whahdg think?”

“Well, they say they don’t know. Again, it's an figuing idea, but they already have their product
plans pretty well set, and none of them use diskedr”

“You think we could make money on this project?”
“Well, |1 think so, but that depends on how we copitite it, of course.”

Which of the two projects will the two-levels-up naayer back? In the tug-of-war for development
resources, projects targeted at the explicit neédarrent customers or at the needs of existirgus
that a supplier has not yet been able to reachaithyswin over proposals to develop products for
markets that do not exist. This is because, in faetbest resource allocation systems are designed
precisely to weed out ideas that are unlikely nal fiarge, profitable, receptive markets. Any compan
thatdoesn’thsave a systematic way of targeting its developmesaurces toward customers’ needs, in
fact, will fail.

The most vexing managerial aspect of this probléaspmmetry, where the easiest path to growth and
profit is up, and the most deadly attacks come foahow, is that “good” management—working
harder and smarter and being more visionary—dossive the problem. The resource allocation
process involves thousands of decisions, someesabt some explicit, made every day by hundreds
of people, about how their time and the companys@y ought to be spent. Even when a senior
manager decides to pursue a disruptive technotbgypeople in the organization are likely to ignibre
or, at best, cooperate reluctantly if it doesrt’tHeir model of what it takes to succeed as an
organization and as individuals within an organ@atWell-run companies are not populated by yes-
people who have been taught to carry out mindldsgl\irectives of management. Rather, their
employees have been trained to understand whabis f@r the company and what it takes to build a
successful career within the company. Employeegeaxdt companies exercise initiative to serve
customers and meet budgeted sales and profissvétry difficult for a manager to motivate compéten
people to energetically and persistently pursueusise of action that they think makes no sense. An
example from the history of the disk drive industiystrates the impact of such employee behavior.

THE CASE OF THE 1.8-INCH DISK DRIVE
e



Managers in disk drive companies were very generohslping me conduct the research reported in
this book, and, as the results began emerging92,l1%egan feeding back the published papers that
summarized what | was learning. | was particulartgrested in whether the framework summarized in
Figure 1.7 would have an impact on their decisi@gsrding the 1.8-inch drive, which was just then
emerging as the industry’s most recent disruptehmology. For industry outsiders, of course, the
conclusion was obvious: “How many times does tlgehto happen before these guys learn?! Of
course they’'ve got to do it.” The guys did, in fdetarn. By the end of 1993, each of the leadirgedr
makers had developed 1.8-inch models and had teadyifor introduction if and when the market
developed.

In August 1994, | was visiting the CEO of one of targest disk drive companies and asked him what
his firm was doing about the 1.8-inch drive. THeaely touched a hot button. He pointed to a simelf
his office where a sample 1.8-inch drive was peichéou see that?” he demanded. “That’s fiwerth
generationof 1.8-inch drives we’ve developed—each one withrercapacity than the last. But we
haven't sold any. We want to be ready when the staskthere, but there just isn’t a market for them
yet.”

| countered by reminding him thBisk/Trend Reporta highly regarded market research publication
that was the source of much of the data used istogy, had measured the 1993 market at $40
million, was projecting 1994 sales to be $80 miilliand forecast 1995 volume at $140 million.

“I know that’s what they think,” he responded. “Bbey’re wrong. There isn’'t a market. We’'ve had
that drive in our catalog for 18 months. Everyonews we’ve got it, but nobody wants it. The market
just isn’t there. We just got way ahead of the reaaifld had no other basis for pressing my pointwit
this manager, who is one of the most astute masdgerever met. Our conversation moved to other
issues.

About a month later | was leading a case discugsitime Harvard MBA program’s technology and
operations management course about the develomhantew engine at Honda. One of the students in
the class had previously worked in Honda’s reseanthdevelopment organization, so | asked him to
take a few minutes to tell the class what it wiks Working there. It turned out that he had been
working on dashboard mapping and navigation systeowmuldn’t resist interrupting his talk by asking
“How do you store all that data for the maps?”

Said the student: “We found a little 1.8-inch dikkve and put it in there. It's really neat—almast
solid-state device, with very few moving parts. Reaugged.”

“Who do you buy them from?” | pressed.

“It's kind of funny,” he replied. “You can’t buy #m from any of the big disk drive companies. We get
them from a little startup company somewhere ino@ao—I can’'t remember the name.”

| have since reflected on why the head of this aamgpwvould insist so stubbornly that there was no
market for 1.8-inch drives, even while there was| why my student would say the big drive makers
didn’'t sell these drives, even though they werenggyThe answer lies in the northeast-southeast
problem, and in the role that the hundreds of wallhed decision makers in a good company play in
funneling resources and energy into those projeetg perceive will bring the company the greatest
growth and profit. The CEO had decided that thegamy was going to catch this next disruptive wave
early and had shepherded the project through tm@essful, economical design. But among the
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employees, there was nothing about an $80 millmm;end market that solved the growth and profit
problems of a multibillion dollar company—espegialthen capable competitors were doing all they
could to steal away the customers providing thadiers. (The revenue figure is disguised.) And way
at the other end of the company, there was nothirayit supplying prototype quantities of 1.8-inch
drives to an automaker that solved the problemexdting the 1994 quotas of salespeople whose
contacts and expertise were based so solidly iedhguter industry.

For an organization to accomplish a task as comgdaunching a new product, logic, energy, and
impetus must all coalesce behind the effort. Heitée nhot just thecustomer®f an established firm
that hold it captive to their needs. Establishethdiare also captive to the financial structure and
organizational culture inherent in the value netiarwhich they compete—a captivity that can block
any rationale for timely investment in the next wa{f disruptive technology.

VALUE NETWORKS AND MARKET VISIBILITY

The impetus to drift upmarket can be particuladyvprful when a firm’s customers themselves are
migrating upmarket. In such circumstances, suppbéan intermediate component such as a disk
drive may not sense their northeasterly migratiecalnse they are embedded among competitors and
customers experiencing a similar drift.

In this light, we can see how easy it would havernber the leading 8-inch disk drive makers—Priam,
Quantum, and Shugart—to miss the 5.25-inch gemerafi drives. Not a single one of their core
customers, for example, Digital Equipment, Primenpater, Data General, Wang Laboratories, and
Nixdorf, successfully introduced a desktop computestead, each was moving upmarikse!f toward
ever higher performance segments of their markgisg to win the business of customers who
historically had used mainframes. Similarly, nairegle one of the customers of the 14-inch drive
makers—mainframe makers such as Univac, Burrolg@®, ICL, Siemens, and Amdahl—ever made
a bold enough move downmarket into minicomputetssimome a significant player there.

Three factors—the promise of upmarket marginssthmiltaneous upmarket movement of many of a
company’s customers, and the difficulty of cuttousts to move downmarket profitably—together
create powerful barriers to downward mobility. e tinternal debates about resource allocation for
new product development, therefore, proposals teysudisruptive technologies generally lose out to
proposals to move upmarket. In fact, cultivatingyatematic approach to weeding out new product
development initiatives that would likely lower fite is one of the most important achievements of
any well-managed company.

An important strategic implication of this ratiorgttern of upmarket movement is that it can create
vacuum in low-end value networks that draws inamts with technologies and cost structures better
suited to competition. One of these powerful dowrkegavoids occurred in the steel industry, for
example, when entrant companies employing disraptiinimill process technology entered through
low-end beachheads; they have attacked relentlapsharket ever since.

THE NORTHEASTERLY MIGRATION OF INTEGRATED STEEL
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Minimill steel making first became commercially bla in the mid-1960s. Employing widely available
and familiar technology and equipment, minimillslnserap steel in electric arc furnaces, continlyous
cast it into intermediate shapes called billets|, #en roll those into products such as bars, rods,
beams, or sheets. They are cali@dimills because the scale at which they produce cost-ddimpe
molten steel from scrap is less than one-tenthefttale required for an integrated mill to produce
cost-competitive molten steel from iron ore in blasd basic oxygen furnaces. (Integrated mills take
their name from the integrated process of trangfugriton ore, coal, and limestone into final steel
shapes.) Integrated mills and minimills look mulce same in their processes of continuous castidg an
rolling operations. Scale is the only differencaeToutput of efficiently sized blast furnaces reesii

that integrated mills’ casting and rolling operasanust be much greater than those of the minimills

North America’s steel minimills are the most eféiot, lowest-cost steel makers in the world. In 1995
the most efficient minimill required 0.6 labor-heuer ton of steel produced; the best integratéid mi
required 2.3 labor-hours. In the product categaneshich they compete, the average minimill can
make product of equivalent quality, on a fully @akbasis, at about a 15 percent lower cost than the
average integrated mill. In 1995, it cost about@#dllion to build a cost-competitive steel miniimil
and about $6 billion to build a cost-competitivéegrated millt In terms of capital cost per ton of steel
making capacity, integrated mills are more tharr fones as costly to buillAs a result, minimills’
share of the North American market has grown fratmimg in 1965 to 19 percent in 1975, 32 percent
in 1985, and 40 percent in 1995. Experts predey thill account for half of all steel production the
turn of the centur$.Minimills virtually dominate the North American meets for rods, bars, and
structural beams.

Yet not a single one of the world’s major integdaséeel companies to date has built a mill emplgyin
minimill technology. Why would none of them do sdhirag that makes so much sense? The
explanation forwarded most frequently by the bussneress, especially in the United States, istkieat
managers of the integrated companies are conseryaackward-looking, risk-averse, and
incompetent. Consider these indictments.

Last year, U.S. Steel Corp. closed fifteen ofatslities, claiming they had become “noncompetitive
Three years ago, Bethlehem Steel Corp. shuttergal partions of its plants in Johnstown, PA, and
Lackawanna, NY. . . . The closing of these majeelstomplexes is the final dramatic concession from
today’s chief executives that management has rest deing its job. It represents decades of
maximizing profits to look good for the short tefm.

If the U.S. steel industry were as productive imstper man-hour as it is in rhetoric per probldm, i
would be a top-notch performér.

Surely there is some credibility to such accusati®ut managerial incompetence cannot be a
complete answer for the failure of North Americategrated mills to counter the conquest by
minimills of vast portions of the steel industNoneof what most experts regard as the best-managed
and most successful of the world’s integrated steskers—including Nippon, Kawasaki, and NKK in
Japan; British Steel and Hoogovens in Europe; afihRy Steel in Korea—has invested in minimill
technology even though it is demonstrably the ldwest technology in the world.

At the same time, in the last decade the managete@mis at integrated mills have taken aggressive
steps to increase mill efficiency. USX, for exampheproved the efficiency of its steel making
operations from more than nine labor-hours pemfasteel produced in 1980 to just under three hours
per ton in 1991. It accomplished this by ferocigustacking the size of its workforce, paring arfr
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more than 93,000 in 1980 to fewer than 23,000 Bil18@nd by investing more than $2 billion in
modernizing its plant and equipment. Yet all othmanagerial aggressiveness was targeted at
conventional ways of making steel. How can this be?

Minimill steelmaking is a disruptive technology. @fhit emerged in the 1960s, because it used scrap
steel, it produced steel of marginal quality. Theperties of its products varied according to the
metallurgical composition and impurities of theagtrHence, about the only market that minimill
producers could address was that for steel reimfgrdgars (rebars)—right at the bottom of the market
in terms of quality, cost, and margins. This maskas the least attractive of those served by
established steel makers. And not only were maiginsbut customers were the least loyal: They
would switch suppliers at will, dealing with whoew#fered the lowest price. The integrated steel
makers were almost relieved to be rid of the réominess.

The minimills, however, saw the rebar market qdifeerently. They had very different cost structsire
than those of the integrated mills: little depréommand no research and development costs, o sal
expenses (mostly telephone bills), and minimal gdmaanagerial overhead. They could sell by
telephone virtually all the steel they could makeid-gell it profitably.

Once they had established themselves in the rehdeet) the most aggressive minimills, especially
Nucor and Chaparral, developed a very differentoéthe overall steel market than the view that th
integrated mills held. Whereas the downmarket rédraitory they seized had looked singularly
unattractive to their integrated competitors, theimills’ view upmarketshowed that opportunities for
greater profits and expanded sales were all ablwra.tWith such incentive, they worked to improve
the metallurgical quality and consistency of thewducts and invested in equipment to make larger
shapes.

As the trajectory map in Figure 4.3 indicates,rthirimills next attacked the markets for larger bars
rods, and angle irons immediately above them. BB01¢hey had captured 90 percent of the rebar
market and held about 30 percent of the marketbdws, rods, and angle irons. At the time of the
minimills’ attack, the bar, rod, and angle iron gés brought the lowest margins in the integratd$’'mi
product lines. As a consequence, the integrated istekers were, again, almost relieved to be rid of
the business, and by the mid-1980s this markenigeld to the minimills.

Figure 4.3The Progress of Disruptive Minimill Steel Technojog
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Once their position in the market for bars, roa& angle irons seemed secure, the minimills coatinu
their march upmarket, this time toward structuedins. Nucor did so from a new minimill plant in
Arkansas, and Chaparral launched its attack frarevamill adjacent to its first one in Texas. The
integrated mills were driven from this market bg thinimills as well. In 1992, USX closed its South
Chicago structural steel mill, leaving Bethlehenttasonly integrated North American structural ktee
maker. Bethlehem closed its last structural beamtph 1995, leaving the field to the minimills.

An important part of this story is that, throughthg 1980s, as they were ceding the bar and beam
business to the minimills, the integrated steel enslexperienced dramatically improving profit. Not
only were these firms attacking cost, they weredking their lowest-margin products and focusing
increasingly on high-quality rolled sheet steelevehquality-sensitive manufacturers of cans, @ard,
appliances paid premium prices for metallurgicatiynsistent steel with defect-free surfaces. Indeed,
the lion’s share of integrated mills’ investmentghe 1980s had been targeted at improving their
ability to provide the most demanding customerhéese three markets with the highest-quality
product and to do so profitably. Sheet steel marketre an attractive haven for the integrated
producers in part because they were protected finonimill competition. It cost about $2 billion to
build a state-of-the-art, cost-competitive sheeglstolling mill, and this capital outlay simplydaeen
too much for even the largest of the minimills.

Targeting the premium end of the market pleasedhtiegrated mills’ investors: For example,
Bethlehem Steel’'s market value had leapt from $hilbon in 1986 to $2.4 billion in 1989. This
represented a very attractive return on the $1li8the company invested in R&D and plant and
equipment during this period. The business pressrgesly acknowledged these aggressive, well-
placed investments.

Walter Williams (Bethlehem’s CEO) has worked worsdé@ver the past three years he mounted a
highly personal campaign to improve the quality prmbluctivity of Bethlehem’s basic steel business.
Bethlehem’s metamorphosis has outclassed everajt td.S. competitors—which as a whole are
now producing at lower costs than their Japanesdsrand are fast closing the quality gap. Custsmer
notice the differencélt’s nothing short of miraculous,” says a top puraser of sheet steat

Campbell Soup. [ltalics added.]
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Another analyst made similar observations.

While almost no one was looking, a near miraclauoed: Big Steel is making a quiet comeback. Gary
Works (US Steel) is back in the black . . . pourug a glowing river of molten iron at the rate3of
million tons per year—a North American record. Unimanagement problem-solving teams are
everywhere. Instead of making steel in all shapelssizesGary has focused almost entirely on
higher-value flat-rolled stee[ltalics added?

Almost all of us would agree that these remarkadteveries were the fruits of good management. But
where will good management in tlgenrelead these firms?

MINIMILL THIN-SLAB CASTING FOR SHEET STEEL

While integrated steel makers were busy enginedhielg recoveries, more disruptive clouds began
gathering on the horizon. In 1987, a German suppfiequipment for the steel industry, Schloemann-
Siemag AG, announced that it had developed witailgd “continuous thin-slab casting”
technology—a way for steel to be continuously éash its molten state into long, thin slabs that
could be transported directly, without coolinggitt rolling mill. Rolling the white-hot, alreadyith
slab of steel to the final thickness of coiled sisteel was much simpler than the traditional task
mastered by the integrated mills of reheating atithg sheet from thick ingots or slabs. Most
important, a cost-competitive continuous thin-gtabting and rolling mill could be built for lessath
$250 million—one-tenth the capital cost of a tramtial sheet mill and a relatively manageable
investment for a minimill steel maker. At this s&ahn electric arc furnace could easily supply the
required quantity of molten steel. Moreover, thi@bscasting promised at least a 20 percent reductio
in the total cost of making sheet steel.

Because of its promise, thin-slab casting was allyedvaluated by every major player in the steel
industry. Some integrated mills, such as USX, wdrkery hard to justify installation of a thin-slab
facility.** In the end, however, it was minimill Nucor Staakher than the integrated mills, that made
the bold move into thin-slab casting. Why?

At the outset, thin-slab casting technology cowdtlaffer the smooth, defect-free surface finish
required by the integrated mills’ mainstream custsr(makers of cans, cars, and appliances). The
only markets were those such as construction dga&ma corrugated steel for culverts, pipes, and
Quonset huts, in which users were more sensitiygite than to surface blemishes. Thin-slab casting
was a disruptive technology. Furthermore, largpabée, and hungry integrated competitors were busy
trying to rob each other’s most profitable businegh the large auto, appliance, and can compatties.
made no sense for them to target capital investadethin-slab casting, positioned as it was in the
least-profitable, most price-competitive and comityslike end of their business. Indeed, after
seriously considering between 1987 and 1988 whéthiavest in thin-slab casting at an amount then
projected to be about $150 million, both Bethleleerd USX elected instead to invest in conventional
thick-slab continuous casters at a cost of $250anito protect and enhance the profitability of th
business with their mainstream customers.

Not surprisingly, Nucor saw the situation anothaywJnencumbered by the demands of profitable
customers in the sheet steel business and begdfitim a cost structure forged at the bottom of the
industry, Nucor fired up the world’s first continuethin-slab casting facility in Crawfordsville,

83



Indiana, in 1989, and constructed a second mHigkman, Arkansas, in 1992. It increased its cdpaci
at both sites by 80 percent in 1995. Analysts esdtnthat Nucor had captured 7 percent of the massiv
North American sheet market by 1996—hardly enowgtoncern the integrated mills, because
Nucor’s success has been limited to the commoditieast-profitable end of their product line. Of
course, in its effort to win higher-margin businesth higher-quality products from these mills, uc
has already improved the surface quality of iteskeeel substantially.

Thus, the integrated steel companies’ march t@tbitable northeast corner of the steel indusiryt i
story of aggressive investment, rational decisi@kimg, close attention to the needs of mainstream
customers, and record profits. It is the same iatans dilemma that confounded the leading proader
of disk drives and mechanical excavators: Soundagwal decisions are at the very root of their
impending fall from industry leadership.

NOTES

1. This process of moving to higher tiers of the neddknd then adding the costs to support business at
that level was described by Professor Malcom P. McMf the Harvard Business School, in a way
that strikingly parallels the disk drive story. \fifig in a history of retailing, McNair describeswo
successive waves of retailers entered the field digruptive technologies (though he does not luse t
term):

The wheel always revolves, sometimes slowly, samegimore rapidly, but it does not stand
still. The cycle frequently begins with the boldaneoncept, the innovation. Somebody gets a
bright new idea. There is a John Wanamaker, a @ddagtford (A&P), a Frank Woolworth, a
W. T. Grant, a General Wood (Sears), a Michaelgbulsupermarkets), a Eugene Ferkauf.
Such an innovator has an idea for a new kind dfibigive enterprise. At the outset he is in bad
odor, ridiculed, scorned, condemned as “illegitieiaBankers and investors are leery of him.
But he attracts the public on the basis of theepajgpeal made possible by the low operating
costs inherent in his innovation. As he goes alomgyades up, improves the quality of his
merchandise, improves the appearance and standimg store, attains greater respectability. . .

During this process of growth the institution rdpidecomes respectable in the eyes of both
consumers and investors, but at the same timajiisat investment increases and its operating
costs tend to rise. Then the institution enterssthge of maturity. . . . The maturity phase soon
tends to be followed by topheaviness . . . and texarulnerability. Vulnerability to what?
Vulnerability to the next fellow who has a brigbera and who starts his business on a low-cost
basis, slipping in under the umbrella that theloid-institutions have hoisted.

See Malcom P. McNair, “Significant Trends and Depehents in the Post-War Period,” in Albert B.
Smith, ed.Competitive Distribution in a Free High-Level Ecomp and Its Implications for the
University (Pittsburgh: University of Pittsburgh Press, 1958}18. In other words, the very costs
required to become competitive in higher-end markestrict downward mobility and create further
incentive to move upmarket.

2. Joseph Bowelylanaging the Resource Allocation Procéd®mewood, IL: Richard D. Irwin,
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1970).

3. The use of the tersystematidn this sentence is important, because most resallocation
systems work in a systematic way—whether the sysgdormal or informal. 1t will be shown later in
this book that a key to managers’ ability to confrdisruptive technology successfully is their il
to intervene and make resource allocation decigpensonally and persistently. Allocation systengs ar
designed to weed out just such proposals as digeuigichnologies. An excellent description of this
dilemma can be found in Roger Matrtin, “ChangingMiad of the Corporation,Harvard Business
ReviewNovember—December 1993, 81-94.

4. Because of slow growth in steel demand in marth@fworld’s markets, fewer large integrated steel
mills are being built in the 1990s. Those integiatells that are being built these days are in high
growth, rapidly developing countries such as KohMexico, and Brazil.

5. Professor Thomas Eagar of the Department of MaseHcience at the Massachusetts Institute of
Technology provided these estimates.

6. “The U.S. Steel Industry: An Historical Overvievizbldman Sachs U.S. Research Red#95.

7. “What Caused the DeclineBusiness Weelune 30, 1980, 74.

8. Donald B. Thompson, “Are Steel's Woes Just Shemat” Industry Weeki-ebruary 22, 1982, 31.
9. Gregory L. Miles, “Forging the New BethlehenBlsiness Weeldune 5, 1989, 108-110.

10. Seth Lubove and James R. Norman, “New Lease @y’lkbrbes,May 9, 1994, 87.

11.The experience of the team at U.S. Steel chargidewaluating continuous thin-slab casting
technology is chronicled in the Harvard Businedso®tteaching case “Continuous Casting
Investments at USX Corporation,” No. 697-020.
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Part Two

MANAGING DISRUPTIVE
TECHNOLOGICAL CHANGE

In the search for reasons why so many strong corepamthree very different industries stumbled or
failed, the research summarized in the precediagtens casts doubt on several conventional
explanations other researchers have offered. Ibiwdee case that the leading companies’ engineers
tended to get stuck in a particular technologi@bgigm or ignored innovations that were “not
invented here.” The cause of failure could notdlelg attributed to established firms’ inadequate
competence in new technological fields or theibihty to stay atop their industry’s “technological
mudslide.” Of course, these problems do afflict eamompanies. But as a general rule, the evidence is
very strong that as long as the new technologyrequired to address the needs of their customers,
established firms were able to muster the experxtesgtal, suppliers, energy, and rationale to igve
and implement the requisite technology both comipety and effectively. This has been true for
incremental as well as radical advances; for ptsjat consumed months as well as those lasting
more than a decade; in fast-paced disk drivei@rskower-paced mechanical excavator industry, and
in the process-intensive steel industry.

Probably the most important outcome of this attetmptefine the problem is that it ruled out poor
management as a root cause. Again, this is naytohat good and bad management aren’t key factors
affecting the fortunes of firms. But as a genexall@nation, the managers of the companies studied
here had a great track record in understandingmests’ future needs, identifying which technologies
could best address those needs, and in investidgvelop and implement them. It was only when
confronted with disruptive technology that theyddi There had, therefore, to be a reason why good
managers consistently made wrong decisions whet fath disruptive technological change.

The reason is th@ood management itselfas the root cause. Managers played the gameaidét w

was supposed to be played. The very decision-makidgesource-allocation processes that are key to
the success of established companies are the varggses that reject disruptive technologies:

listening carefully to customers; tracking compest actions carefully; and investing resources to
design and build higher-performance, higher-qualityducts that will yield greater profit. These are
the reasons why great firms stumbled or failed wdmrfronted with disruptive technological change.

Successful companiegnttheir resources to be focused on activities thdtess customers’ needs,
that promise higher profits, that are technolodyctgdasible, and that help them play in substantial
markets. Yet, to expect the processes that accemiilese thingalsoto do something like nurturing
disruptive technologies—to focus resources on @alsahat customers reject, that offer lower profit
that underperform existing technologies and cag balsold in insignificant markets—is akin to
flapping one’s arms with wings strapped to theranmattempt to fly. Such expectations involve
fighting some fundamental tendencies about the suagessful organizations work and about how
their performance is evaluated.
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Part Two of this book is built upon detailed cagel®es of a few companies that succeeded, and many
more that failed, when faced with disruptive tedbgaal change. Just as in our analogy to man’s
finally learning to fly when aviators ultimatelyo® to understand and either harness or accommodate
some fundamental laws of nature, these case stsii@es that those executives who succeeded tended
to manage by a very different set of rules thasehbat failed. There were, in fact, five fundarmaént
principles of organizational nature that manageithé successful firms consistently recognized and
harnessed. The firms that lost their battles wisihugbtive technologies chose to ignore or fightthe
These principles are:

1. Resource dependence: Customers effectivelyadht patterns of resource allocation in
well-run companies.

2. Small markets don'’t solve the growth needs @fdaompanies.

3. The ultimate uses or applications for disrupte&hnologies are unknowable in advance.
Failure is an intrinsic step toward success.

4. Organizations have capabilities that exist irthelently of the capabilities of the people who
work within them. Organizations’ capabilities resia their processes and their values—and
the very processes and values that constitute ¢begrcapabilities within the current business
model also define their disabilities when confraimeath disruption.

5. Technology supply may not equal market demahd. aftributes that make disruptive
technologies unattractive in established markeenadre the very ones that constitute their
greatest value in emerging markets.

How did the successful managers harness thesegleisito their advantage?

1. They embedded projects to develop and commeeidisruptive technologies within an
organization whose customers needed them. Whengaenaligned a disruptive innovation
with the “right” customers, customer demand inceglathe probability that the innovation
would get the resources it needed.

2. They placed projects to develop disruptive tebdbgies in organizations small enough to get
excited about small opportunities and small wins.

3. They planned to fail early amtkexpensivelyn the search for the market for a disruptive
technology. They found that their markets generadglesced through an iterative process of
trial, learning, and trial again.

4. They utilized some of thesourcef the mainstream organization to address the plisno,
but they were carefulotto leverage its processes and values. They crdéfedent ways of
working within an organization whose values and strsicture were turned to the disruptive
task at hand.

5. When commercializing disruptive technologiegytfound or developed nemvarketsthat
valued the attributes of the disruptive produdcsher than search for a technological
breakthrough so that the disruptive product coolmpgete as a sustaining technology in
mainstream markets.

Chapters 5 through 9 in Part Two describe in metaibthow managers can address and harness these
four principles. Each chapter starts by examiniog harnessing or ignoring these principles affected
the fortunes of disk drive companies when disruptachnologies were emergih§ach chapter then
branches into an industry with very different cledeaistics, to show how the same principles drine t
success and failure of firms confronted with disiegotechnologies there.
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The sum of these studies is that while disrup@ahnology can change the dynamics of industriels wit
widely varying characteristics, the drivers of ssegor failure when confronted by such technolagy a
consistent across industries.

Chapter 1G6hows how these principles can be used by illtisgdow managers might apply them in a
case study of a particularly vexing technology—ehextric vehicleChapter 1then reviews the
principal findings of the book.

NOTES

1. The notion that we exercise power most effettivden we understand the physical and
psychological laws that define the way the worldkgoand then position or align ourselves in
harmony with those laws, is of course not new is ltlook. At a light-hearted level, Stanford
Professor Robert Burgelman, whose work is extehsiited in ths book, once dropped his pen
onto the floor in a lecture. He muttered as hestddo pick it up, “I hate gravity.” Then, as he
walked to the blackboard to continue his line afught, he added, “But do you know what?
Gravity doesn’t care! It will always pull thingswa, and | may as well plan on it.”

At a more serious level, the desirability of aliggniour actions with the amore powerful laws of natu

society, and psychology, in order to lead a prastadife, is a central theme in many works,
particularly the ancient Chinese clasSiap te Ching.
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CHAPTERFIVE

Give Responsibility for
Disruptive Technologies to
Organizations Whose
Customers Need Them

Most executives would like to believe that theyirecharge of their organizations, that they malkee th
crucial decisions and that when they decide thatesbing should be done everyone snaps to and
executes. This chapter expands on the view alredishduced: that in practice, it is a company’s
customersvho effectively control what it can and cannot Ae.we have seen in the disk drive
industry, companies were willing to bet enormou®ants on technologically risky projects when it
was clear that their customers needed the resyitiogucts. But they were unable to muster the
wherewithal to execute much simpler disruptive @ctg if existing, profitable customers didn’t need
the products.

This observation supports a somewhat controveiséalry calledesource dependenceropounded by
a minority of management scholarshich posits that companies’ freedom of actiofnisted to
satisfying the needs of those entities outsiddithre(customers and investors, primarily) that gitve

the resources it needs to survive. Drawing heaiplgn concepts from biological evolution, resource
dependence theorists assert that organizationswvilive and prosper only if their staffs and syste
serve the needs of customers and investors bygngvihem with the products, services, and profit
they require. Organizations that do not will ultbels die off, starved of the revenues they need to
surviveZ Hence, through this survival-of-the-fittest mecisam those firms that rise to prominence in
their industries generally will be those whose pe@nd processes are most keenly tuned to giving
their customers what they want. The controversy wits theory arises when its proponents conclude
that managers ampwerlesdo change the courses of their firms against tbetds of their customers.
Even if a manager has a bold vision to take héiscompany in a very different direction, the powe
of the customer-focused people and processes in@npany well-adapted to survival in its
competitive environment will reject the manageti®mpts to change direction. Therefore, because
they provide the resources upon which the firmegahdent, it is the customers, rather than the
managers, who really determine what a firm will das forces outside the organization, rather than
the managers within it, that dictate the companpisrse. Resource dependence theorists conclude that
the real role of managers in companies whose peosulesystems are well-adapted to survival is,
therefore, only a symbolic one.

For those of us who have managed companies, ceddoit management, or taught future managers,
this is a most disquieting thought. We are themmémage, to make a difference, to formulate and
implement strategy, to accelerate growth and impmofits. Resource dependence violates our very
reason for being. Nonetheless, the findings regarteéhis book provide rather stunning supporttfer
theory of resource dependence—especially for thiemthat the customer-focused resource allocation
and decision-making processes of successful corepane far more powerful in directing investments
than are executives’ decisions.

Clearly, customers wield enormous power in dirgeairfirm’s investments. What, then, should
managers do when faced with a disruptive technolbgithe company’s customers explicitly do not
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want? One option is to convince everyone in tha finat the company should pursue it anyway, that it
has long-term strategic importance despite rejpdiipthe customers who pay the bills and despite
lower profitability than the upmarket alternativé$ie other option would be to create an independent
organization and embed it among emerging custothatsglo need the technology. Which works best?

Managers who choose the first option essentialyparking a fight with a powerful tendency of
organizational nature—that customers, not managssgntially control the investment patterns of a
company. By contrast, managers who choose the dexaion align themselves with this tendency,
harnessing rather than fighting its power. The sg@gsesented in this chapter provide strong evidence
that the second option offers far higher probabgibf success than the first.

INNOVATION AND RESOURCE ALLOCATION

The mechanism through which customers controlriliestments of a firm is the resource allocation
process—the process that determines which inigatget staff and money and which don’t. Resource
allocation and innovation are two sides of the saagie: Only those new product development projects
that do get adequate funding, staffing, and manageattention have a chance to succeed; those that
are starved of resources will languish. Hencepttterns of innovation in a company will mirror g
closely the patterns in which resources are aldutat

Good resource allocation processes are designeddd out proposals that customers don’t want.
When these decision-making processes work wallystomers don’t want a product, it won’t get
funded; if they do want it, it will. This is howitilgs mustwork in great companies. Theyustinvest in
things customers want—and the better they becordeiag) this, the more successful they will be.

As we saw in chapter 4, resource allocation issimaply a matter of top-down decision making
followed by implementation. Typically, senior maeagare asked to decide whether to fund a project
only after many others at lower levels in the oigation have already decided which types of project
proposals they want to package and send on torsemioagement for approval and which they don’t
think are worth the effort. Senior managers typycsée only a well-screened subset of the innoeativ
ideas generated.

And even after senior management has endorsednyificli a particular project, it is rarely a “done
deal.” Many crucial resource allocation decisioresrmade after project approval—indeed, after
product launch—by mid-level managers who set gresiwhen multiple projects and products
compete for the time of the same people, equipnagatvendors. As management scholar Chester
Barnard has noted:

From the point of view of the relative importandespecific decisions, those of executives properly
call for first attention. But from the point of wieof aggregate importance, it is not decisions of
executives, but afion-executive participania organizations which should enlist major intéres
[Italics added ]

So how do non-executive participants méiar resource allocation decisions? They decide which
projects they will propose to senior managementvamdh they will give priority to, based upon their
understanding of what types of customers and ptsdare most profitable to the company. Tightly
coupled with this is their view of how their sporsgup of different proposals will affect their own
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career trajectories within the company, a view th&érmed heavily by their understanding of what
customers want and what types of products the coynpeeds to sell more of in order to be more
profitable. Individuals’ career trajectories camiswhen they sponsor highly profitable innovation
programs. It is through these mechanisms of sealangprate profit and personal success, therefore,
that customers exert a profound influence on tlbegss of resource allocation, and hence on the
patterns of innovation, in most companies.

SUCCESS IN DISRUPTIVE DISK DRIVE TECHNOLOGY

It is possible to break out of this system of cagto control, however. Three cases in the histothef
disk drive industry demonstrate how managers caeldp strong market positions in a disruptive
technology. In two cases, managers harnessedr thtirefought, the forces of resource dependence:
They spun out independent companies to commereitiiz disruptive technology. In the third, the
manager chose to fight these forces, and survivegroject, exhausted.

Quantum and Plus Development

As we have seen, Quantum Corporation, a leadingenak8-inch drives sold in the minicomputer
market in the early 1980s, completely missed theeadof 5.25-inch drives: It introduced its first
versions nearly four years after those drives fipgieared in the market. As the 5.25-inch pioneers
began to invade the minicomputer market from befowall the reasons already described, Quantum’s
sales began to sag.

In 1984 several Quantum employees saw a potenéisdehfor a thin 3.5-inch drive plugged into an
expansion slot in IBM XT- and AT-class desktop comgps—drives that would be sold to personal
computer users rather than the OEM minicomputerufeanturers that had accounted for all of
Quantum’s revenue. They determined to leave Quaatughstart a new firm to commercialize their
idea.

Rather than let them leave unencumbered, howewem@Qm’s executives financed and retained 80
percent ownership of this spinoff venture, calldasHDevelopment Corporation, and set the company
up in different facilities. It was a completely fssufficient organization, with its own executiviaf

and all of the functional capabilities requiredaimindependent company. Plus was extremely
successful. It designed and marketed its drivehadtthem manufactured under contract by
Matsushita Kotobuki Electronics (MKE) in Japan.

As sales of Quantum’s line of 8-inch drives begaevaporate in the mid-1980s, they were offset by
Plus’s growing “Hardcard” revenues. By 1987, saleQuantum’s 8- and 5.25-inch products had
largely disappeared. Quantum then purchased thaimerg 20 percent of Plus, essentially closed
down the old corporation, and installed Plus’s exi@es in Quantum’s most senior positions. They
then reconfigured Plus’s 3.5-inch products to apfme®EM desktop computer makers, such as Apple,
just as the capacity vector for 3.5-inch drives waading the desktop market, as shown in the disk
drive trajectory map in Figure 1.7. Quantum, theonstituted as a 3.5-inch drive maker, has
aggressively adopted sustaining component techpatogvations, moving upmarket toward
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engineering workstations, and has also successfatiptiated the sustaining architectural innovation
into 2.5-inch drives. By 1994 the new Quantum haclime the largest unit-volume producer of disk
drives in the world.

Control Data in Oklahoma

Control Data Corporation (CDC) effected the santerseonstitution—once. CDC was the dominant
manufacturer of 14-inch drives sold into the OEM ket between 1965 and 1982; its market share
fluctuated between 55 and 62 percent. When thel8-anchitecture emerged in the late 1970s,
however, CDC missed it—by three years. The compawer captured more than a fraction of the 8-
inch market, and those 8-inch drives that it ditlsere sold almost exclusively to defend its
established customer base of mainframe computeui@etarers. The reason was resources and
managerial emphasis: Engineers and marketers abthpany’s principal Minneapolis facility kept
getting pulled off the 8-inch program to resolveldems in the launch of next-generation 14-inch
products for CDC’s mainstream customers.

CDC launched its first 5.25-inch model two yeateaSeagate’s pioneering product appeared in 1980.
This time, however, CDC located its 5.25-inch dfforOklahoma City. This was done, according to
one manager, “not to escape CDC’s Minneapolis esgging culture, but to isolate the [5.25-inch
product] group from the company’s mainstream custaii Although it was late in the market and
never regained its former dominant position, CDiGay into 5.25-inch drives was profitable, and at
times the firm commanded a 20 percent share ofenigapacity 5.25-inch drives.

Micropolis: Transition by Managerial Force

Micropolis Corporation, an early disk drive leafleunded in 1978 to make 8-inch drives, was the only
other industry player to successfully make theditson to a disruptive platform. It did not use sp@n-
out strategy that had worked for Quantum and Cobtaba, however, choosing instead to manage the
change from within the mainstream company. But dlaenexception supports the rule that customers
exert exceptionally powerful influence over theastments that firms can undertake successfully.

Micropolis began to change in 1982, when founder@BO Stuart Mabon intuitively perceived the
trajectories of market demand and technology supapped in Figure 1.7 and decided that the firm
should become primarily a maker of 5.25-inch drivéile initially hoping to keep adequate
resources focused on developing its next generafi@rAnch drives so that Micropolis could straddle
both market$,he assigned the company’s premier engineers tb.8%inch program. Mabon recalls
that it took “100 percent of my time and energydaghteen months” to keep adequate resources
focused on the 5.25-inch program, because the majgom’s own mechanisms allocated resources to
where the customers were—=8-inch drives.

By 1984, Micropolis had failed to keep pace witmgetition in the minicomputer market for disk
drives and withdrew its remaining 8-inch modelsttiWilerculean effort, however, it did succeed in its
5.25-inch programs. Figure 5.1 shows why this gfileigccurred: In making the transition, Micropolis
assumed a position on a very different technolddgregectory. It had to walk away from every one of
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its major customers and replace the lost revenithssales of the new product line to an entirely
different group of desktop computer makers. Malmnembers the experience as the most exhausting
of his life.

Micropolis finally introduced a 3.5-inch product1993. That was the point at which the product had
progressed to pack more than 1 gigabyte in then@bplatform. At that level, Micropolis could sell
the 3.5-inch drive to its existing customers.

Figure 5.1Technology Transition and Market Position at Miastig Corporation

Wisir

Source:Data are from various issuesik/Trend Report.

DISRUPTIVE TECHNOLOGIES AND THE THEORY OF RESOURCEPENDENCE

The struggles recounted earlier of Seagate Tecgpalattempts to sell 3.5-inch drives and of Busyru
Erie’s failed attempt to sell its early Hydrohodyoto its mainstream customers illustrate how the
theory of resource dependence can be applied &s cdglisruptive technologies. In both instances,
Seagate and Bucyrus were among the first in thdirstries to develop these disruptive products. But
despite senior managers’ decisions to introduce tiee impetus or organizational energy required to
launch the products aggressively into the apprtprialue networks simply did not coalesce—until
customers needed them.

Should we then accept the corollary stipulateddspurce-dependence theorists that managers are
merely powerless individuals? Hardly. In the Introtion, exploring the image of how people learned
to fly, I noted that all attempts had ended inuiglas long as they consisted of fighting fundaadent
laws of nature. But once laws such as gravity, Belliis principle, and the notions of lift, drag@n
resistance began to be understood, and flying masiwere designed that accounted for or harnessed
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those laws, people flew quite successfully. By agwl this is what Quantum and Control Data did. By
embedding independent organizations within an @statifferent value network, where they were
dependent upon the appropriate set of customesufeival, those managers harnessed the powerful
forces of resource dependence. The CEO of Micrsgolight them, but he won a rare and costly
victory.

Disruptive technologies have had deadly impact amynindustries besides disk drives, mechanical
excavators, and steelhe following pages summarize the effect of disingptechnologies in three
other industries—computers, retailing, and printets highlight how the only companies in those
industries that established strong market positiorise disruptive technologies were those whiikte, |
Quantum and Control Data, harnessed rather thahtdbe forces of resource dependence.

DEC, IBM, AND THE PERSONAL COMPUTER

Quite naturally, the computer industry and the disie industry have parallel histories, becaudaesa
networks of the latter are embedded in those ofdtmer. In fact, if the axes and intersecting
trajectories depicted on the disk drive trajectmgp inFigure 1.7were relabeled with computer-
relevant terms, it would summarize equally well thiéure of leading computer industry firms. IBM,
the industry’s first leader, sold its mainframe qauters to the central accounting and data proagssin
departments of large organizations. The emergehiteeaninicomputer represented a disruptive
technology to IBM and its competitors. Their custwsmhad no use for it; it promised lower, not
higher, margins; and the market initially was siigaintly smaller. As a result, the makers of
mainframes ignored the minicomputer for yearsvathg a set of entrants—Digital Equipment, Data
General, Prime, Wang, and Nixdorf—to create andidata that market. IBM ultimately introduced
its own line of minicomputers, but it did so prinaas a defensive measure, when the capabilifies o
minicomputers had advanced to the point that thesewywerformance-competitive with the computing
needs of some of IBM’s customers.

Similarly, none of the makers of minicomputers lmeea significant factor in the desktop personal
computer market, because to them the desktop cempais a disruptive technology. The PC market
was created by another set of entrants, includipgld Commodore, Tandy, and IBM. The
minicomputer makers were exceptionally prosperoushaghly regarded by investors, the business
press, and students of good management—until tad #80s, when the technological trajectory of the
desktop computer intersected with the performameeathded by those who had previously bought
minicomputers. The missile-like attack of the depktomputer from below severely wounded every
minicomputer maker. Several of them failed. Nortaldshed a viable position in the desktop personal
computer value network.

A similar sequence of events characterized the genee of the portable computer, where the market
was created and dominated by a set of entrantJ bktiba, Sharp, and Zenith. Apple and IBM, the
leading desktop makers, did not introduce portatideels until the portables’ performance trajectory
intersected with the computing needs of their qusis.

Probably none of these firms has been so deeplyeaexliby disruptive technology as Digital

Equipment. DEC fell from fortune to folly in justfew years, as stand-alone workstations and
networked desktop computers obviated most customeesis for minicomputers almost overnight.
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DEC didn’'t stumble for lack of trying, of courseodt times between 1983 and 1995 it introduced lines
of personal computers targeted at consumers, prethat were technologically much simpler than
DEC’s minicomputers. But four times it failed toilobubusinesses in this value network that were
perceived within the company as profitable. Fomnet it withdrew from the personal computer market.
Why? DEC launched all four forays from within thaimstream comparfyFor all of the reasons so far
recounted, even though executive-level decisiopbdéhind the move into the PC business, those who
made the day-to-day resource allocation decisioise company never saw the sense in investing the
necessary money, time, and energy in low-margidyts that their customers didn’t want. Higher-
performance initiatives that promised upscale nma,gsuch as DEC’s super-fast Alpha microprocessor
and its adventure into mainframe computers, cagttire resources instead.

In trying to enter the desktop personal computiagifiess from within its mainstream organization,
DEC was forced to straddle the two different ctigtctures intrinsic to two different value netwarks
simply couldn’t hack away enough overhead cosetadmpetitive in low-end personal computers
because it needed those costs to remain compatititehigher-performance products.

Yet IBM’s success in the first five years of thegmal computing industry stands in stark conti@st
the failure of the other leading mainframe and somputer makers to catch the disruptive desktop
computing wave. How did IBM do it? It created atcmomous organization in Florida, far away from
its New York state headquarters, that was fregdoype components from any source, to sell through
its own channels, and to forge a cost structureagate to the technological and competitive
requirements of the personal computing market.driganization was free to succeed along metrics of
success that were relevant to the personal congpotarket. In fact, some have argued that IBM’s
subsequent decision to link its personal computaesidn much more closely to its mainstream
organization was an important factor in IBM’s diffities in maintaining its profitability and market
share in the personal computer industry. It seenbe tvery difficult to manage the peaceful,
unambiguous coexistence of two cost structuresp@oadnodels for how to make money, within a
single company.

The conclusion that a single organization mightptynibe incapable of competently pursuing
disruptive technology, while remaining competitimanainstream markets, bothers some “can-do”
managers—and, in fact, most managers try to dotlgxabat Micropolis and DEC did: maintain their
competitive intensity in the mainstream, while sitaneously trying to pursue disruptive technology.
The evidence is strong that such efforts rarelgsed; position in one market will suffer unless two
separate organizations, embedded within the apjptepralue networks, pursue their separate
customers.

KRESGE, WOOLWORTH, AND DISCOUNT RETAILING

In few industries has the impact of disruptive teabgy been felt so pervasively as in retailingeveh
discounters seized dominance from traditional depamt and variety stores. The technology of
discount retailing was disruptive to traditionakog@tions because the quality of service and selecti
offered by discounters played havoc with the aarustd metrics of quality retailing. Moreover, the
cost structure required to compete profitably scdunt retailing was fundamentally different thiaatt
which department stores had developed to compehenviheir value networks.
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The first discount store was Korvette’s, which begaerating a number of outlets in New York in the
mid-1950s. Korvette’s and its imitators operatethatvery low end of retailing’s product line, sl
nationally known brands of standard hard good9ab210 percent below department store prices.
They focused on products that “sold themselvesabse customers already knew how to use them.
Relying on national brand image to establish tHaevand quality of their products, these discounter
eliminated the need for knowledgeable salespetipdy; also focused on the group of customers least
attractive to mainstream retailers: “young wivedlie collar workers with young childref This was
counter to the upscale formulas department stastsrically had used to define quality retailingdao
improve profits.

Discounters didn’t accept lower profits than thog&aditional retailers, however; they just earned
their profits through a different formula. In thenplest terms, retailers cover their costs throtingh
gross margin, or markup, they charge over the @oste merchandise they sell. Traditional departmen
stores historically marked merchandise up by 4@grand turned their inventory over four timegin
year—that is, they earned 40 percent on the antbegtinvested in inventory, four times during the
year, for a total return on inventory investmenil60 percent. Variety stores earned somewhat lower
profits through a formula similar to that used bg tlepartment stores. Discount retailers earned a
return on inventory investment similar to that epdrtment stores, but through a different mode¥: lo
gross margins and high inventory turns. Table Griirearizes the three positions.

Table 5.1Different Pathways to Profits

Calculated as Margins x Turns, in other words tthal of the margins earned through successive
turnovers each year.
Source:Annual corporate reports of many companies in eatbgory for various years.

The history of discount retailing vividly recallse history of minimill steel making. Just like the
minimills, discounters took advantage of their cgisiicture to move upmarket and seize share from
competing traditional retailers at a stunning rétst at the low end, in brand-name hard good$ sisc
hardware, small appliances, and luggage, anditaterritory further to the northeast such as home
furnishings and clothing. Figure 5.2 illustratesvstunning the discounters’ invasion was: Theirsha
of retailing revenues in the categories of goo@y gold rose from 10 percent in 1960 to nearly 40
percent a scant six years later.
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Figure 5.2Gains in Discount Retailers’ Market Share, 19666L9
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Source:Data are from various issuesiscount Merchandiser.

Just as in disk drives and excavators, a few ofgaeing traditional retailers—notably S. S. Kredge

W. Woolworth, and Dayton Hudson—saw the disrup&iperoach coming and invested early. None of
the other major retail chains, including Sears, Momery Ward, J. C. Penney, and R. H. Macy, made
a significant attempt to create a business in distretailing. Kresge (with its Kmart chain) and

Dayton Hudson (with the Target chain) succeeddthey both created focused discount retailing
organizations that were independent from theiriti@hl business. They recognized and harnessed the
forces of resource dependence. By contrast, Wotiwailed in its venture (Woolco), trying to launch

it from within the F. W. Woolworth variety storeropany. A detailed comparison of the approaches of
Kresge and Woolworth, which started from very sampositions, lends additional insight into why
establishing independent organizations to purssriplive technology seems to be a necessary
condition for success.

S. S. Kresge, then the world’s second largest tyastere chain, began studying discount retailing i
1957, while discounting was still in its infancyy B961, both Kresge and its rival F. W. Woolworth
(the world’s largest variety store operator) hadamced initiatives to enter discount retailingttBo
firms opened stores in 1962, within three montheawh other. The performance of the Woolco and
Kmart ventures they launched, however, subsequdiifgred dramatically. A decade later, Kmart's
sales approached $3.5 billion while Woolco’s salese languishing unprofitably at $0.9 billidh.

In making its commitment to discount retailing, Kge decided to exit the variety store business
entirely: In 1959 it hired a new CEO, Harry Cunrhag, whose sole mission was to convert Kresge
into a discounting powerhouse. Cunningham, in toraught in an entirely new management team, so
that by 1961 there “was not a single operating pi@sident, regional manager, assistant regional
manager, or regional merchandise manager who wasemoon the job*% In 1961 Cunningham

stopped opening any new variety stores, embarkisigad on a program of closing about 10 percent of
Kresge’s existing variety operations each years Tépresented a wholesale refocusing of the company
on discount retailing.

Woolworth, on the other hand, attempted to supp@itogram of sustaining improvements in
technology, capacity, and facilities in its coreigty store businesses while simultaneously inngsin
disruptive discounting. The managers charged wmihroving the performance of Woolworth's variety
stores were also charged with building “the largbstin of discount houses in America.” CEO Robert
Kirkwood asserted that Woolco “would not conflicitkvthe company’s plans for growth and
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expansion in the regular variety store operatioasd that no existing stores would be convertedl to
discount format2 Indeed, as discount retailing hit its most fredz&pansion phase in the 1960s,
Woolworth was opening new variety stores at theepgbad set in the 1950s.

Unfortunately (but predictably), Woolworth provedable to sustain within a single organization the
two different cultures, and two different modelshofv to make a profit, that were required to be
successful in variety and discount retailing. B$Z2% had dropped the term “discount” from all
Woolco advertising, adopting the term “promotiodapartment store” instead. Although initially
Woolworth had set up a separate administrativé ftaits Woolco operation, by 1971 more rational,
cost-conscious heads had prevailed.

In a move designed to increase sales per squarefboth Woolco and Woolworth divisions, the two
subsidiaries have been consolidated operationally @gional basis. Company officials say the
consolidation—which involves buying offices, dibuition facilities and management personnel at the
regional level—will help both to develop better wigndise and more efficient stores. Woolco will
gain the benefits of Woolworth’s buying resouradisiribution facilities and additional expertise in
developing specialty departments. In return, Woollvavill gain Woolco’s knowhow in locating,
designing, promoting and operating large stores ©08,000 sq. ft*

What was the impact of this cost-saving consolai&tilt provided more evidence that two models for
how to make money cannot peacefully coexist withgingle organization. Within a year of this
consolidation, Woolco had increased its markup#$ $hat its gross margins were the highest in the
discount industry—about 33 percent. In the prodésdventory turns fell from the 7x it originallyad
achieved to 4x. The formula for profit that haddasustained F. W. Woolworth (35 percent margins
for four inventory turns or 140 percent return owantory investment) was ultimately demanded of
Woolco as well. (See Figure 5.3.) Woolco was n@éra discounter—in name or in fact. Not
surprisingly, Woolworth’s venture into discountaiding failed: It closed its last Woolco store i88R2.

Figure 5.3Impact of the Integration of Woolco, and F. W. Waeoith on the Way Woolco Attempted
to Make Money
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Source:Data are from various annual reports of F. W. Wawttv Company and from various issues of
Discount Merchandiser.

98



Woolworth’s organizational strategy for succeedmgdisruptive discount retailing was the same as
Digital Equipment’s strategy for launching its paral computer business. Both founded new ventures
within the mainstream organization that had to eaomey by mainstream rules, and neither could
achieve the cost structure and profit model reguioesucceed in the mainstream value network.

SURVIVAL BY SUICIDE: HEWLETT-PACKARD’S LASER JET AN D INK-JET PRINTERS

Hewlett-Packard’s experience in the personal coerguinter business illustrates how a company’s
pursuit of a disruptive technology by spinning aatindependent organization might entail, in the, en
killing another of its business units.

Hewlett-Packard’s storied success in manufactysigters for personal computers becomes even
more remarkable when one considers its managerhémt emergence of bubble-jet or ink-jet
technology. Beginning in the mid-1980s, HP begaitding a huge and successful business around
laser jet printing technology. The laser jet wasgontinuous improvement over dot-matrix printing,
the previously dominant personal computer printexhnology, and HP built a commanding market
lead.

When an alternative way of translating digital sitgnnto images on paper (ink-jet technology) first
appeared, there were vigorous debates about wHagw®grjet or ink jet would emerge as the dominant
design in personal printing. Experts lined up othimdes of the question, offering HP extensive
advice on which technology would ultimately becatme printer of choice on the world’s desktdps.

Although it was never framed as such in the del@itése time, ink-jet printing was a disruptive
technology. It was slower than the laser jet,asotution was worse, and its cost per printed peage
higher. But the printer itself was smaller and ptisdly much less expensive than the laser jethate
lower prices, it promised lower gross margin dallger unit than the laser jet. Thus, the ink-jattpr
was a classic disruptive product, relative to #eet jet business.

Rather than place its bet exclusively with oneherather, and rather than attempt to commerciétiee
disruptive ink-jet from within the existing printdivision in Boise, Idaho, HP created a completely
autonomous organizational unit, located in Vancouwéashington, with responsibility for making the
ink-jet printer a success. It then let the two basses compete against each other. Each has behaved
classically. As shown in Figure 5.4, the lasedjetsion has moved sharply upmarket, in a strategy
reminiscent of 14-inch drives, mainframe computangl integrated steel mills. HP’s laser jet prisiter
can print at high speeds with exceptional resahytiandle hundreds of fonts and complicated
graphics; print on two sides of the page; and senwkiple users on a network. They have also gotten
larger physically.

The ink-jet printer isn’t as good as the laseigjad may never be. But the critical question is Wwaet

the ink jet could ever be as good a printer ap#rsonal desktop computimgarketdemands. The
answer appears to be yes. The resolution and spaektjet printers, while still inferior to thosaf

laser jets, are now clearly good enough for maugesits, professionals, and other un-networked users
of desktop computers.

HP’s ink-jet printer business is now capturing manyhose who would formerly have been laser jet
users. Ultimately, the number of users at the lgberformance end of the market, toward which the
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laser jet division is headed, will probably becosneall. One of HP’s businesses may, in the end, have
killed another. But had HP not set up its ink-jesiness as a separate organization, the ink-jet
technology would probably have languished withie thainstream laser jet business, leaving one of
the other companies now actively competing in tikejét printer business, such as Canon, as a seriou
threat to HP’s printer business. And by stayinthmlaser business, as well, HP has joined IBM’s
mainframe business and the integrated steel companimaking #ot of money while executing an
upmarket retreaf

Figure 5.4Speed Improvements in InkJet and LaserJet Printers

1 in Pages Por Minute (PPM)

e

ol

Year

Source:Hewlett-Packard product brochures, various years.

NOTES

1. The theory of resource dependence has been noostutihly argued by Jeffrey Pfeffer and Gerald
R. Salancik inThe External Control of Organizations: A ResourapBndence Perspectifidew

York: Harper & Row, 1978).

2. This implies that, in managing business under bhotimal conditions and conditions of assault by a
disruptive technology, the choice of which custosrtée firm will serve has enormous strategic
consequences.

3. Joseph L. Bower, iManaging the Resource Allocation Procéd®mewood, IL: Richard D. Irwin,
1972), presents an elegant and compelling pictitieeoresource allocation process.

4. Chester Barnard,he Functions of the Executi{@ambridge, MA: Harvard University Press, 1938),
190-191.

5. Quantum’s spin-out of the Hardcard effort andgsiibsequent strategic reorientation is an example of
the processes of strategy change described by RBbegelman, in “Intraorganizational Ecology of
Strategy-Making and Organizational Adaptation: Tiyeand Field Research@rganization Science
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(2), 1991, 239-262, as essentially a process afaatelection through which suboptimal strategic
initiatives lose out to optimal ones in the intérc@mpetition for corporate resources.

6. The failure of Micropolis to maintain simultaneat@mpetitive commitments to both its established
technology and the new 5.25-inch technology is isteist with the technological histories recounted
by James Utterback, Mastering the Dynamics of InnovatigBoston: Harvard Business School Press,
1994). Utterback found that firms that attempteddwelop radically new technology almost always
tried to maintain simultaneous commitment to theeanid that they almost always failed.

7. A set of industries in which disruptive technolegyare believed to have played a role in toppling
leading firms is presented by Richard S. RosenblanthClayton M. Christensen in “Technological
Discontinuities, Organizational Capabilities, anthfgic Commitmentsfhdustrial and Corporate
Change(3), 1994, 655—-685.

8. In the 1990s, DEC finally set up a Personal CompDivision in its attempt to build a significant
personal computer business. It was not as auton®foon DEC’s mainstream business; however, the
Quantum and Control Data spin-outs were. AlthougCet up specific performance metrics for the
PC division, it was still heldje factoto corporate standards for gross margins and u=vgrowth.

9. “Harvard Study on Discount ShopperBjscount MerchandiseiSeptember, 1963, 71.

10. When this book was being written, Kmart was apled company, having been beaten in a game
of strategy and operational excellence by WalMddnetheless, during the preceding two decades,
Kmart had been a highly successful retailer, cngatixtraordinary value for Kresge shareholders.
Kmart's present competitive struggles are unrelatdéresge’s strategy in meeting the original
disruptive threat of discounting.

11. A detailed contrast between the Woolworth and geespproaches to discount retailing can be
found in the Harvard Business School teaching ¢d$e Discount Retailing Revolution in America,”
No. 695-081.

12. See Robert Drew-Bear, “S. S. Kresge’s Kmanésss Merchandising: Revolution and Evolution
(New York: Fairchild Publications, 1970), 218.

13.F. W. Woolworth Company Annual Report, 1981, p. 8.

14.“Woolco Gets Lion’s Share of New Spac€hain Store Agellovember, 1972, E27. This was an
extraordinarily elegant, rational argument for to@solidation, clearly crafted by a corporate spin-
doctor extraordinaire. Never mind that no Woolwatbres approached 100,000 square feet in size!
15. See, for example, “The Desktop Printer Industrg980,” Harvard Business School, Case No. 9-
390-173.

16. Business historian Richard Tedlow noted that #raesdilemma had confronted A&P’s executives
as they deliberated whether to adopt the disrugtiyermarket retailing format:

The supermarket entrepreneurs competed againstr®&By doing better what A&P was the best
company in the world at doing, but by doing sommegtthat A&P did not want to do at all. The greatest
entrepreneurial failure in this story is Krogeridbompany was second in the market, and one of its
own employees (who left to found the world’s fissipermarket) knew how to make it first. Kroger
executives did not listen. Perhaps it was lackmagination or perhaps, like the executives at A&P,
those at Kroger also had too much invested intdnedsird way of doing business. If the executives at
A&P endorsed the supermarket revolution, they wengng their own distribution system. That is

why they sat by paralyzed, unable to act untilasvalmost too late. In the end, A&P had little cleoi
The company could ruin its own system, or see etHerit.

See Richard TedlowNew and Improved: The Story of Mass Marketing iredea (Boston: Harvard
Business School Press, 1996).
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CHAPTERSIX

Match the Size of the
Organization to the Size
of the Market

Managers who confront disruptive technological gemust be leaders, not followers, in
commercializing disruptive technologies. Doing squires implanting the projects that are to develop
such technologies in commercial organizations ietich in size the market they are to address. These
assertions are based on two key findings of thidystthat leadership is more crucial in coping with
disruptive technologies than with sustaining om@sl that small, emerging markets cannot solve the
near-term growth and profit requirements of largmpanies.

The evidence from the disk drive industry shows theating new markets is significantgssrisky
andmorerewarding than entering established markets agairienched competition. But as
companies become larger and more successful, e even more difficult to enter emerging
markets early enough. Because growing companiastoesdd increasingly large chunks of new
revenue each year just to maintain their desiredabgrowth, it becomes less and less possible tha
small markets can be viable as vehicles througlehvta find these chunks of revenue. As we shall see
the most straightforward way of confronting thifidulty is to implant projects aimed at
commercializing disruptive technologies in orgaticras small enough to get excited about small-
market opportunities, and to do so on a regulaiskagen while the mainstream company is growing.

ARE THE PIONEERS REALLY THE ONES WITH ARROWS IN THEIR BACKS?

A crucial strategic decision in the managemennobvation is whether it is important to be a leaater
acceptable to be a follower. Volumes have beertemrivn first-mover advantages, and an offsetting
amount on the wisdom of waiting until the innovateomajor risks have been resolved by the
pioneering firms. “You can always tell who the pens were,” an old management adage goes.
“They’re the ones with the arrows in their back&s’with most disagreements in management theory,
neither position is always right. Indeed, someifigd from the study of the disk drive industry give
some insight into when leadership is critical arfew followership makes better sense.

Leadership in Sustaining Technologies May Not Beehi$al

One of the watershed technologies affecting the paevhich disk drive makers have increased the
recording density of their drives was the thin-filead/write head. We saw in chapter 1 that dedipete
radically different, competence-destroying chanacfdéhe technology, the $100 million and five-to-

102



fifteen year expense of developing it, the firmstded in this technology were the leading, esshigld
disk drive manufacturers.

Because of the risk involved in the technology’selepment and its potential importance to the
industry, the trade press began speculating itatkeel 970s about which competitor would lead with
thin-film heads. How far might conventional ferritead technology be pushed? Would any drive
makers get squeezed out of the industry race bethayg placed a late or wrong bet on the new head
technology? Yet, it turned out, whether a firm tedollowed in this innovation didot make a
substantial difference in its competitive positidhis is illustrated in Figures 6.1 and 6.2.

Figure 6.1 shows when each of the leading firm®duced its first model employing thin-film head
technology. The vertical axis measures the recgrdensity of the drive. The bottom end of the line
for each firm denotes the maximum recording denshwyd achieved before it introduced a model with
a thin-film head. The top end of each line indisdtee density of the first model each company
introduced with a thin-film head. Notice the widsghrity in the points at which the firms felt iaw
important to introduce the new technology. IBM thd industry, introducing its new head when it had
achieved 3 megabits (Mb) per square inch. MemonexStorage Technology similarly took a
leadership posture with respect to this technoldgyhe other end, Fujitsu and Hitachi pushed the
performance of conventional ferrite heads neamrytitmes beyond the point where IBM first
introduced the technology, choosing to be followesther than leaders, in thin-film technology.

Figure 6.1Points at Which Thin-Film Technology Was AdoptedUgading Manufacturers, Relative
to the Capabilities of Ferrite/Oxide Technologyred Time of the Switch

Year
Source:Data are from various issuesitk/Trend Report.
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What benefit, if any, did leadership in this teclugy give to the pioneers? There is no evidence tha
the leaders gained any significant competitive ath@e over the followers; none of the firms that
pioneered thin-film technology gained significardnket share on that account. In addition, piongerin
firms appear not to have developed any sort ohlagradvantage enabling them to leverage theiyearl
lead to attain higher levels of density than didbfeers. Evidence of this is displayed in Figurg.6.

The horizontal axis shows the order in which theaé adopted thin-film heads. Hence, IBM was the
first, Memorex, the second, and Fujitsu the fifthehe vertical axis gives the rank ordering & th
recording density of the most advanced model madkby each firm in 1989. If the early adopters of
thin-film heads enjoyed some sort of experienceetbaglvantage over the late adopters, then we would
expect the points in the chart to slope generatignfthe upper left toward the lower right. The ¢har
shows instead that there is no relationship betiesmhership and followership in thin-film heads and
any subsequent technological edge.

Each of the other sustaining technologies in tdestry’s history present a similar picture. Thexad
evidence that any of the leaders in developingaatapting sustaining technologies developed a
discernible competitive advantage over the follager

Leadership in Disruptive Technologies Creates ErmusnValue

In contrast to the evidence that leadership inasuisty technologies has historically conferredditt
advantage on the pioneering disk drive firms, thesdrong evidence that leadership in disruptive
technology has beereryimportant. The companies that entered the newevadtworks enabled by
disruptive generations of disk drives within thestitwo years after those drives appeared were six
times more likely to succeed than those that edtater.

Eighty-three companies entered the U.S. disk dnigastry between 1976 and 1993. Thirty-five of
these were diversified concerns, such as Memorewyex, 3M, and Xerox, that made other computer
peripheral equipment or other magnetic recordirngipcts. Forty-eight were independent startup
companies, many being financed by venture capitdlreeaded by people who previously had worked
for other firms in the industry. These numbers espnt the complete census of all firms that evee we
incorporated and/or were known to have announceddsign of a hard drive, whether or not they
actually sold any. It is not a statistical samdl&rons that might be biased in favor or againsg &ype

of firm.

Figure 6.2Relationship between Order of Adoption of ThinariTechnology and Areal Density of
Highest-Performance 1989 Model
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Source:Clayton M. Christensen, “Exploring the Limits oktffechnology S-Curve. Part I: Component
Technologies,Production and Operations Manageménno. 4 (Fall 1992): 347. Reprinted by
permission.

The entry strategies employed by each of thesesfoam be characterized along the two axes in Table
6.1. The vertical axis describEhnologystrategies, with firms at the bottom using onlgyan
technologies in their initial products and thoséhattop using one or more new component
technologies. The horizontal axis chartearketstrategies, with firms at the left having enteaéréady
established value networks and those at the rigving entered emerging value netwoti&nother

way to characterize this matrix is to note that pames that were agressive at entry in developmugy a
adopting sustaining innovations appear in the tpoldoxes, left and right, while companies thatded
entry in creating new value networks appear inweeright-hand boxes, top and bottom. The
companies in the right boxes inclualé companies that attempted to create new value mksweven
those networks that did not materialize into sultshmarkets (such as removable hard drives).

Table 6.1 Disk Drive Companies Achieving $100 Mifliin Annual Revenues in at Least One Year
Between 1976 and 1984
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Source:Data are from various issuesoik/Trend Report.
Note: S indicates success, F indicates failure, N irtdgao, T indicates total.

Each quadrant displays the number of companiestitated using the strategy represented. Under the
S (for “success”) are the number of firms that sgsbaly generated $100 million in revenues in at
least one year, even if the firm subsequently daite(for “failure”) shows the number of firms that
failed ever to reach the $100 million revenue thodd and that have subsequently exited the industry
N (for “no”) indicates the number of firms for whithere is as yet no verdict because, while still
operating in 1994, they had not yet reached $10@®min sales; and (for “total”) lists the total

number of firms that entered in each categdFiie column labeled “% Success” indicates the
percentage of the total number of firms that red@E0 million in sales. Finally, beneath the matri

are the sums of the data in the two quadrants above

The numbers beneath the matrix show that only tofélee fifty-one firms (6 percent) that entered
established markets ever reached the $100 miltwanue benchmark. In contrast, 37 percent of the
firms that led in disruptive technological innowati—those entering markets that were less than two
years old—surpassed the $100 million level, as shomthe right side of Table 6.1. Whether a firm
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was a start-up or a diversified firm had little iagp on its success rate. What mattered appeats not
have been its organizational form, but whetheras\a leader in introducing disruptive products and
creating the markets in which they were sold.

Only 13 percent of the firms that entered attengptonlead in sustaining component technologies (the
top half of the matrix) succeeded, while 20 peradrihe firms that followed were successful. Clearl
the lower-right quadrant offered the most fertiteugnd for success.

The cumulative sales numbers in the right-mostrookiin each quadrant show the total, cumulative
revenues logged by all firms pursuing each of tretexgies; these are summarized below the matrix.
The result is quite stunning. The firms that ledbimnching disruptive products together logged a
cumulative total of $62 billion dollars in revenusstween 1976 and 1994 hose that followed into
the markets later, after those markets had becastableshed, logged only $3.3 billion in total reuen
It is, indeed, an innovator’s dilemma. Firms thaight growth by entering small, emerging markets
loggedtwenty timeghe revenues of the firms pursuing growth in larmgarkets. The difference in
revenues per firm is even more striking: The fitimat followed late into the markets enabled by
disruptive technology, on the left half of the nrgtgenerated an average cumulative total of $64.5
million per firm. Theaveragecompany that led in disruptive technology genetr&®.9billion in
revenues. The firms on the left side seem to haagena sour bargain. They exchangedaaket risk,
the risk that an emerging market for the disrupte@hnology might not develop after all, for a
competitive riskthe risk of entering markets against entrencheajpetition®

COMPANY SIZE AND LEADERSHIP IN DISRUPTIVE TECHNOLOG IES

Despite evidence that leadership in disruptive wation pays such huge dividends, established firms,
as shown in the first four chapters of this bodiemfail to take the lead. Customers of estabtishe
firms can hold the organizations captive, workihgtigh rational, well-functioning resource allooati
processes to keep them from commercializing digrepechnologies. One cruatiditionaldisabling
factor that afflicts established firms as they wtwrknmaintain their growth rate is that the larged a
more successful they become, the more difficust ib muster the rationale for entering an emerging
market in its early stages, when the evidence abbwerss that entry is so crucial.

Good managers are driven to keep their organizatipowing for many reasons. One is that growth
rates have a strong effect on share prices. Textent that a company’s stock price represents the
discounted present value of some consensus forefcastfuture earnings stream, then tbeel of the
stock price—whether it goes up or down—is driverchgnges in the projectedte of growthin
earnings In other words, if a company’s current share pisgeredicated on a consensus growth
forecast of 20 percent, and the market’s consefasggowth is subsequently revised downward to 15
percent growth, then the company’s share pricelikély fall—even though its revenues and earnings
will still be growing at a healthy rate. A strongdaincreasing stock price, of course, gives a campa
access to capital on favorable terms; happy investe a great asset to a company.

Rising share prices make stock option plans arpeesive way to provide incentive to and to reward
valuable employees. When share prices stagnatdl oofitions lose their value. In addition, company
growth creates room at the top for high-performengployees to expand the scope of their
responsibilities. When companies stop growing, thegin losing many of their most promising future
leaders, who see less opportunity for advancement.
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Finally, there is substantial evidence that growgogpanies find it much easier to justify investisen
in new product and process technologies than dgaaias whose growth has stoppéd.

Unfortunately, companies that become large andesstal find that maintaining growth becomes
progressively more difficult. The math is simple$A0 million company that needs to grow profitably
at 20 percent to sustain its stock price and omgdioinal vitality needs an additional $8 million in
revenues the first year, $9.6 million the followiyegr, and so on; a $400 million company with a 20
percent targeted growth rate needs new businegh 80 million in the first year, $96 million ineh
next, and so on; and a $4 billion company with g@fent goal needs to find $800 million, $960
million, and so on, in each successive year.

This problem is particularly vexing for big compasiconfronting disruptive technologies. Disruptive
technologies facilitate the emergence of new marketd there are no $800 million emerging markets.
But it is precisely when emerging markets are smalhen they aréeastattractive to large companies
in search of big chunks of new revenue—that emtiy ihem is so critical.

How can a manager of a large, successful compaalyndth these realities of size and growth when
confronted by disruptive change? | have observeskthpproaches in my study of this problem:

1. Try to affect the growth rate of the emergingkeg so that it becomes big enough, fast
enough, to make a meaningful dent on the trajeatbpyrofit and revenue growth of a large
company.

2. Wait until the market has emerged and beconterbdtfined, and then enter after it “has
become large enough to be interesting.”

3. Place responsibility to commercialize disruptieehnologies in organizations small enough
that their performance will be meaningfully affettey the revenues, profits, and small orders
flowing from the disruptive business in its eatligears.

As the following case studies show, the first typpr@aches are fraught with problems. The third has
its share of drawbacks too, but offers more evidasfqromise.

CASE STUDY: PUSHING THE GROWTH RATE OF AN EMERGING MARKET

The history of Apple Computer’s early entry inte thand-held computer, or personal digital assistant
(PDA), market helps to clarify the difficulties doonting large companies in small markets.

Apple Computer introduced its Apple | in 1976. lsvat best a preliminary product with limited
functionality, and the company sold a total of 20its at $666 each before withdrawing it from the
market. But the Apple | wasn'’t a financial disastpple had spent modestly on its development, and
both Apple and its customers learned a lot abow desktop personal computers might be used. Apple
incorporated this learning into its Apple Il comeuytintroduced in 1977, which was highly successful
Apple sold 43,000 Apple Il computers in the fingbtyears they were on the markksnd the

product’s success positioned the company as tllelea the personal computer industry. On the basis
of the Apple II's success Apple went public in 1980
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A decade after the release of the Apple Il, AppbenPuter had grown into a $5 billion company, and
like all large and successful companies, it fousdlf having to add large chunks of revenue eaeah ye
to preserve its equity value and organizationall¥yt. In the early 1990s, the emerging market for
hand-held PDAs presented itself as a potentialckelidr achieving that needed growth. In many ways,
this opportunity, analogous to that in 1978 whenAlpple 11 computer helped shape its industry, was
great fit for Apple. Apple’s distinctive design eqtise was in user-friendly products, and user-
friendliness and convenience were the basis oPibé& concept.

How did Apple approach this opportunity? Aggreslsives invested scores of millions of dollars to
develop its product, dubbed the “Newton.” The Nevidadeatures were defined through one of the
most thoroughly executed market research effort®rporate history; focus groups and surveys of
every type were used to determine what featureswoars would want. The PDA had many of the
characteristics of a disruptive computing techngj@mnd recognizing the potential problems, Apple
CEO John Sculley made the Newton’s developmentsopal priority, promoting the product widely,
and ensuring that the effort got the technical famahcial resources it needed.

Apple sold 140,000 Newtons in 1993 and 1994, i fivo years on the market. Most observers, of
course, viewed the Newton as a big flop. Technic# handwriting recognition capabilities were
disappointing, and its wireless communications netbgies had made it expensive. But what was
most damning was that while Sculley had publiclgiponed the Newton as a key product to sustain
the company’s growth, its first-year sales amoumbeabout 1 percent of Apple’s revenues. Desplte al
the effort, the Newton made hardly a dent in Appleéed for new growth.

But was the Newton a failure? The timing of Newwahtry into the handheld market was akin to the
timing of the Apple Il into the desktop marketwias a market-creating, disruptive product targated
an undefinable set of users whose needs were umktweither themselves or Apple. On that basis,
Newton’s sales should have been a pleasant sutprisgple’s executives: It outsold the Apple lliia
first two years by a factor of more than threene.dut while selling 43,000 units was viewed as an
IPO-qualifying triumph in the smaller Apple of 19&#lling 140,000 Newtons was viewed as a failure
in the giant Apple of 1994.

As chapter 7 will show, disruptive technologiesafenable something to be done that previously had
been deemed impossible. Because of this, wheniniitefly emerge, neither manufacturers nor
customers know how or why the products will be used hence do not know what specific features
of the product will and will not ultimately be vad. Building such markets entails a process of atutu
discovery by customers and manufacturers—and itimiglg takes time. In Apple’s development of the
desktop computer, for example, the Apple | faikbe, first Apple 1l was lackluster, and the Applé II
succeeded. The Apple Il was a market failure beead quality problems, and the Lisa was a failure.
The first two generations of the Macintosh compateo stumbled. It wasn’t until the third iteratioh

the Macintosh that Apple and its customers finfdiynd “it”: the standard for convenient, user-
friendly computing to which the rest of the indystitimately had to conforrf

In launching the Newton, however, Apple was degpdrashort-circuit this coalescent process for
defining the ultimate product and market. It asstittat its customers knew what they wanted and
spent very aggressively to find out what this WAs. the next chapter will show, this is impossiple.
Then to give customers what they thought they whm@ple had to assume the precarious role of a
sustaining technology leader in an emerging ingusitispent enormous sums to push mobile data
communications and handwriting recognition techgme beyond the state of the art. And finally, it
spent aggressively to convince people to buy whsdd designed.
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Because emerging markets are small by definitio& organizations competing in them must be able to
become profitable at small scale. This is crucalause organizations or projects that are perceised
being profitable and successful can continue tacttfinancial and human resources both from their
corporate parents and from capital markets. lintatperceived as failures have a difficult time
attracting either. Unfortunately, the scale ofitneestments Apple made in its Newton in order to
hasten the emergence of the PDA market made itdiffigult to earn an attractive return. Hence, the
Newton came to be broadly viewed as a flop.

As with most business disappointments, hindsightaits the faults in Apple’s Newton project. But |
believe that the root cause of Apple’s struggle m@snappropriate management. The executives’
actions were a symptom of a deeper problem: Snmekets cannot satisfy the near-term growth
requirements of big organizations.

CASE STUDY: WAITING UNTIL A MARKET IS LARGE ENOUGH TO BE INTERESTING

A second way that many large companies have reggotadthe disruptive technology trap is to wait
for emerging markets to “get large enough to beregting” before they enter. Sometimes this works,
as IBM’s well-timed 1981 entry into the desktop P@iness demonstrated. But it is a seductive logic
that can backfire, because the firms creating newkets often forge capabilities that are closely
attuned to the requirements of those markets aatddter entrants find difficult to replicate. Two
examples from the disk drive industry illustrates toroblem.

Priam Corporation, which ascended to leadershthefarket for 8-inch drives sold to minicomputer
makers after its entry in 1978, had built the ca@fghn that market to develop its drives on a tywear
rhythm. This pace of new product introduction wassistent with the rhythm by which its customers,
minicomputer makers, introduced their new produtts the market.

Seagate’s first 5.25-inch drive, introduced toehgerging desktop market in 1980, was disruptively
slow compared to the performance of Priam’s drikebe minicomputer market. But by 1983, Seagate
and the other firms that led in implementing theralptive 5.25-inch technology had developemhe-

year product introduction rhythm in their market. Besaiseagate and Priam achieved similar
percentage improvements in speed with each newupt@gneration, Seagate, by introducing new
generations on a one-year rhythm, quickly begaiotwverge on Priam’s performance advantage.

Priam introduced its first 5.25-inch drive in 19&t the rhythm by which it introduced its subseatjue
5.25-inch models was the two-year capability it haded in the minicomputer market—not the one-
year cycle required to compete in the desktop niplkee. As a consequence, it was never able to
secure ainglemajor OEM order from a desktop computer manufaetut just couldn’t hit their
design windows with its new products. And Seadgaydaking many more steps forward than did
Priam, was able to close the performance gap bettteen. Priam closed its doors in 1990.

The second example occurred in the next disrupgeresration. Seagate Technology was the second in
the industry to develop a 3.5-inch drive in 198#alysts at one point had speculated that Seagate
might ship 3.5-inch drives as early as 1985; adea&d, Seagate showed a 10 MB model at the fall
1985 Comdex Show. When Seagate still had not stip@5-inch drive by late 1986, CEO Al

Shugart explained, “So far, there just isn’'t adipugh market for it, as yetIn 1987, when the 3.5-
inch market at $1.6 billion had gotten “big enouglbe interesting,” Seagate finally launched its
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offering. By 1991, however, even though Seagatebyatien built substantial volume in 3.5-inch
drives, it had not yet succeeded in selling a singive to a maker of portable computers: Its medel
were all sold into the desktop market, defensiwalgnibalizing its sales of 5.25-inch drives. Why?

One likely reason for this phenomenon is that CoRegipherals, which pioneered and maintained the
lead in selling 3.5-inch drives to portable computakers, fundamentally changed the way drive
makers had to approach the portables market. A€oneer executive described it,

From the beginning of the OEM disk drive induspyoduct development had proceeded in three
sequential steps. First you designed the drivet ylo&i made it; and then you sold it. We changed all
that. We firstsell the drives; then we design them; and then we tibéch®*

In other words, Conner set a pattern whereby difimethe portable computer market were custom-
designed for major customers. And it refined ao$etpabilities in its marketing, engineering, and
manufacturing processes that were tailored toptatiern*> Said another Conner executive, “Seagate
was never able to figure out how to sell drivethia portable market. They just never gott.”

CASE STUDY: GIVING SMALL OPPORTUNITIES TO SMALL ORG ANIZATIONS

Every innovation is difficult. That difficulty isampounded immeasurably, however, when a project is
embedded in an organization in which most peomecantinually questioning why the project is being
done at all. Projects make sense to people if sloelyess the needs of important customers, if they
positively impact the organization’s needs for firahd growth, and if participating in the project
enhances the career opportunities of talented grapto When a project doesn’t have these
characteristics, its manager spends much time aad)g justifying why it merits resources and cannot
manage the project as effectively. Frequently chstircumstances, the best people do not want to be
associated with the project—and when things gét tigrojects viewed as nonessential are the first t
be canceled or postponed.

Executives can give an enormous boost to a prgjectbability of success, therefore, when they
ensure that it is being executed in an environrimrewhich everyone involved views the endeavor as
crucial to the organization’s future growth andfpedility. Under these conditions, when the
inevitable disappointments, unforeseen problems sahedule slippages occur, the organization will
be more likely to find ways to muster whatevereguired to solve the problem.

As we have seen, a project to commercialize a plis@itechnology in a small, emerging market is
very unlikely to be considered essential to sucoseadarge company; small markets don’t solve the
growth problems of big companies. Rather than comlly working to convince and remind everyone
that the small, disruptive technology migiaimedaybe significant or that it is at least strategigall
important, large companies should seek to embegrtiject in an organization that is small enough to
be motivated by the opportunity offered by a disingotechnology in its early years. This can bealon
either by spinning out an independent organizatioby acquiring an appropriately small company.
Expecting achievement-driven employees in a largarazation to devote a critical mass of resources,
attention, and energy to a disruptive project tegat a small and poorly defined market is eqenal
to flae|70ing one’s arms in an effort to fly: It desian important tendency in the way organizations
work.

111



There are many success stories to the credit ®fagproach. Control Data, for example, which had
essentially missed the 8-inch disk drive generatent a group to Oklahoma City to commercialige it
5.25-inch drive. In addition to CDC'’s need to est#ige power of its mainstream customers, the firm
explicitly wanted to create an organization whdge matched the opportunity. “We needed an
organization,” reflected one manager, “that cowdtlaxcited about a $50,000 order. In Minneapolis
[which derived nearly $1 billion from the sale ef-ihch drives in the mainframe market] you needed a
million-dollar order just to turn anyone’s head.DC’s Oklahoma City venture proved to be a
significant success.

Another way of matching the size of an organizatmthe size of the opportunity is to acquire alsma
company within which to incubate the disruptivehtealogy. This is how Allen Bradley negotiated its
very successful disruptive transition from mechahio electronic motor controls.

For decades the Allen Bradley Company (AB) in Millkae has been the undisputed leader in the
motor controls industry, making heavy-duty, sopb&ted switches that turn large electric motors off
and on and protect them from overloads and surgesrient. AB’s customers were makers of
machine tools and cranes as well as contractorsngtalled fans and pumps for industrial and
commercial heating, ventilating, and air conditran{HVAC) systems. Motor controls were
electromechanical devices that operated on the pameple as residential light switches, although
a larger scale. In sophisticated machine toolsHWMAC systems, electric motors and their controls
were often linked, through systems of electromeit@melay switches, to turn on and off in partanul
sequences and under particular conditions. Beaafube value of the equipment they controlled and
the high cost of equipment downtime, controls weriired to be rugged, capable of turning on and
off millions of times and of withstanding the viliens and dirt that characterized the environmants
which they were used.

In 1968, a startup company, Modicon, began se#iegtronic programmable motor controls—a
disruptive technology from the point of view of msiream users of electromechanical controls. Texas
Instruments (TI) entered the fray shortly theregafiih its own electronic controller. Because early
electronic controllers lacked the real and perativggedness and robustness for harsh environments
of the hefty AB-type controllers, Modicon and TImgeaunable to sell their products to mainstream
machine tool makers and HVAC contractors. As pentorce was measured in the mainstream
markets, electronic products underperformed conweak controllers, and few mainstream customers
needed the programmable flexibility offered by &ieaic controllers.

As a consequence, Modicon and Tl were forced tiveid an emerging market for programmable
controllers: the market for factory automation. ousers in this emerging market were not equipment
manufacturers, but equipmargers,such as Ford and General Motors, who were jushbeyg their
attempt to integrate pieces of automatic manufaxuequipment.

Of the five leading manufacturers of electromecbtalninotor controls—Allen Bradley, Square D,
Cutler Hammer, General Electric, and Westinghousel-Aallen Bradley retained a strong market
position as programmable electronic controls imptbin ruggedness and began to invade the core
motor control markets. Allen Bradley entered thectbnic controller market just two years after
Modicon and built a market-leading position in tiev technology within a few years, even as it kept
its strength in its old electromechanical produlitsubsequently transformed itself into a major
supplier of electronic controllers for factory anm@tion. The other four companies, by contrast,
introduced electronic controllers much later andsgguently either exited the controller business or
were reduced to weak positions. From a capabilgerspective this is a surprising outcome, because
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General Electric and Westinghouse had much deegpertise in microelectronics technologies at that
time than did Allen Bradley, which had no instiartal experience in the technology.

What did Allen Bradley do differently? In 1969, jume year after Modicon entered the market, AB
executives bought a 25 percent interest in Infoilwndhstruments, Inc., a fledgling programmable
controller start-up based in Ann Arbor, MichigameTlfollowing year it purchased outright a nascent
division of Bunker Ramo, which was focused on pangmable electronic controls and their emerging
markets. AB combined these acquisitions into alsingit and maintained it as a business separate
from its mainstream electromechanical products atpsr in Milwaukee. Over time, the electronics
products have significantly eaten into the elecohanical controller business, as one AB division
attacked the othéf.By contrast, each of the other four companiesl titemanage its electronic
controller businesses from within its mainstreagcegbmechanical divisions, whose customers did not
initially need or want electronic controls. Eachlidd to develop a viable position in the new
technology.

Johnson & Johnson has with great success follovwstcheegy similar to Allen Bradley’s in dealing

with disruptive technologies such as endoscopigisar equipment and disposable contact lenses.
Though its total revenues amount to more than $#0rh J&J comprises 160 autonomously operating
companies, which range from its huge MacNeil ansgan pharmaceuticals companies to small
companies with annual revenues of less than $2®milohnson & Johnson’s strategy is to launch
products of disruptive technologies through veralmompanies acquired for that purpose.

SUMMARY

It is not crucial for managers pursuing growth aonthpetitive advantage to be leaders in every elemen
of their business. In sustaining technologiesatt,fevidence strongly suggests that companieswhic
focus on extending the performance of conventite@inologies, and choose to be followers in
adopting new ones, can remain strong and competifiliis is not the case with disruptive
technologies, however. There are enormous returasignificant first-mover advantages associated
with early entry into the emerging markets in whitibruptive technologies are initially used. Disk
drive manufacturers that led in commercializingwaive technology grew at vastly greater rates tha
did companies that were disruptive technology foécs.

Despite the evidence that leadership in commezamgidisruptive technologies is crucial, large,
successful innovators encounter a significant dikenin the pursuit of such leadership. In addition t
dealing with the power of present customers asudised in the last chapter, large, growth-oriented
companies face the problem that small markets daivie the near-term growth needs of large
companies. The markets whose emergence is enapldidriptive technologies all began as small
ones. The first orders that the pioneering comargeeived in those markets were small ones. And
the companies that cultivated those markets haéwelop cost structures enabling them to become
profitable at small scale. Each of these factagsies for a policy of implanting projects to
commercialize disruptive innovations in small ongations that will view the projects as being on
their critical path to growth and success, rathantas being distractions from the main busines#iseof
company.
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This recommendation is not new, of course; a hbstheer management scholars have also argued that
smallness and independence confer certain advanitagenovation. It is my hope that chapters 5 and
6 provide deeper insight about why and under whatimstances this strategy is appropriate.

NOTES

1. The benefits of persistently pursuing incremeimgirovements versus taking big strategic leaps
have been capably argued by Robert Hayes in “SiaBlanning: Forward in Reversearvard
Business Reviewovember—December, 1985, 190-197.

| believe that there are some specific situationshich leadership in sustaining technology is @kc
however. In a private conversation, Professor KiarlCcharacterized these situations as those
affectingknife-edgebusinesses, that is, businesses in which the bas@npetition is simple and
unidimensional and there is little room for errdn example of such a knife-edge industry is the
photolithographic aligner (PLA) industry, studiegl Rebecca M. Henderson and Kim B. Clark, in
“Architectural Innovation: The Reconfiguration okigting Systems and the Failure of Established
Firms,” Administrative Science Quarter{85), March, 1990, 9-30. In this case, aligner uf@acturers
failed when they fell behind technologically in tlaee of sustaining architectural changes. This is
because the basis of competition in the PLA ingustis quite straightforward even though the
products themselves were very complex: produdieeinade the narrowest line width on silicon
wafers of any in the industry or no one bought th€his is because PLA customers, makers of
integrated circuits, simply had to have the fasaest most capable photolithographic alignment
equipment or they could not remain competitivenigit own markets. The knife-edge existed because
product functionality was the only basis of comipeti: PLA manufacturers would either fall off one
side to rapid success or off the other side tafailClearly, such knife-edge situations make |estdp
In sustaining technology very important.

In most other sustaining situations, however, lestdp isnot crucial. This far more common situation
Is the subject of Richard S. Rosenbloom’s studiheftransition by National Cash Register from
electro-mechanical to electronic technology. (Seh&d S. Rosenbloom, “From Gears to Chips: The
Transformation of NCR and Harris in the Digital Erd/orking paper, Harvard Business School
Business History Seminar, 1988). In this case, N¥2R very late in its industry in developing and
launching a line of electronic cash registers.&e Wwas NCR with this technology, in fact, thaisidges
of new cash registers dropped essentially to zmrari entire year in the early 1980s. Nonethetéss,
company had such a strong field service capalligy it survived by serving its installed basetfo
year it took to develop and launch its electromisttregisters. NCR then leveraged the strengtis of i
brand name and field sales presence to quicklyptaoaits share of the market.

Even though a cash register is a simpler machiae @éhphotolithographic aligner, | would characteriz
its market as complex, in that there are multigeds of competition, and hence multiple ways to
survive. As a general rule, the more complex a etatke less important is leadership in sustaining
technological innovations. It is in dealing withileaedge markets or with disruptive technologiest th
leadership appears to be crucial. | am indebté&tafessors Kim B. Clark and Robert Hayes for their
contributions to my thinking on this topic.

2. This is not to say that firms whose product penfance or product cost consistently lagged behind
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the competition were able to prosper. | assertttiee is no evidence that leadership in sustaining
technological innovation confers a discernible anduring competitive advantage over companies that
have adopted a follower strategy because therewemerous ways to “skin the cat” in improving the
performance of a complex product such as a diskedBeveloping and adopting new component
technologies, such as thin-film and magneto-resdteads, is one way to improve performance, but
there are innumerable other avenues for extendimgérformance of conventional technologies while
waiting for new approaches to become better unoledstnd more reliable. This argument is presented
more fully in Clayton M. Christensen, “Exploringethimits of the Technology S-CurveRProduction

and Operations Managemef(it), 1992, 334-366.

3. For the purposes of this analysis, a technology elassed as “new or unproven” if less than two
years had elapsed from the time it had first apgzkar a product that was manufactured and sold by a
company somewhere in the world or if, even thoudtad been in the market for more than two years,
less than 20 percent of the disk drive makers Isad the technology in one of their products.

4. In this analysisemerging marketsr value networks were those in which two yearess had
elapsed since the first rigid disk drive had bessouwith that class of computeestablished markets

or value networks were those in which more thanyears had elapsed since the first drive was used.
5. Entry by acquisition was a rare route of entryhi@ disk drive industry. Xerox followed this strgye
acquiring Diablo, Century Data, and Shugart Asdesialhe performance of these companies after
acquisition was so poor that few other compani#éevi@d Xerox’'s lead. The only other example of
entry by acquisition was the acquisition of TantbgnVestern Digital, a manufacturer of controllers.

In the case of Xerox and Western Digital, the estrgtegy of the firms thegcquiredis recorded in
Table 6.1. Similarly, the start-up of Plus Devel@mnCorporation, a spin-out of Quantum, appears in
Table 6.1 as a separate company.

6. The evidence summarized in this matrix may beoaies use to venture capital investors, as a general
way to frame the riskiness of proposed investménssiggests that start-ups which propose to
commercialize a breakthrough technology that ismsally sustaining in character have a far lower
likelihood of success than start-ups whose vissaio iuse proven technology to disrupt an estaldishe
industry with something that is simpler, more relég and more convenient. The established firms in
an industry have every incentive to catch up witupposed sustaining technological breakthrough,
while they have strong disincentives to pursueugiive initiatives.

7. Not all of the small, emerging markets actuallgdiae large ones. The market for removable drive
modules, for example, remained a small niche farentiban a decade, only beginning to grow to
significant size in the mid-1990s. The conclusiothie text that emerging markets offer a higher
probability for success reflects the average, nahaariant result.

8. The notions that one ought not accept the risksraivating simultaneously along both market and
technology dimensions are often discussed amonigirespapitalists. It is also a focus of chapten 5 i
Lowell W. SteeleManaging Technologf{New York: McGraw Hill, 1989). The study reportedre of

the posterior probabilities of success for différi@movation strategies builds upon the concepts of
Steele and Lyle Ochs (whom Steele cites). | was stismulated by ideas presented in Allan N. Afuah
and Nik Bahram, “The Hypercube of InnovatioR&search Policy21), 1992.

9. The simplest equation used by financial analystdetermine share pricels= D/(C-G), whereP =
price per shard) = dividends per shar€ = the company’s cost of capital, aBd= projected long-

term growth rate.

10. This evidence is summarized by Clayton M. Chriségnin “Is Growth afEnablerof Good
Management, or thResultof 1t?” Harvard Business School working paper,8.99

11. Scott Lewis, “Apple Computer, Inc.,” in Adele Hastl.,International Directory of Company
Histories(Chicago: St. James Press, 1991), 115-116.

12. An insightful history of the emergence of the p&i@ computer industry appears in Paul Frieberger
and Michael Swaineire in the Valley: The Making of the Personal Catep (Berkeley, CA:
Osborne-McGraw Hill, 1984).
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13.“Can 3.5" Drives Displace 5.25s in Personal Conmg®’ Electronic Businesd, August, 1986,
81-84.

14.Personal interview with Mr. William Schroeder, ¥i€hairman, Conner Peripherals Corporation,
November 19, 1991.

15. An insightful study on the linkage among a compsuystorical experience, its capabilities, and
what it consequently can and cannot do, appeddsiathy Leonard-Barton, “Core Capabilities and
Core Rigidities: A Paradox in Managing New ProdDevelopment,’Strategic Management Journal
(13), 1992, 111-125.

16. Personal interview with Mr. John Squires, cofouramied Executive Vice President, Conner
Peripherals Corporation, April 27, 1992.

17.See, for example, George Gilder, “The Revital@awf Everything: The Law of the Microcosm,”
Harvard Business RevieMarch-April, 1988, 49-62.

18. Much of this information about Allen Bradley haselm taken from John GurdBhe Bradley
Legacy(Milwaukee: The Lynde and Harry Bradley Foundativ®92).
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CHAPTERSEVEN

Discovering New and
Emerging Markets

Markets that do not exist cannot be analyzed: Sexgpand customers must discover them together.
Not only are the market applications for disruptigehnologiesinknownat the time of their
development, they atnknowableThe strategies and plans that managers formwatehfronting
disruptive technological change, therefore, shblglans for learning and discovery rather thangpla
for execution. This is an important point to undiensl, because managers who believe they know a
market’s future will plan and invest very differgnfrom those who recognize the uncertainties of a
developing market.

Most managers learn about innovation suataining technology contdx¢cause most technologies
developed by established companies are sustaimicigaracter. Such innovations are, by definition,
targeted at known markets in which customer neeslsr@derstood. In this environment, a planned,
researched approach to evaluating, developingnarleting innovative products is not only possible,
it is critical to success.

What this means, however, is that much of whab#st executives in successful companies have
learned about managing innovation is not relevauligruptive technologies. Most marketers, for
example, have been schooled extensively, at urisrand on the job, in the important art of Iistey

to their customers, but few have any theoreticadractical training in how to discover markets that

not yet exist. The problem with this lopsided exgece base is that when the same analytical and
decision-making processes learned in the schaglisthining innovation are applied to enabling or
disruptive technologies, the effect on the compaary be paralyzing. These processes demand crisply
guantified information when none exists, accuratemates of financial returns when neither revenues
nor costs can be known, and management accorduetdded plans and budgets that cannot be
formulated. Applying inappropriate marketing, intraent, and management processes can render good
companies incapable of creating the new marketghinh enabling or disruptive technologies are first
used.

In this chapter we shall see how experts in thie diis’e industry were able to forecast the markets
sustaining technologies with stunning accuracyhaut great difficulty in spotting the advent and
predicting the size of new markets for disruptiweavations. Additional case histories in the
motorcycle and microprocessor industries furthenalestrate the uncertainty about emerging market
applications for disruptive or enabling technolagieven those that, in retrospect, appear obvious.

FORECASTING MARKETS FOR SUSTAINING VERSUS DISRUPTIV E TECHNOLOGIES

An unusual amount of market information has beailable about the disk drive industry from its
earliest days—a major reason why studying it haklgid such rich insights. The primary source of
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data,Disk/Trend Reportpublished annually by Disk/Trend, Inc., of Mount&iew, California, lists
every model of disk drive that has ever been offéoe sale by any company in the world, for each of
the years from 1975 to the present. It shows thietmand year in which each model was first shipped,
lists the performance specifications of the dravaj details the component technologies used. In
addition, every manufacturer in the world share Wisk/Trendits sales by product type, with
information about what types of customers boughthvidrive. Editors aDisk/Trendthen aggregate

this data to derive the size of each narrowly aafimarket segment and publish a listing of the majo
competitors’ shares, carefully guarding all profaig data. Manufacturers in the industry find the
reports so valuable that they all continue to ski@ee proprietary data witDisk/Trend.

In each editionDisk/Trendpublishes the actual unit volumes and dollar saleach market segment
for the year just past and offers its forecastsfmh of the next four years in each category. iGitge
unparalleled access to industry data spanning eeadkes, this publication offers an unusual chamce t
test through unfolding market history the accuratcgast predictions. Over alisk/Trendhas a
remarkable track record in forecasting the futdrestablished markets, but it has struggled torese
accurately the size of new markets enabled by pliste disk drive technologies.

Figure 7.1The Four Years after the First Commercial Shipme®astaining versus Disruptive
Technologies

nedey af Linit Ve

Sustaining Technologies Disruptive Technologies

Source:Data are from various issuesitk/Trend Report.

The evidence is summarized in Figure 7.1, whichgam®s the total unit volumes tHaisk/Trend
Reporthad forecast would be shipped in the first fouargeafter commercial shipments of each new
disk drive architecture began, to the total volutimet were actually shipped over that four-yearqaer
To facilitate comparison, the heights of the baessuring forecast shipments were normalized to a
value of 100, and the volumes actually shipped weaded as a percentage of the forecast. Of tke fiv
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new architectures for whidbisk/Trends forecasts were available, the 14-inch Winchester the 2.5-
inch generation were sustaining innovations, whiehe sold into the same value networks as the
preceding generation of drives. The other thr&25-53.5-, and 1.8-inch drives, were disruptive
innovations that facilitated the emergence of nele& networks.isk/Trenddid not publish separate
forecasts for 8-inch drives.)

Notice thatDisk/Trends forecasts for the sustaining 2.5-inch and 14Winchester technologies
were within 8 percent and 7 percent, respectivalyyhat the industry actually shipped. But its
estimates were off by 265 percent for 5.25-inchelj 35 percent for 3.5-inch drives (really quite
close), and 550 percent for 1.8-inch drives. Ngtalble 1.8-inch drive, the forecast of which
Disk/Trendmissed so badly, was the first generation of drivéh a primarily non-computer market.

TheDisk/Trendstaff used the same methods to generate the 8isefoa sustaining architectures as
they did for disruptive ones: interviewing leadingstomers and industry experts, trend analysis,
economic modeling, and so on. The techniques thated so extraordinarily well when applied to
sustaining technologies, however, clearly failedlypavhen applied to markets or applications thdt di
not yet exist.

IDENTIFYING THE MARKET FOR THE HP 1.3-INCH KITTYHAW K DRIVE

Differences in the forecastablity of sustainingseer disruptive technologies profoundly affected
Hewlett-Packard’s efforts to forge a market forréggolutionary, disruptive 1.3-inch Kittyhawk disk
drivel In 1991, Hewlett-Packard’s Disk Memory DivisionNID), based in Boise, Idaho, generated
about $600 million in disk drive revenues for iZ0$billion parent company. That year a group of
DMD employees conceived of a tiny, 1.3-inch 20 Mi/e, which they code-named Kittyhawk. This
was indeed a radical program for HP: The smallagegreviously made by DMD had been 3.5-
inches, and DMD had been one of the last in thagtrgt to introduce one. The 1.3-inch Kittyhawk
represented a significant leapfrog for the compaagd;:- most notably, was HP’s first attempt to lead
in a disruptive technology.

For the project to make sense in a large orgaoizatith ambitious growth plans, HP executives
mandated that Kittyhawk’s revenues had to rampl&D$nillion within three years. Fortunately for
Kittyhawk’s proponents, however, a significant netrfor this tiny drive loomed on the horizon: hand-
held palm-top computers, or personal digital aasist(PDAS). Kittyhawk’s sponsors, after studying
projections for this market, decided that they dadale the revenue ramp that had been set for. them
They consulted a market research firm, which camdl HP’s belief that the market for Kittyhawk
would indeed be substantial.

HP’s marketers developed deep relationships witios@xecutives at major companies in the
computer industry, for example, Motorola, ATT, IBMpple, Microsoft, Intel, NCR, and Hewlett-
Packard itself, as well as at a host of lesser-knstartup companies. All had placed substantial
product development bets on the PDA market. Marthef products were designed with Kittyhawk’s
features in mind, and Kittyhawk’s design in turfieeted these customers’ well-researched needs.

The Kittyhawk team concluded that developing aaltivat met these customers’ requirements would
be a demanding but feasible technological stretot,they launched an aggressive twelve-month effort
to develop the tiny device. The result, shown iguiré 7.2, was impressive. The first version padded
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MB, and a second model, introduced a year lateredt40 MB. To meet the ruggedness demanded in
its target market of PDAs and electronic notebo#lktsyhawk was equipped with an impact sensor
similar to those used in automobile airbag crasis@es and could withstand a three-foot drop onto
concrete without data loss. It was designed toisiithlly at $250 per unit.

Although Kittyhawk’s technical development went aaing to plan, the development of applications
for it did not. The PDA market failed to materigigubstantially, as sales of Apple’s Newton and
competing devices fell far short of aspirationsisT$urprised many of the computer industry experts
whose opinions HP’s marketers had worked so hasgrithesize. During its first two years on the
market, Kittyhawk logged just a fraction of theesathat had been forecast. The sales achieved might
have initially satisfied startup companies and uentapitalists, but for HP’s management, the
volumes were far below expectations and far todlsmaatisfy DMD’s need to grow and gain overall
market share. Even more surprising, the applicatibat contributed most significantly to Kittyhawk’
sales were not in computers at all. They were Jegmlanguage portable word processors, miniature
cash registers, electronic cameras, and indust@iners, none of which had figured in Kittyhawk’s
original marketing plans.

Figure 7.2Hewlett-Packard Kittyhawk Drive

Source:Hewlett Packard Company. Used by permission.

Even more frustrating, as the second anniversal§ittfhawk’s launch approached, were the inquiries
received by HP marketers from companies making mas&et video game systems to buy very large
volumes of Kittyhawk—if HP could make a version dafale at a lower price point. These companies
had been aware of Kittyhawk for two years, but tregyorted that it had taken some time for them to
see what could be done with a storage device st.sma

To a significant extent, HP had designed Kittyhdwke a sustaining technology for mobile
computing. Along many of the metrics of value iattapplication—small size, low weight and power
consumption, and ruggedness—Kittyhawk constitutdtseontinuous sustaining improvement relative
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to 2.5- and 1.8-inch drives. Only in capacity (WhidP had pushed as far as possible) was Kittyhawk
deficient. The large inquiries and orders thatlfinbegan arriving for the Kittyhawk, however, were
for atruly disruptive product: something priced at $50 pet amd with limited functionality. For these
applications, a capacity of 10 MB would have beerigrtly adequate.

Unfortunately, because HP had positioned the dmitie the expensive features needed for the PDA
market rather than designing it as a truly dismgpproduct, it simply could not meet the price rieegl
by home video game manufacturers. Having investeabgressively to hit its original targets as
defined by the PDA application, management hale jgatience and no money to redesign a simpler,
defeatured 1.3-inch drive that fit the market aggtions that had finally become clear. HP withdrew
Kittyhawk from the market in late 1994.

The HP project managers concede in retrospecttiaatmost serious mistake in managing the
Kittyhawk initiative was to act as if their fore¢asbout the market were right, rather than aseiy t
were wrong. They had invested aggressively in matufing capacity for producing the volumes
forecast for the PDA market and had incorporatesigtefeatures, such as the shock sensor, that were
crucial to acceptance in the PDA market they hacbsefully researched. Such planning and
investment is crucial to success in a sustainiogrtelogy, but, the managers reflected, it was igbit r
for a disruptive product like Kittyhawk. If they t@he opportunity to launch Kittyhawk all over agai
they would assume that neither they nor anyonekelee for sure what kinds of customers would
want it or in what volumes. This would lead thewaod a much more exploratory, flexible approach
toward product design and investment in manufaegucapacity; they would, given another chance,
feel their way into the market, leaving enough weses to redirect their program if necessary and
building upon what they learned on the way.

Hewlett-Packard’s disk drive makers are not the omles, of course, who behaved as if they knew
what the market for a disruptive technology woutd Bhey are in stellar company, as the following
case histories show.

HONDA'S INVASION OF THE NORTH AMERICAN MOTORCYCLE | NDUSTRY

Honda’s success in attacking and dominating theifN@merican and European motorcycle markets
has been cited as a superb example of clear strakegking coupled with aggressive and coherent
execution. According to these accounts, Honda eyepl@ deliberate manufacturing strategy based on
an experience curve in which it cut prices, buillyme, aggressively reduced costs, cut prices some
more, reduced costs further, and built an una$sailolume-based low-cost manufacturing position in
the motorcycle market. Honda then used that baset@ upmarket and ultimately blew all
established motorcycle manufacturers out of theketaxcept for Harley-Davidson and BMW, which
barely survived.Honda combined this manufacturing triumph witHever product design, catchy
advertising, and a convenient, broad-based digtilretailer network tailored to the informal cystB
who constituted Honda’s core customer base. Totdi;imanner, Honda’s history is a tale of strategi
brilliance and operational excellence that all nggana dream will be told about them someday. The
reality of Honda’s achievement, as recounted byHbeda employees who were managing the
business at the time, however, is quite diffefent.

During Japan’s years of post-war reconstruction@meerty, Honda had emerged as a supplier of
small, rugged motorized bicycles that were usediblyibutors and retailers in congested urban areas
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to make small deliveries to local customers. Hoteleloped considerable expertise in designing
small, efficient engines for these bikes. Its Ja&gammarket sales grew from an initial annual voloife
1,200 units in 1949 to 285,000 units in 1959.

Honda’s executives were eager to exploit the coyigdaw labor costs to export motorbikes to North
America, but there was no equivalent market therét$ popular Japanese “Supercub” delivery bike.
Honda's research showed that Americans used maésrpyimarily for over-the-road distance driving
in which size, power, and speed were the most Yighlued product attributes. Accordingly, Honda
engineers designed a fast, powerful motorcycleiBpakty for the American market, and in 1959
Honda dispatched three employees to Los Angelbsdmm marketing efforts. To save living expenses,
the three shared an apartment, and each broudhhwita Supercub bike to provide cheap
transportation around the city.

The venture was a frustrating experience from #garining. Honda’s products offered no advantage to
prospective customers other than cost, and mosiroyaie dealers refused to accept the unproven
product line. When the team finally succeededndifig some dealers and selling a few hundred units,
the results were disastrous. Honda’s understarafieggine design turned out not to be transferable
highway applications, in which bikes were drivemah speeds for extended periods: The engines
sprung oil leaks and the clutches wore out. Hondgj¥enses in air-freighting the warrantied
replacement motorcycles between Japan and Los ésgelarly sunk the company.

Meanwhile, one Saturday, Kihachiro Kawashima, tleedth executive in charge of the North
American venture, decided to vent his frustratioypgaking his Supercub into the hills east of Los
Angeles. It helped: He felt better after zippingward in the dirt. A few weeks later he sought felie
dirt-biking again. Eventually he invited his twolleagues to join him on their Supercubs. Their
neighbors and others who saw them zipping arouadhills began inquiring where they could buy
those cute little bikes, and the trio obliged bgapl-ordering Supercub models for them from Japan.
This private use of what became known as off-raddotkes continued for a couple of years. At one
point a Sears buyer tried to order Supercubs fctmpany’s outdoor power equipment departments,
but Honda ignored the opportunity, preferring tous on selling large, powerful, over-the-road cgcle
a strategy that continued to be unsuccessful.

Finally, as more and more people clamored for thein little Honda Supercubs to join their dirt-
biking friends, the potential for a very differentirket dawned on Honda’'s U.S. team: Maybe there
was an undeveloped off-the-road recreational mdtenmarket in North America for which—quite by
accident—the company’s little 50cc Supercub waslypisuited. Although it took much arguing and
arm-twisting, the Los Angeles team ultimately coroed corporate management in Japan that while
the company’s large bike strategy was doomed tor&gianother quite different opportunity to create
totally new market segment merited pursuit.

Once the small-bike strategy was formally adoptieel team found that securing dealers for the
Supercub was an even more vexing challenge theadibeen for its big bikes. There just weren't any
retailers selling that class of product. Ultimatdtppnda persuaded a few sporting goods dealeekéo t
on its line of motorbikes, and as they began tonute the bikes successfully, Honda’s innovative
distribution strategy was born.

Honda had no money for a sophisticated advertisamypaign. But a UCLA student who had gone
dirt-biking with his friends came up with the advging slogan, “You meet the nicest people on a
Honda,” for a paper he wrote in an advertising seuEncouraged by his teacher, he sold the idea to
advertising agency, which then convinced Hondastitiin what became an award-winning
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advertising campaign. These serendipitous events,wécourse, followed by truly world-class design
engineering and manufacturing execution, which Emhbonda to repeatedly lower its prices as it
improved its product quality and increased its paithn volumes.

Honda’'s 50cc motorbike was a disruptive technologyhe North American market. The rank-ordering
of product attributes that Honda’s customers engiay their product decision making defined for
Honda a very different value network than the dsthbd network in which Harley-Davidson, BMW,
and other traditional motorcycle makers had contpete

From its low-cost manufacturing base for reliabletonbikes, using a strategy reminiscent of the
upmarket invasions described earlier in disk drigésel, excavators, and retailing, Honda turned it
sights upmarket, introducing between 1970 and E988ries of bikes with progressively more
powerful engines.

For a time in the late 1960s and early 1970s, Mateempted to compete head-on with Honda and to
capitalize on the expanding low-end market by pootlya line of small-engine (150 to 300 cc) bikes
acquired from the Italian motorcycle maker Aerontesta. Harley attempted to sell the bikes through
its North American dealer network. Although Hondaianufacturing prowess clearly disadvantaged
Harley in this effort, a primary cause of Harlefadure to establish a strong presence in the shikd
value network was the opposition of its dealer wekwTheir profit margins were far greater on high-
end bikes, and many of them felt the small machaoespromised Harley-Davidson’s image with their
core customers.

Recall from chapter 2 the finding that within agmwalue network, the disk drive companies and thei
computer-manufacturing customers had developedsiemar economic models or cost structures,
which determined the sorts of business that apdgaaditable to them. We see the same phenomenon
here. Within their value network, the economic$lafley’s dealers drove them to favor the same type
of business that Harley had come to favor. Theéxeience within the value network made it difficul
for either Harley or its dealers to exit the netkvthirough its bottom. In the late 1970s Harley giwve
and repositioned itself at the very high end ofrtietorcycle market—a strategy reminiscent of
Seagate’s repositioning in disk drives, and ofupmarket retreats of the cable excavator companies
and the integrated steel mills.

Interestingly, Honda proved just as inaccuratestimeatinghow largethe potential North American
motorcycle market was as it had been in understaivdnatit was. Its initial aspirations upon entry in
1959 had been to capture 10 percent of a markietasd at 550,000 units per year with annual
growth of 5 percent. By 1975 the market had gro@mpércent per year to 5,000,000 annual units—
units that came largely from an application thah#® could not have foreseén.

INTEL'S DISCOVERY OF THE MICROPROCESSOR MARKET

Intel Corporation, whose founders launched the @ampn 1969 based on their pioneering
development of metal-on-silicon (MOS) technologytoduce the world’s first dynamic random
access memory (DRAM) integrated circuits, had bexbgn1995 one of the world’s most profitable
major companies. Its storied success is even neonankable because, when its initial leadership
position in the DRAM market began crumbling betwé8ii8 and 1986 under the onslaught of
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Japanese semiconductor manufacturers, Intel tnanstbitself from a second-tier DRAM company
into the world’s dominant microprocessor manufaetuHow did Intel do it?

Intel developed the original microprocessor undeomtract development arrangement with a Japanese
calculator manufacturer. When the project was dweée)'s engineering team persuaded company
executives to purchase the microprocessor patemt tine calculator maker, which owned it under the
terms of its contract with Intel. Intel had no agjplstrategy for building a market for this new
microprocessor; the company simply sold the chighoever seemed to be able to use it.

Mainstream as they seem today, microprocessorsdigmngptive technologies when they first
emerged. They were capable only of limited fundldy, compared to the complex logic circuits that
constituted the central processing units of laeapmuters in the 1960s. But they were small and
simple, and they enabled affordable logic and cdatpn in applications where this previously had
not been feasible.

Through the 1970s, as competition in the DRAM mankiensified, margins began to decline on
Intel's DRAM revenues while margins on its micropessor product line, where there was less
competition, stayed robust. Intel's system for @dliing production capacity operated according to a
formula whereby capacity was committed in propartio the gross margins earned by each product
line. The system therefore imperceptibly beganrdivg investment capital and manufacturing
capacity away from the DRAM business and into npcooessors—without an explicit management
decision to do sBln fact, Intel senior management continued to $omost of its own attention and
energy on DRAM, even while the company’s resoutleation processes were gradually
implementing an exit from that business.

This de facto strategy shift, driven by Intel's@umously operating resource allocation process, wa
fortuitous. Because so little was known of the mmrocessor market at that time, explicit analysis
would have provided little justification for a bahdove into microprocessors. Gordon Moore, Intel co-
founder and chairman, for example, recalled th’#Bchoice of the Intel 8088 microprocessor as the
“brain” of its new personal computer was viewedhivitintel as a “small design wi?.Even after

IBM’s stunning success with its personal computintgl’'s internal forecast of the potential
applications for the company’s next-generation &&@ did not include personal computers in its list
of the fifty highest-volume applicatiors.

In retrospect, the application of microprocessorgdrsonal computers is an obvious match. Buten th
heat of the battle, of the many applications inclimicroprocessors might have been used, even a
management team as astute as Intel’s could not kvtoah would emerge as the most important and
what volumes and profits it would yield.

UNPREDICTABILITY AND DOWNWARD IMMOBILITY IN ESTABLI SHED FIRMS

The reaction of some managers to the difficultgafectly planning the markets for disruptive
technologies is to work harder and plan smarterilé\this approach works for sustaining innovations,
it denies the evidence about the nature of disramines. Amid all the uncertainty surrounding
disruptive technologies, managers can always cmuigine anchoiExperts’ forecasts will always be
wrong. It is simply impossible to predict with any usefldgree of precision how disruptive products
will be used or how large their markets will be. Wmportant corollary is that, because markets for
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disruptive technologies are unpredictable, comgaiméial strategies for entering these marketd wi
generally be wrong.

How does this statement square with the findingsgmted in Table 6.1, which showed a stunning
difference in the posterior probabilities of succbstween firms that entered new, emerging value
networks (37 percent) and those that entered egistilue networks (6 percent)? If markets cannot be
predicted in advance, how can firms that targentbe more successful? Indeed, when | have shown
the matrix in Table 6.1 to managerial audiencesy tre quite astonished by the differences in the
magnitudes and probabilities of success. Butdtaar that the managers don't believe that theltesu
can be generalized to their own situations. Theifigs violate their intuitive sense that creatiegvn
markets is a genuinely risky businéss.

Failed Ideas versus Failed Businesses

The case studies reviewed in this chapter suggestodution to this puzzle. There is a big differen
between the failure of adeaand the failure of irm. Many of the ideas prevailing at Intel about
where the disruptive microprocessor could be usex@dwrong; fortunately, Intel had not expended all
of its resources implementing wrong-headed marggilans while the right market direction was still
unknowable. As a company, Intel survived many fatsets in its search for the major market for
microprocessors. Similarly, Honda'’s idea about hownter the North American motorcycle market
was wrong, but the company didn’t deplete its resesi pursuing its big-bike strategy and was able to
invest aggressively in the winning strategy aftérad emerged. Hewlett-Packard’s Kittyhawk team
was not as fortunate. Believing they had identifieel winning strategy, its managers spent theigbtd
on a product design and the manufacturing capémitg market application that never emerged. When
the ultimate applications for the tiny drive ultitaly began to coalesce, the Kittyhawk team had no
resources left to pursue them.

Research has shown, in fact, that the vast majofisgccessful new business ventures abandoned thei
original business strategies when they began imghéimg their initial plans and learned what would
and would not work in the mark&fThe dominant difference between successful vestane failed

ones, generally, is not the astuteness of thegimal strategy. Guessing the right strategy abthtset

isn’t nearly as important to success as consemmgigh resources (or having the relationships with
trusting backers or investors) so that new busimesatives get a second or third stab at getting

right. Those that run out of resources or credibbefore they can iterate toward a viable strategy

the ones that fail.

Failed Ideas and Failed Managers

In most companies, however, individual managerstd@mve the luxury of surviving a string of trials
and errors in pursuit of the strategy that workghRy or wrongly, individual managers in most
organizations believe that thegnnotfail: If they champion a project that fails becadise initial
marketing plan was wrong, it will constitute a loloton their track record, blocking their rise thgbhu
the organization. Because failure is intrinsichte process of finding new markets for disruptive
technologies, the inability or unwillingness of mdual managers to put their careers at risk asta

125



powerful deterrent to the movement of establishmdsfinto the value networks created by those

technologies. As Joseph Bower observed in hisiclassdy of the resource allocation process at a

major chemical company, “Pressure from the mamk@tices both the probability and the cost of being
» 10

wrong.” =

Bower’s observation is consistent with the findimgshis book about the disk drive industry. When
demand for an innovation was assured, as was Heeva#h sustaining technologies, the industry’s
established leaders were capable of placing hogg, Bnd risky bets to develop whatever technology
was required. When demand was not assured, ahwasse in disruptive technologies, the
established firms could not even make the techmcddly straightforward bets required to
commercialize such innovations. That is why 65 getof the companies entering the disk drive
industry attempted to do so in an establishederatian emerging market. Discovering markets for
emerging technologies inherently involves failaeg most individual decision makers find it very
difficult to risk backing a project that might fdiecause the market is not there.

Plans to Learn versus Plans to Execute

Because failure is intrinsic to the search foriahitnarket applications for disruptive technologies
managers need an approach very different from tiegtwould take toward a sustaining technology.
In general, for sustaining technologies, plans rbesinade before action is taken, forecasts can be
accurate, and customer inputs can be reasonaldple=|Careful planning, followed by aggressive
execution, is the right formula for success in @unshg technology.

But in disruptive situations, action must be takefore careful plans are made. Because much less ca
be known about what markets need or how large ¢theybecome, plans must serve a very different
purpose: They must be plans fearning rather than plans for implementation. By approagla
disruptive business with the mindset that they tclambw where the market is, managers would identify
what critical information about new markets is mostessary and in what sequence that information is
needed. Project and business plans would mirr@etipoiorities, so that key pieces of information
would be created, or important uncertainties resshi\pefore expensive commitments of capital, time,
and money were required.

Discovery-driven planningyhich requires managers to identify the assumptigron which their
business plans or aspirations are basedyrks well in addressing disruptive technologleshe case

of Hewlett-Packard’s Kittyhawk disk drive, for expha, HP invested significant sums with its
manufacturing partner, the Citizen Watch Compamyuilding and tooling a highly automated
production line. This commitment was based on anragtion that the volumes forecast for the drive,
built around forecasts by HP customers of PDA salese accurate. Had HP’s managers instead
assumed that nobody knew in what volume PDAs wealk] they might have built small modules of
production capacity rather than a single, high-w@uine. They could then have held to capacity or
added or reduced capacity as key events confirmddsproved their assumptions.

Similarly, the Kittyhawk product development plaassbased on an assumption that the dominant
application for the little drive was in PDAs, whidemanded high ruggedness. Based on this
assumption, the Kittyhawk team committed to compdsmand a product architecture that made the
product too expensive to be sold to the price-s@asiideo game makers at the emerging low end of
the market. Discovery-driven planning would haveeéal the team to test its market assumptions
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beforemaking commitments that were expensive to reveigdhis case, possibly by creating a
modularized design that easily could be reconfigunedefeatured to address different markets and
price points, as events in the marketplace claritiee validity of their assumptions.

Philosophies such asanagement by objectiamdmanagement by exceptioften impede the

discovery of new markets because of where theysfotanagement attention. Typically, when
performance falls short of plan, these systemsw@age management to close the gap between what
was planned and what happened. That is, they fmcusmanticipated failures. But as Honda’s
experience in the North American motorcycle markeastrates, markets for disruptive technologies
often emerge from unanticipated successes, on whaty planning systems do not focus the attention
of senior managemeft.Such discoveries often come by watching how peogéeproducts, rather

than by listening to what they say.

| have come to call this approach to discoverirgemerging markets for disruptive technologies
agnostic marketinggy which I mean marketing under an explicit assuomgthatno one—not us, not
our customers—can know whether, how, or in whahtties a disruptive product can or will be used
before they have experience using it. Some manaigeexd with such uncertainty, prefer to wait until
others have defined the market. Given the powdrkttmover advantages at stake, however,
managers confronting disruptive technologies neegkt out of their laboratories and focus groups an
directly create knowledge about new customers awdapplications through discovery-driven
expeditions into the marketplace.
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CHAPTEREIGHT

How to Appraise Your
Organization’s Capabilities
and Disabilities

When managers assign employees to tackle a ciiicalzation, they instinctively work to match the
requirements of the job with the capabilities @& thdividuals whom they charge to do it. In evalugt
whether an employee is capable of successfullyugxera job, managers will assess whether he or she
has the requisite knowledge, judgment, skill, pectpe, and energy. Managers will also assess the
employee’s valuesthe criteria by which he or she tends to decidet\whauld and shouldn’t be done.
Indeed, the hallmark of a great manager is thétyalbda identify the right person for the right jodnd

to train his or her employees so that they have#pabilities to succeed at the jobs they are given

Unfortunately, some managers don’t think as rigelypabout whether theorganizationshave the
capability to successfully execute jobs that magiven to them. Frequently, they assume that if the
people working on a project individually have tegquisite capabilities to get the job done wellnthe
the organization in which they work will also hate same capability to succeed. This often ismet t
case. One could take two sets of identically cagppbbple and put them to work in two different
organizations, and what they accomplish would yiked significantly different. This is because
organizations themselves, independent of the peopleother resources in them, have capabilities. To
succeed consistently, good managers need to bedskibt just in choosing, training, and motivating
the right people for the right job, but in choosibgilding, and preparing the rigbtganizationfor the

job as well.

The purpose of this chapter is to describe theryhiéat lies behind the empirical observations made
chapters 5, 6, and 7—in particular, the observatiahthe only companies that succeeded in
addressing disruptive technology were those tresited independent organizations whose size
matched the size of the opportunity. The notion tiiganizations have “core competencies” has been a
popular one for much of the last decade.practice, however, most managers have fouricthlea

concept is sufficiently vague that some supposethfietence” can be cited in support of a

bewildering variety of innovation proposals. Thigpter brings greater precision to the core
competence concept, by presenting a frameworklfprhanagers understand, when they are
confronted with a necessary change, whether thenargtions over which they preside are competent
or incompetent of tackling the challenges thathead.

AN ORGANIZATIONAL CAPABILITIES FRAMEWORK

Three classes of factors affect what an organizatém and cannot do: its resources, its proceasds,
its values. When asking what sorts of innovatidresrtorganizations are and are not likely to be &bl
implement successfully, managers can learn a lmitatapabilities by disaggregating their answers
into these three categories.
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Resources

Resources are the most visible of the factorsdbatribute to what an organization can and canoot d
Resources include people, equipment, technologgymt designs, brands, information, cash, and
relationships with suppliers, distributors, andtoogers. Resources are usuahings,or assets—they

can be hired and fired, bought and sold, depretiateenhanced. They often can be transferred across
the boundaries of organizations much more realdy tcan processes and values. Without doubt,
access to abundant and high-quality resources eaham organization’s chances of coping with
change.

Resources are the things that managers most itigéilycidentify when assessing whether their
organizations can successfully implement changasctinfront them. Yet resource analysis clearly
does not tell a sufficient story about capabilitiesleed, we could deal identical sets of resout@es
two different organizations, and what they credteth those resources would likely be very
different—because the capabilities to transfornutapnto goods and services of greater value raside
the organization’s processes and values.

Processes

Organizations create value as employees transtgoats of resources—people, equipment,
technology, product designs, brands, informatioeergy, and cash—into products and services of
greater worth. The patterns of interaction, coation, communication, and decision-making through
which they accomplish these transformationspaoeesses Processes include not just manufacturing
processes, but those by which product developmenturement, market research, budgeting,
planning, employee development and compensatiahyesource allocation are accomplished.

Processes differ not only in their purpose, bub alstheir visibility. Some processes are “forma”

the sense that they are explicitly defined, visibbgumented, and consciously followed. Other
processes are “informal,” in that they are habitoatines or ways of working that have evolved over
time, which people follow simply because they wor—because “That’s the way we do things around
here.” Still other methods of working and interagthave proven so effective for so long that people
unconsciously follow them—they constitute the crdtaf the organization. Whether they are formal,
informal, or cultural, however, processes define lam organization transforms the sorts of inputs
listed above into things of greater value.

Processes are defined or evotieefactoto address specific tasks. This means that wherageas use a
process to execute the tasks for which it was desigit is likely to perform efficiently. But whehe
same, seemingly efficient process is employeddkle¢sa very different task, it is likely to seem\s|
bureaucratic, and inefficient. In other words, agass that definescapabilityin executing a certain
task concurrently definadisabilitiesin executing other tasksThe reason good managers strive for
focus in their organizations is that processestasks can be readily alignéd.

One of the dilemmas of management is that, by trexly nature, processes are established so that
employees perform recurrent tasks in a consistagt time after time. To ensure consistency, they ar
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meantnotto change—or if they must change, to change thraigitly controlled procedure$his
means that the very mechanisms through which ozgéions create value are intrinsically inimical to
change

Some of the most crucial processes to examinepEbdaies or disabilities aren’t the obvious value
adding processes involved in logistics, developmaainufacturing, and customer service. Rather, they
are the enabling or background processes that guppestment decision-making. As we saw in
chapter 7, the processes that render good companggzable of responding to change are often those
that define how market research is habitually dtwosy such analysis is translated into financial
projections; how plans and budgets are negotiatdchaw those numbers are delivered; and so on.
These typically inflexible processes are where nanggnizations’ most serious disabilities in coping
with change reside.

Values

The third class of factors that affect what an aiz@tion can or cannot accomplish is its valueg Th
values of an organization are the criteria by wiiehisions about priorities are made. Some corporat
values are ethical in tone, such as those thatgiedisions to ensure patient well-being at Joh&son
Johnson or that guide decisions about plant sateff)coa. But within the Resources-Processes-Values
(RPV) framework, values have a broader meaningoryanization’s values are the standards by which
employees make prioritization decisions—by whiakytjudge whether an order is attractive or
unattractive; whether a customer is more imporamess important; whether an idea for a new
product is attractive or marginal; and so on. Hrgation decisions are made by employees at every
level. At the executive tiers, they often take fitien of decisions to invest or not invest in new
products, services, and processes. Among salespebey consist of on-the-spot, day-to-day decssion
about which products to push with customers andkvhbt to emphasize.

The larger and more complex a company becomesndine important it is for senior managers to train
employees at every level to make independent dessabout priorities that are consistent with the
strategic direction and the business model of tmepany. A key metric of good management, in fact,
is whether such clear and consistent values havegated the organizatién.

Clear, consistent, and broadly understood valussetier, also define what an organization cannot do.
A company’s values, by necessity, must reflectast structure or its business model, because these
define the rules its employees must follow in oriderthe company to make money. If, for example,
the structure of a company’s overhead costs regjitite achieve gross profit margins of 40 percant,
powerful value or decision rule will have evolvédt encourages middle managers to kill ideas that
promise gross margins below 40 percent. This meisuch an organization would ineapableof
successfully commercializing projects targeting-margin markets. At the same time, another
organization’s values, driven by a very differeastcstructure, might enable or facilitate the sasaa

the very same project.

The values of successful firms tend to evolve medictable fashion in at least two dimensions. The
first relates to acceptable gross margins. As comegaadd features and functionality to their prasluc
and services in order to capture more attractigtoroers in premium tiers of their markets, thegmoft
add overhead cost. As a result, gross marginsath@te point were quite attractive, at a later poin
seem unattractive. Their values change. For exarplgota entered the North American market with
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its Corona model—a product targeting the lowestaatitiers of the market. As the entry tier of the
market became crowded with look-alike models froissiin, Honda, and Mazda, competition among
equally low-cost competitors drove down profit masy Toyota developed more sophisticated cars
targeted at higher tiers of the market in orddmtprove its margins. Its Corolla, Camry, Previa,
Avalon, and Lexus families of cars have been inicedl in response to the same competitive
pressures—it kept its margins healthy by migratipgmarket. In the process, Toyota has had to add
costs to its operation to design, build, and suipgans of this caliber. It progressively deemphediz
the entry-level tiers of the market, having fouhd tmargins it could earn there to be unattractixgen
its changed cost structure.

Nucor Steel, the leading minimill that led the upsket charge against the integrated mills that was
recounted in chapter 4, likewise has experiencgthage in values. As it has managed the center of
gravity in its product line up-market from re-barangle iron to structural beams and finally toethe
steel, it has begun to decidedly deemphasize re-tiar product that had been its bread and butter in
its earlier years.

The second dimension along which values predicteliynge relates to how big a business has to be in
order to be interesting. Because a company’s gidck represents the discounted present valus of it
projected earnings stream, most managers typiftsdlycompelled not just to maintain growth, but to
maintain a constamate of growth. In order for a $40 million company tmow 25 percent, it needs to
find $10 million in new business the next year. B&40billion company to grow 25 percent, it needs
to find $10 billion in new business the next yéldre size of market opportunity that will solve eath
these companies’ needs for growth is very differ@stnoted in chapter 6, an opportunity that excéte
small organization isn’t big enough to be interggtio a very large one. One of the bittersweet rdsva
of success is, in fact, that as companies becorge,lthey literally lose the capability to enteradim
emerging markets. This disability is not becausa ofiange in the resources within the companies—
their resources typically are vast. Rather, itasause their values change.

Executives and Wall Street financiers who engimeegamergers among already huge companies in
order to achieve cost savings need to accounh&mbpact of these actions on the resultant
companies’ values. Although their merged organiretimight have more resources to throw at
innovation problems, their commercial organizatitersl to lose their appetites for all but the biige
blockbuster opportunities. Huge size constitutesra realdisability in managing innovation. In many
ways, Hewlett-Packard’s recent decision to sgelitinto two companies is rooted in its recogmitad
this problem.

THE RELATIONSHIP BETWEEN PROCESSES AND VALUES, AND SUCCESS IN
ADDRESSING SUSTAINING VS. DISRUPTIVE TECHNOLOGIES

The resources-processes-values (RPV) frameworkd®s a useful tool for me to understand the
findings from my research relating to the differemén companies’ track records in sustaining and
disruptive technologies. Recall that we identifidlds new technologies that were introduced in the
industry’s history. Of these, 111 were sustaingxhhologies, in that their impact was to improwe th
performance of disk drives. Some of these wereemental improvements while others, such as
magneto-resistive heads, represented discontineaps forward in performance. In all 111 cases of
sustaining technology, the companies that led weldping and introducing the new technology were
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the companies that had led in the old technolo@e. Juccess rate of the established firms in
developing and adopting sustaining technologies M@spercent.

The other five of these 116 technologies were gisra innovations—in each case, smaller disk drives
that were slower and had lower capacity than tlissel in the mainstream market. There was no new
technology involved in these disruptive productst oneof the industry’s leading companies
remained atop the industry after these disruptimevations entered the market—their batting average
waszera

Why such markedly different batting averages whegipg the sustaining versus disruptive games?
The answer lies in the RPV framework of organizsiccapabilities. The industry leaders developed
and introduced sustaining technologies over and again. Month after month, year after year, ag the
introduced new and improved products in order ia ga edge over the competition, the leading
companies developed processes for evaluating thedgical potential and assessing their
customers’ needs for alternative sustaining teauies. In the parlance of this chapter, the
organizations developedcapabilityfor doing these things, which resided in theirgesses.

Sustaining technology investments also fit the @alaf the leading companies, in that they promised
higher margins from better products sold to theading-edge customers.

On the other hand, the disruptive innovations aezliso intermittently that no company had a
routinized process for handling them. Furthermbegause the disruptive products promised lower
profit margins per unit sold and could not be usgdheir best customers, these innovations were
inconsistent with the leading companies’ values Hading disk drive companies had tesources—
the people, money, and technology—required to fctee both sustaining and disruptive
technologies. But their processes and values d¢otestidisabilities in their efforts to succeed at
disruptive technologies.

Large companies often surrender emerging growtlketsubecause smaller, disruptive companies are
actually morecapableof pursuing them. Though start-ups lack resouite®esn’t matter. Their

values can embrace small markets, and their cesttstes can accommodate lower margins. Their
market research and resource allocation proceisasraanagers to proceed intuitively rather than
having to be backed up by careful research angsisapresented in PowerPoint. All of these
advantages add up to enormous opportunity or logmiisaster—depending upon your perspective.

Managers who face the need to change or innovassfore, need to do more than assign the right
resources to the problem. They need to be suréhbatrganization in which those resources will be
working is itself capable of succeeding—and in mghthat assessment, managers must scrutinize
whether the organization’s processes and valudsefiproblem.

THE MIGRATION OF CAPABILITIES

In the start-up stages of an organization, muchladt gets done is attributable tonésources—its

people. The addition or departure of a few key peopn have a profound influence on its success.
Over time, however, the locus of the organizatia@pabilities shifts toward its processes and \&lue
As people work together successfully to addressrrent tasks, processes become defined. And as the
business model takes shape and it becomes cleal wipies of business need to be accorded highest
priority, values coalesce. In fact, one reason ity soaring young companies flame out after they
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go public based upon a hot initial product is tluaereas their initial success was grounded in
resources—the founding group of engineers—theytdaireatgprocesseshat can create sequencef
hot products.

An example of such flame out is the story of Avieclnology, a producer of digital editing systems

for television. Avid’s technology removed tediurorn the video editing process. Customers loved it,
and on the back of its star product, Avid stoclerfsem $16 at its 1993 IPO to $49 in mid-1995.
However, the strains of being a one-trick pony ssarfaced as Avid was faced with a saturated
market, rising inventories and receivables, andeiased competition. Customers loved the product, bu
Avid’s lack of effective processes to consisteiivelop new products and to control quality, dejiye
and service ultimately tripped the company and gerstock back down.

In contrast, at highly successful firms such as MKy and Company, the processes and values have
become so powerful that it almost doesn’t matteictvipeople get assigned to which project teams.
Hundreds of new MBAs join the firm every year, alohost as many leave. But the company is able to
crank out high-quality work year after year becatseore capabilities are rooted in its processeb
values rather than in its resources. | sense, henyvévat these capabilities of McKinsey also caoti

its disabilities. The rigorously analytical, dataveén processes that help it create value forlignts in
existing, relatively stable markets render it mleds capable of building a strong client base among
the rapidly growing companies in dynamic technolotgrkets.

In the formative stages of a company’s processdwvalues, the actions and attitudes of the comgany’
founder have a profound impact. The founder ofi@n $trong opinions about the way employees ought
to work together to reach decisions and get thdogee. Founders similarly impose their views of what
the organization’s priorities need to be. If tharfider's methods are flawed, of course, the company
will likely fail. But if those methods are usef@imployees will collectively experience for themsalv

the validity of the founder’s problem-solving metlobogies and criteria for decision-making. As they
successfully use those methods of working togethaddress recurrent tasks, processes become
defined. Likewise, if the company becomes finamgisiliccessful by prioritizing various uses of its
resources according to criteria that reflect thentter’s priorities, the company’s values begin to
coalesce.

As successful companies mature, employees graduaiie to assume that the priorities they have
learned to accept, and the ways of doing thingsnagithods of making decisions that they have
employed so successfully, are the right way to wGnkce members of the organization begin to adopt
ways of working and criteria for making decisionysassumption, rather than by conscious decision,
then those processes and values come to constieiteganization’sulture’ As companies grow

from a few employees to hundreds and thousandshidléenge of getting all employees to agree on
what needs to be done and how it should be dotigasdhe right jobs are done repeatedly and
consistently can be daunting for even the best gensaCulture is a powerful management tool in
these situations. Culture enables employees taudohomously and causes them to act consistently.

Hence, the location of the most powerful factoed dhefine the capabilities and disabilities of
organizations migrates over time —from resourcegtd visible, conscious processes and values, and
then toward culture. As long as the organizatiomiooies to face the same sorts of problems that its
processes and values were designed to addressgimgitize organization is relatively straightforward
But because these factors also define what an ajen cannotdo, they constitute disabilities when
the problems facing the company change. When th@nazation’s capabilities reside primarily in its
people, changing to address new problems is relgtsimple. But when the capabilities have come to
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reside in processes and values egpeciallywhen they have become embedded in culture, chearge
become extraordinarily difficult.

A case in point: Did Digital Equipment have the ahbijlity to succeed in personal computers?

Digital Equipment Corporation (DEC) was a spectadylsuccessful maker of minicomputers from the
1960s through the 1980s. One might have been tehpi@ssert, when the personal computer market
began to coalesce in the early 1980s, that DE@ee*competence” was in building computers. But if
computers were DEC’s competence, why did the compammble?

Clearly, DEC had theesourcedo succeed in personal computers. Its engineerns reeatinely

designing far more sophisticated computers than BEE€ had plenty of cash, a great brand, and
strong technology. But did DEC have {iv®cesses$o succeed in the personal computer business? No.
The processes for designing and manufacturing mmpziters involved designing many of the key
components of the computer internally and thergiratieng the components into proprietary
configurations. The design process itself consutwedo three years for a new product model. DEC’s
manufacturing processes entailed making most coemgerand assembling them in a batch mode. It
sold direct to corporate engineering organizatidimese processes worked extremely well in the
minicomputer business.

The personal computer business, in contrast, redgrocesses through which the most cost-effective
components were outsourced from the best supplietsnd the globe. New computer designs,
comprised of modular components, had to be contpletsix- to twelve-month cycles. The computers
were manufactured in high-volume assembly lined,swid through retailers to consumers and
businesses. None of these processes required fpetesuccessfully in the personal computer business
existed within DEC. In other words, although gempleworking at DEC, as individuals, had the

abilities to design, build, and sell personal cotepiprofitably, they were working in an organieati

that was incapable of doing this because its pessekad been designed and had evolved iy

tasks well. The very processes that made the coyngagrable of succeeding in one business rendered
it incapable of succeeding in another.

And what about DEC’salue® Because of the overhead costs that were requirgtcceed in the
minicomputer business, DEC had to adopt a setlobgahat essentially dictated, “If it generates 50
percent gross margins or more, it's good busiriéggyenerates less than 40 percent marginsnits
worth doing.” Management had to ensure that allleyges prioritized projects according to this
criterion, or the company couldn’t make money. Beseapersonal computers generated lower margins,
they did not “fit” with DEC’s values. The companycsteria for prioritization placed higher-
performance minicomputers ahead of personal comgpirtéhe resource allocation process. And any
attempts that the company made to enter the pdrsomguter business had to target the highest-
margin tiers of that market—because the finan@alits that might be earned in those tiers were the
only ones that the company’s values would tolefte.because of the patterns noted in chapter 4—the
strong tendency for competitors with low-overheadibess models to migrate up-market—Digital’s
values rendered it incapable of pursuing a wingimngtegy.

As we saw in chapter 5, Digital Equipment coulddhawnedanotherorganization whose processes
and values were tailored to those required to plakie personal computer game. But the particular
organization in Maynard, Massachusetts, whose extiaary capabilities had carried the company to
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such success in the minicomputer business, wadysingapable of succeeding in the personal
computer world.

CREATING CAPABILITIES TO COPE WITH CHANGE

If a manager determined that an employee was itd@é succeeding at a task, he or she would either
find someone else to do the job or carefully ttamemployee to be able to succeed. Training often
works, because individuals can become skilled dtiphel tasks.

Despite beliefs spawned by popular change-manageandireengineering programs, processes are
not nearly as flexible or “trainable” as are res@sr—and values are even less so. The processes that
make an organization good at outsourcing comporeamsot simultaneously make it good at
developing and manufacturing components in-houséuas that focus an organization’s priorities on
high-margin products cannot simultaneously focusripies on low-margin products. This is why
focused organizations perform so much better tmincused ones: their processes and values are
matched carefully with the set of tasks that nedokt done.

For these reasons, managers who determine thaganization’s capabilities aren’t suited for a new
task, are faced with three options through whicbraate new capabilities. They can:

« Acquire a different organization whose processesvatues are a close match with the new
task

« Try to change the processes and values of thentuorganization

« Separate out an independent organization and dewethin it the new processes and values
that are required to solve the new problem

Creating Capabilities Through Acquisitions

Managers often sense that acquiring rather thaeldewg a set of capabilities makes competitive and
financial sense. The RPV model can be a usefultwéiyame the challenge of integrating acquired
organizations. Acquiring managers need to begiadiyng, “What is it that really created the value

that I just paid so dearly for? Did | justify theqe because of its resources—its people, products,
technology, market position, and so on? Or, wasbatantial portion of its worth created by processe
and values—unique ways of working and decision-mgkinat have enabled the company to
understand and satisfy customers, and develop,,raakledeliver new products and services in a timely
way?

If the acquired company’s processes and valuethareal driver of its success, then the last thieg
acquiring manager wants to do is to integrate tmpgany into the new parent organization. Integratio
will vaporize many of the processes and values®ficquired firm as its managers are required to
adopt the buyer’s way of doing business and hagie fpitoposals to innovate evaluated according to
the decision criteria of the acquiring companythe acquiree’s processes and values were the reason
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for its historical success, a better strategy igttéhe business stand alone, and for the papanfuse
its resources into the acquired firm’s processesvatues. This strategy, in essence, truly corisstu
the acquisition of new capabilities.

If, on the other hand, the companyésourcesvere the primary rationale for the acquisitiorgrth
integrating the firm into the parent can make afaddense—essentially plugging the acquired people,
products, technology, and customers into the parpnbcesses, as a way of leveraging the parent’'s
existing capabilities.

The perils of the DaimlerChrysler merger that beigatme late 1990s, for example, can be better
understood through the RPV model. Chrysler hadréseurces that could be considered unique in
comparison to its competitors. Its success in thekst of the 1990s was rooted in its processes—
particularly in its rapid, creative product desgoecesses, and in its processes of integratingftbes

of its subsystem suppliers. What would be the Wastfor Daimler to leverage the capabilities that
Chrysler brought to the table? Wall Street exentearly inexorable pressure on management to
consolidate the two organizations in order to asts. However, integrating the two companies would
likely vaporize the key processes that made Chrygsieh an attractive acquisition in the first place

This situation is reminiscent of IBM’s 1984 acqtimi of Rolm. There wasn’t anything in Rolm’s pool
of resources that IBM didn’t already have. It wadrR's processes for developing PBX products and
for finding new markets for them that was reallgpensible for its success. In 1987 IBM decided to
fully integrate the company into its corporate stowe. Trying to push Rolm’s resources—its products
and its customers—through the same processes #nathened in its large computer business, caused
the Rolm business to stumble badly. And inviting@xives of a computer company whose values had
been whetted on operating profit margins of 18 @etrto get excited about prioritizing products with
operating margins below 10 percent was impossiBIM’s decision to integrate Rolm actually
destroyed the very source of the original wortlhef deal. As this chapter is being written in Feloyu
2000, DaimlerChrysler, bowing to the investment oamity’s drumbeat for efficiency savings, now
stands on the edge of the same precipice.

Often, it seems, financial analysts have a beatteition for the value of resources than for preess

In contrast, Cisco Systems’ acquisitions processwaked well—because its managers seem to have
kept resources, processes, and values in thepiggbpective. Between 1993 and 1997 it acquired
primarily small companies that were less than tearyg old: early-stage organizations whose market
value was built primarily upon their resources—gaitarly engineers and products. Cisco has a well-
defined, deliberate process by which it essentjalligs these resources into the parent’s processks
systems, and it has a carefully cultivated metHddeeping the engineers of the acquired company
happily on the Cisco payroll. In the process oégnation, Cisco throws away whatever nascent
processes and values came with the acquisition—dlsedaose weren’t what Cisco paid for. On a
couple of occasions when the company acquiredy@iamore mature organization—notably its 1996
acquisition of StrataCom—Cisco dndt integrate. Rather, it let StrataCom stand alond,iafused its
substantial resources into the organization to gjpw at a more rapid rafe.

On at least three occasions, Johnson & Johnsouadeaisacquisitions to establish a position in an
important wave of disruptive technology. Its busses in disposable contact lenses, endoscopic
surgery, and diabetes blood glucose meters weeeallired when they were small, were allowed to
stand alone, and were infused with resources. Bastbecome a billion-dollar business. Lucent
Technologies and Nortel followed a similar stratégycatching the wave of routers, based upon
packet-switching technology, that were disruptimgiit traditional circuit-switching equipment. But
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they made these acquisitions late and the firmg dloguired, Ascend Communications and Bay
Networks, respectively, were extraordinarily expeadvecause they had already created the new
market application, data networks, along with theemlarger Cisco Systems—and they were right on
the verge of attacking the voice network.

Creating New Capabilities Internally

Companies that have tried to develop new capaslitiithin established organizational units alscehav
a spotty track record, unfortunately. Assemblirgeafed-up set of resources as a means of changing
what an existing organization can do is relatisthaightforward. People with new skills can be tjre
technology can be licensed, capital can be raaed product lines, brands, and information can be
acquired. Too often, however, resources such ag thee then plugged into fundamentally unchanged
processes—and little change results. For exanipleugh the 1970s and 1980s Toyota upended the
world automobile industry through its innovationdaevelopment, manufacturing, and supply-chain
processes-without investing aggressively in resources suchdvanced manufacturing or
information-processing technology. General Motesponded by investing nearly $60 billion in
manufacturingesources—computer-automated equipment that was designeztitece cost and
improve quality. Using state-of-the-art resourceantiquated processes, however, made little
difference in General Motors’ performance, becauisein its processes and values that the
organization’s most fundamental capabilities lismdesses and values define how resources—many of
which can be bought and sold, hired and fired—arelined to create value.

Unfortunately, processes are very hard to changetwm reasons. The first is that organizational
boundaries are often drawn to facilitate the openadf present processes. Those boundaries can
impede the creation of new processes that cut athose boundaries. When new challenges require
different people or groups to interact differentign they habitually have done—addressing different
challenges with different timing than historicaligd been required—managers need to pull the
relevant people out of the existing organizatiod draw a new boundary around a new group. New
team boundaries enable or facilitate new pattefmgoking together that ultimately can coalesce as
new processes—new capabilities for transformingiimmto outputs. Professors Steven C.
Wheelwright and Kim B. Clark have called theseatites heavyweight teams.

The second reason new process capabilities argddelelop is that, in some cases, managers don’t
wantto throw the existing processes out—the method werfectly well in doing what they were
designed to do. As noted above, while resourcesttebe flexible and can be used in a variety of
situations, processes and values are by theirnagtyreinflexible Their veryraison d’étreis to cause

the same thing to be done consistently, over aed again. Processes are maaottto change.

When disruptive change appears on the horizon, geasaneed to assemble the capabilities to confront
the changdeforeit has affected the mainstream business. In atloeds, they need an organization

that is geared toward the new challenge beforelthene, whose processes are tuned to the existing
business model, has reached a crisis that demandarhental change.

Because of its task-specific nature, it is impdssib ask one process to do two fundamentally tfie
things. Consider the examples presented in chdpfer instance. The market research and planning
processes that are appropriate for the launchwfameducts into existing markets simply aren’t
capable of guiding a company into emerging, poddiined markets. And the processes by which a
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company would experimentally and intuitively fetsl way into emerging markets would constitute
suicide if employed in a well-defined existing mess. If a company needs to do both types of tasks
simultaneously, then it needs two very differerttgeisses. And it is very difficult for a single
organizational unit to employ fundamentally diffeteopposing processes. As shown below, this is
why managers need to create different teams, withich different processes to address new
problems can be defined and refined.

Creating Capabilities Through a Spin-out Organipati

The third mechanism for new capability creation—vspiag them within spin-out ventures—is
currentlyen vogueamong many managers as they wrestle with howdoead the Internet. When are
spin-outs a crucial step in building new capale#itto exploit change, and what are the guideliges b
which they should be managed? A separate orgamizestirequired when the mainstream
organization’svalueswould render it incapable of focusing resourcesh@ninnovation project. Large
organizations cannot be expected to allocate fribelycritical financial and human resources needed
build a strong position in small, emerging markétsd it is very difficult for a company whose cost
structure is tailored to compete in high-end maketbe profitable in low-end markets as well. When
a threatening disruptive technology requires aedéffit cost structure in order to be profitable and
competitive, or when the current size of the opypaty is insignificant relative to the growth neeafs
the mainstream organization, then—and only thena-Spin-out organization a required part of the
solution.

How separate does the effort need to be? The prinreguirement is that the project cannot be forced
to compete with projects in the mainstream orgdiundor resources. Because values are the criteria
by which prioritization decisions are made, praggatiat are inconsistent with a company’s mainstream
values will naturally be accorded lowest prioriyhether the independent organization is physically
separate is less important than is its independizaoethe normal resource allocation process.

In our studies of this challenge, we have neven seeompany succeed in addressing a change that
disrupts its mainstream values absent the persattahtive oversight of the CEO—precisely because
of the power of processes and values and partlgula logic of the normal resource allocation
process. Only the CEO can ensure that the new agém gets the required resources and is free to
create processes and values that are appropritte tew challenge. CEOs who view spin-outs as a
tool to get disruptive threats off of their persbagendas are almost certain to meet with failwe.
have seen no exceptions to this rule.

The framework summarized in Figure 8.1 can helpagars exploit the capabilities that reside in their
current processes and values when that is posaitdeto create new ones, when the present
organization is incapable. The left axis in Fig8re measures the extent to which the existing
processes—the patterns of interaction, communigcatioordination, and decision-making currently
used in the organization—are the ones that wiltigethew job done effectively. If the answer is yes
(toward the lower end of the scale), the projechagegr can exploit the organization’s existing
processes and organizational structure to sucéeedepicted in the corresponding position on the
right axis, functional or lightweight teams, asatésed by Clark and Wheelwright,are useful
structures for exploiting existing capabilities.dich teams, the role of the project manager is to
facilitate and coordinate work that is largely davithin functional organizations.
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Figure 8.1Fitting an Innovation’s Requirements with the Grgation’s Capabilities
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Note: The left and bottom axes reflect the questiba manager needs to ask about the existing
situations. The notes at the right side represtrgsappropriate response to the situation on tlfie le
axis. The notes at the top represent the appropri@esponse to the manager’s answer to the bottom
axis.

On the other hand, if the ways of getting work dand of decision-making in the mainstream business
would impede rather than facilitate the work of tieav team—because different people need to
interact with different people about different sdis and with different timing than has habituakgen
necessary—then a heavyweight team structure issane Heavyweight teams are tools to create new
processes—new ways of working together that cartetitew capabilities. In these teams, members do
not simply represent the interests and skills efrtfunction. They are charged to act like general
managers, and reach decisions and make tradesofisef good of theroject They typically are
dedicated and colocated.

The horizontal axis of Figure 8.1 asks manageessess whether the organization’s values will
allocate to the new initiative the resources it wded in order to become successful. If therepea,
disruptive fit, then the mainstream organizatioratues will accord low priority to the project.
Therefore, setting up an autonomous organizatidhimnvivhich development and commercialization
can occur will be absolutely essential to succksthe other extreme, however, if there is a strong
sustaining fit, then the manager can expect tleaettergy and resources of the mainstream
organization will coalesce behind it. There is eason for a skunk works or a spin-out in such cases

Region A in Figure 8.1 depicts a situation in whichanager is faced with a breakthrough but
sustaining technological change—it fits the orgatian’s values. But it presents the organizatiotiwi
different types of problems to solve and therefeires new types of interaction and coordination
among groups and individuals. The manager needawayteight development team to tackle the new
task, but the project can be executed within thenstiieam company. This is how Chrysler, Eli Lilly,
and Medtronic accelerated their product developrogcies so dramatically. Heavyweight teams are
the organizational mechanism that the managerBMfd disk drive division used to learn how to
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integrate components more effectively in their priddesigns, in order to wring 50 percent higher
performance out of the components they used. Midtssproject to develop and launch its Internet
browser was located in the Region A corner of fitamework. It represented an extraordinary, ditticu
managerial achievement that required different [getgpwork together in patterns different than any
ever used before within Microsoft. But it waswstainingtechnology to the company. Its customers
wanted the product, and it strengthened the conipamggral business model. There was, therefore,
no need to spin the project out into a completdhgiEnt organization.

When in Region B, where the project fits the cony@mprocesses and values, a lightweight
development team can be successful. In such teaondination across functional boundaries occurs
within the mainstream organization.

Region C denotes an area in which a manager id faith a disruptive technological change that
doesn't fit the organization’s existing processed @alues. To ensure success in such instances,
managers should create an autonomous organizatébocmmission a heavyweight development team
to tackle the challenge. In addition to the examgiéed in chapters 5, 6, and 7, many companies’
efforts to address the distribution channel cotsflareated by the Internet should be managedsn thi
manner. In 1999 Compaq Computer, for example, lagt@ business to market its computers direct to
customers over the Internet, so that it could camp®re effectively with Dell Computer. Within a

few weeks its retailers had protested so loudly @@mpaqg had to back away from the strategy. This
wasvery disruptive to the values, or profit model, of tempany and its retailers. The only way it
could manage this conflict would be to launch thed business through an independent company. It
might even need a different brand in order to marthg tension.

Some have suggested that Wal-Mart’s strategy ofagiag its on-line retailing operation through an
independent organization in Silicon Valley is fomitly, because the spin-out organization can'’t
leverage Wal-Mart’s extraordinary logistics managahprocesses and infrastructure. | believe the
spin-out was wise, however, based upon FigureT®é.on-line venture actually needs very different
logistics processes than those of its bricks-andanoperations. Those operations transport gogds b
the truckload. On-line retailers need to pick indial items from inventory and ship small packaiges
diverse locations. The venture is not only disgto Wal-Mart's values, but it needs to creat®vs
logistics processes as well. It needed to be sptiseparately.

Region D typifies projects in which products ongegs similar to those in the mainstream need to be
sold within a fundamentally lower overhead costitess model. Wal-Mart’'s Sam’s Clubs would fit in
this region. These, in fact, can leverage simigidtics management processes as the main company;
but budgeting, management, and P&L responsibiigds to be different.

Functional and lightweight teams are appropriatacles for exploiting established capabilities,
whereas heavyweight teams are tools for creatimgames. Spin-out organizations, similarly, are $ool
for forging new values. Unfortunately, most comgsnemploy a one-size-fits-all organizing strategy,
using lightweight teams for programs of every sind character. Among those few firms that have
accepted the “heavyweight gospel,” many have attednjp organize all of their development teams in
a heavyweight fashion. Ideally, each company shtaildr the team structure and organizational
location to the process and values required by peajbct.

In many ways, the disruptive technologies modael tiseory of relativity, because what is disruptwe
one company might have a sustaining impact on anoffor example, Dell Computer began by selling
computers over the telephone. For Dell, the inteato begin selling and accepting orders over the
Internet was austaininginnovation. It helped it make more money in the/\tavas already
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structured. For Compaq, Hewlett-Packard, and IBMydver, marketing direct to customers over the
Internet would have a powerfully disruptive impaldhe same is true in stock brokerage. For discount
brokers such as Ameritrade and Charles Schwab jwétcepted most of their orders by telephone,
trading securities on-line simply helped them distanore cost-effectively—and even offer enhanced
service relative to their former capabilities. Fali-service firms with commissioned brokers sush a
Merrill Lynch, however, on-line trading represeatpowerful disruptive threat.

SUMMARY

Managers whose organizations are confronting chamgst first determine that they have the resources
required to succeed. They then need to ask a degprastion: does the organization have the
processes and values to succeed? Asking this sec@stion is not as instinctive for most managers
because the processes by which work is done angathes by which employees make their decisions
have served them well. What | hope this framewalttsato managers’ thinking, however, is that the
very capabilities of their organizations also deftheir disabilities. A little time spent soul-sefaing

for honest answers to this issue will pay off hamdsly. Are the processes by which work habitually
gets done in the organization appropriate for el problem? And will the values of the organizatio
cause this initiative to get high priority, or emguish?

If the answer to these questions is no, it's ok#yderstanding problems is the most crucial step in
solving them. Wishful thinking about this issue &t teams charged with developing and
implementing an innovation on a course fraught wathdblocks, second-guessing, and frustration. The
reasons why innovation often seems to be so difffouestablished firms is that they employ highly
capable people, and then set them to work withicgsses and values that weren’t designed to
facilitate success with the task at hand. Ensuthag capable people are ensconced in capable
organizations is a major management responsililign age such as ours, when the ability to cope
with accelerating change has become so critical.

NOTES

1. See C. K. Prahalad, and Gary Hamel, “The Core @bemge of the Corporationfarvard Business
Review,1990.

2. Many of these ideas emerged from wonderful, sttiod discussions with doctoral students in the
Business Policy seminar at the Harvard Business@dietween 1993 and 1999. | wish to thank all of
those students, but in particular Don Sull, TomeBmann, Tomoyoshi Noda, Michael Raynor,
Michael Roberto, Deborah Sole, Clark Gilbert, anidiiel Overdorf for their contributions to these
ideas.

3. The most logical, comprehensive characterizatiqpracesses that we have seen is in David Garvin,
“The Processes of Organization and Managem&hbdn Management Revie@ummer, 1998. When
we use the term “processes,” we mean for it tauthelall of the types of processes that Garvin has
defined.

4. See Dorothy Leonard-Barton, “Core Capabilities @ode Rigidities: A Paradox in Managing New
Product DevelopmentStrategic Management Journ@3), 1992, 111-125. Professor Leonardi’s
work on this topic, in my opinion, constitutes fa@damental paradigm upon which much subsequent
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CHAPTERNINE

Performance Provided,
Market Demand, and the
Product Life Cycle

The graphs in this book showing the intersectingnelogy and market trajectories have proven useful
in explaining how leading firms can stumble fronspions of industry leadership. In each of the
several industries explored, technologists were @bprovide rates of performance improvement that
have exceeded the rates of performance improvetnainthe market has needed or was able to absorb.
Historically, when thigerformance oversupplyccurs, it creates an opportunity for a disruptive
technology to emerge and subsequently to invaddblksttied markets from below.

As it creates this threat or opportunity for a dgive technology, performance oversupply also
triggers a fundamental change in the basis of ctitigein the product’s market: The rank-orderirffg o
the criteria by which customers choose one produservice over another will change, signaling a
transition from one phase (variously defined by atggment theorists) to the next of the product life
cycle. In other words, the intersecting traject®é performance supplied and performance demanded
are fundamental triggers behind the phases inrbaupt life cycle. Because of this, trajectory maps
such as those used in this book usefully charaetéw an industry’s competitive dynamics and its
basis of competition are likely to change over time

As with past chapters, this discussion begins afittanalysis from the disk drive industry of what ca
happen when the performance supplied exceeds thestisademands. After seeing the same
phenomenon played out in the markets for accourstiritgyvare and for diabetes care products, the link
between this pattern and the phases of the prdi¢icicle will be clear.

PERFORMANCE OVERSUPPLY AND CHANGING BASES OF COMPET ITION

The phenomenon of performance oversupply is chamt&ure 9.1, an extract from Figure 1.7. It
shows that by 1988, the capacity of the averagén8ibdrive had finally increased to equal the
capacity demanded in the mainstream desktop pdrsomguter market, and that the capacity of the
average 5.25-inch drive had by that time surpasd®d the mainstream desktop market demanded by
nearly 300 percent. At this point, for the firshé& since the desktop market emerged, computer siaker
had a choice of drives to buy: The 5.25- and 3ch-idrivesboth provided perfectly adequate capacity.

What was the result? The desktop personal commakers began switching to 3.5-inch drives in
droves. Figure 9.2 illustrates this, using a stistin curve format in which the vertical axis mees
the ratio of new- to old-technology units sold 1885 this measure was .007, meaning that lesslthan
percent (.0069) of the desktop market had swit¢bede 3.5-inch format. By 1987, the ratio had
advanced 0.20, meaning that 16.7 percent of ths sald into this market that year were 3.5-inch
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drives. By 1989, the measure was 1.5, that is, fonly years after the 3.5-inch product had appeased
a faint blip on the radar screen of the marketcdounted for 60 percent of drive sales.

Why did the 3.5-inch drive so decisively conquex tlesktop PC market? A standard economic guess
might be that the 3.5-inch format represented aemsost-effective architecture: If there were nagken

any meaningful differentiation between two typepuaiducts (both had adequate capacity), price
competition would intensify. This was not the chsee, however. Indeed, computer makers had to pay,
on average, 20 percent more per megabyte to usachirives, and yet thestill flocked to the

product. Moreover, computer manufacturers optedhercostlier drive while facing fierce price
competition in their own product markets. Why?

Figure 9.1Intersecting Trajectories of Capacity Demandedug&Bapacity Supplied in Rigid Disk
Drives
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Source:Data are from various issuesoik/Trend Report.

Performance oversupply triggered a change in teeslzh competition. Once the demand for capacity
was satiated, other attributes, whose performaadebt yet satisfied market demands, came to be
more highly valued and to constitute the dimenseldonag which drive makers sought to differentiate
their products. In concept, this meant that thetrimoportant attribute measured on the vertical akis
figures such as 8.1 changed, and that new trajestof product performance, compared to market
demands, took shape.
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Specifically, in the desktop personal computer retplace between 1986 and 1988, the smallness of
the drive began to matter more than other featdies.smaller 3.5-inch drive allowed computer
manufacturers to reduce the size, or desktop foafmf their machines. At IBM, for example, the
large XT/AT box gave way to the much smaller PS2/B&neration machines.

Figure 9.2Substitution of 8-, 5.25-, and 3.5-Inch Drives 6ft8 100 MB
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Source:Data are from various issuesik/Trend Report.

For a time, when the availability of small drivad dot satisfy market demands, desktop computer
makers continued to pay a hefty premium for 3.3tiddves. In fact, using the hedonic regression
analysis described in chapter 4, the 1986 shadme for a one-cubic-inch reduction in the volume of
a disk drive was $4.72. But once the computer nsakad configured their new generations of desktop
machines to use the smaller drive, their demandJ¥en more smallness was satiated. As a result, the
1989 shadow price, or the price premium accordesiraller drives, diminished to $0.06 for a one-
cubic-inch reduction.

Generally, once the performance level demandedpafticular attribute has been achieved, customers
indicate their satiation by being less willing t@ypa premium price for continued improvement irt tha
attribute. Hence, performance oversupply triggesbiti in the basis of competition, and the craeri
used by customers to choose one product over angithages to attributes for which market demands
are not yet satisfied.

Figure 9.3 summarizes what seems to have happerbkd desktop PC market: The attribute measured
on the vertical axis repeatedly changed. Performanersupply in capacity triggered the first
redefinition of the vertical axis, from capacityghysical size. When performance on this new
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dimension satisfied market needs, the definitiopeformance on the vertical axis changed once
more, to reflect demand for reliability. For a tinpeoducts offering competitively superior shock
resistance and mean time between failure (MTBFeveecorded a significant price premium,
compared to competitive offerings. But as MTBF eslapproached one million hodrthe shadow

price accorded to an increment of one hundred hWdU®F approached zero, suggesting performance
oversupply on that dimension of product performafi¢e subsequent and current phase is an intense
price-based competition, with gross margins tungbbelow 12 percent in some instances.

WHEN DOES A PRODUCT BECOME A COMMODITY?

The process of commoditization of disk drives waBrekd by the interplay between the trajectories of
what the market demanded and what the technolggylisd. The 5.25-inch drive had become a price-
driven commodity in the desktop market by about8l%8hen the 3.5-inch drive was still at a premium
price. The 5.25-inch drive, in addition, even thoygiced as a commodity in desktop applications wa
at the same time, relative to 8-inch drives, adhggubstantial price premiums in higher-tier méske
As described in chapter 4, this explains the agiresnoves upmarket made by established
companies.

Figure 9.3Changes in the Basis of Competition in the DiskvBindustry
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A product becomes a commaodity within a specific kesasegment when the repeated changes in the
basis of competition, as described above, compiglaly themselves out, that is, when market needs
on each attribute or dimension of performance ten fully satisfied by more than one available
product. The performance oversupply framework melp kbonsultants, managers, and researchers to
understand the frustrated comments they regula&dy from salespeople beaten down in price
negotiations with customers: “Those stupid guys@asetreating our product like it was a commodity.
Can’t they see how much better our product is tharcompetition’s?” It may, in fact, be the casa&tth
the product offerings of competitors in a markettowe to be differentiated from each other. But
differentiation loses its meaning when the featams functionality have exceeded what the market
demands.

PERFORMANCE OVERSUPPLY AND THE EVOLUTION OF PRODUCT COMPETITION

The marketing literature provides numerous desongtof the product life cycle and of the ways in
which the characteristics of products within giwertiegories evolve over tinielhe findings in this

book suggest that, for many of these models, padiace oversupply is an important factor driving the
transition from one phase of the cycle to the next.
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Consider, for example, the product evolution modelled thebuying hierarchyby its creators,
Windermere Associates of San Francisco, Califomtach describes as typical the following four
phases: functionality, reliability, conveniencedaorice. Initially, when no available product shés

the functionality requirements the market, the $asicompetition, or the criteria by which product
choice is made, tends to be prodiucictionality.(Sometimes, as in disk drives, a market may cycle
through several different functionality dimensigr@nce two or more products credibly satisfy the
market’s demand for functionality, however, custosrean no longer base their choice of products on
functionality, but tend to choose a product anddegrbased oreliability. As long as market demand
for reliability exceeds what vendors are able e, customers choose products on this basis—and
the most reliable vendors of the most reliable potslearn a premium for it.

But when two or more vendors improve to the pdiat they more than satisfy the reliability
demanded by the market, the basis of competitidtsgb convenienceCustomers will prefer those
products that are the most convenient to use arggthendors that are most convenient to deal with.
Again, as long as the market demand for convenierceeds what vendors are able to provide,
customers choose products on this basis and rexeaidbrs with premium prices for the convenience
they offer. Finally, when multiple vendors offepackage of convenient products and services that
fully satisfies market demand, the basis of contipetishifts toprice. The factor driving the transition
from one phase of the buying hierarchy to the megerformance oversupply.

Another useful conception of industry evolutiomnulated by Geoffrey Moore in his bo@kossing

the Chasm® has a similar underlying logic, but articulates steges in terms of the user rather than the
product. Moore suggests that products are initiadlgd by innovators arghrly adoptersn an
industry—customers who base their choice solelyherproduct’s functionality. During this phase the
top-performing products command significant pricerpiums. Moore observes that markets then
expand dramatically after the demand for functidypah the mainstream market has been met, and
vendors begin to address the need for reliabilitpiag what he termsarly majoritycustomers. A third
wave of growth occurs when product and vendor loditg issues have been resolved, and the basis of
innovation and competition shifts to convenienbestpulling in théate majoritycustomers.

Underlying Moore’s model is the notion that teclogyl can improve to the point that market demand
for a given dimension of performance can be satiate

This evolving pattern in the basis of competitiomenf functionality, to reliability and convenience,
and finally to price—has been seen in many of thekets so far discussed. In fact, a key charatteris
of a disruptive technology is that it heralds ang®in the basis of competition.

OTHER CONSISTENT CHARACTERISTICS OF DISRUPTIVE TECH NOLOGIES

Two additional important characteristics of disiupttechnologies consistently affect product life
cycles and competitive dynamics: First, the attalsithat make disruptive products worthless in
mainstream markets typically become their strongelling points in emerging markets; and second,
disruptive products tend to be simpler, cheapet,raare reliable and convenient than established
products. Managers must understand these chasticteto effectively chart their own strategies for
designing, building, and selling disruptive produdiven though the specific market applications for
disruptive technologies cannot be known in advan@magers can bet on these two regularities.
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1. The Weaknesses of Disruptive Technologies Aeg& Slrengths

The relation between disruptive technologies aedotisis of competition in an industry is complex. |
the interplay among performance oversupply, thelycolife cycle, and the emergence of disruptive
technologies, it is often the very attributes tieatder disruptive technologies useless in mainstrea
markets that constitute their value in new markets.

In general, companies that have succeeded in digeupnovation initially took the characteristiaad
capabilities of the technology for granted and $obug find or create a new market that would value
accept those attributes. Thus, Conner Periphera¢éter a market for small drives in portable
computers, where smallness was valued; J. C. Bamafuod J. I. Case built a market for excavators
among residential contractors, where small bucketstractor mobility actually created value; and
Nucor found a market that didn’t mind the surfatenbshes on its thin-slab-cast sheet steel.

The companies toppled by these disruptive techmedogn contrast, each took the established market’
needsas given, and did not attempt to market the teldgyountil they felt it was good enough to be
valued in the mainstream market. Thus, Seagaterketas took the firm’s early 3.5-inch drives to
IBM for evaluation, rather than asking, “Wherehs tmarket that would actually value a smaller,
lower-capacity drive?” When Bucyrus Erie acquiresdHydrohoe hydraulic excavator line in 1951, its
managers apparently did not ask, “Where is the atdHat actuallyvantsa mobile excavator that can
only dig narrow trenches?” They assumed insteatkiieamarket needed the largest possible bucket
size and the longest possible reach; they juryedgipe Hydrohoe with cables, pulleys, clutches, and
winches and attempted to sell it to general exdawatontractors. When U.S. Steel was evaluating
continuous thin-slab casting, they did not ask, 8i¢his the market for low-priced sheet steel with
poor surface appearance?” Rather, they took gfanted that the market needed the highest-possible
guality of surface finish and invested more capita conventional caster. They applied to a disvep
innovation a way of thinking appropriate to a sumstey technology.

In the instances studied in this book, establighiets confronted with disruptive technology typigal
viewed their primary development challenge &schnologicalone: to improve the disruptive
technology enough that it suits known markets.dntast, the firms that were most successful in
commercializing a disruptive technology were thivaening their primary development challenge as a
marketingone: to build or find a market where product cotitime occurred along dimensions that
favored the disruptive attributes of the product.

It is critical that managers confronting disruptteehnology observe this principle. If history iy/a

guide, companies that keep disruptive technoldgited up in their labs, working to improve them
until they suit mainstream markets, will not benheas successful as firms that find markets that
embrace the attributes of disruptive technologsethay initially stand. These latter firms, by dheg a
commercial base and then moving upmarket, wilmatiely address the mainstream market much more
effectively than will firms that have framed distive technology as a laboratory, rather than a
marketing, challenge.

2. Disruptive Technologies Are Typically Simplehe@per, and More Reliable and Convenient than
Established Technologies
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When performance oversupply has occurred and aplige technology attacks the underbelly of a
mainstream market, the disruptive technology ofiecceeds both because it satisfies the markett nee
for functionality, in terms of the buying hierarctgnd because it is simpler, cheaper, and morbieli
and convenient than mainstream products. RecaleXample, the attack of hydraulic excavation
technology into the mainstream sewer and genecave®ion markets recounted in chapter 3. Once
hydraulically powered excavators had the strengthaindle buckets of 2 to 4 cubic yards of earth
(surpassing the performance demanded in mainstneankets), contractors rapidly switched to these
products even though the cable-actuated machinesaapable of moving even more earth per scoop.
Because both technologies provided adequate buaketity for their needs, contractors opted for the
technology that was most reliable: hydraulics.

Because established companies are so prone tdgusigh-performance, high-profit products and
markets, they find it very difficult not to overldaheir first disruptive products with features and
functionality. Hewlett-Packard’s experience in d@sng its 1.3-inch Kittyhawk disk drive teachestjus
this lesson. Unable to design a product that wag simple and cheap, Kittyhawk’s champions pushed
its capacity to the limits of technology and gamevels of shock resistance and power consumption
that would make it competitive as a sustaining pobdWhen very high volume applications for a
cheap, simple, single-function, 10 MB drive begaeinerge, HP’s product was not disruptive enough
to catch that wave. Apple committed a similar emostretching the functionality of its Newton,

instead of initially targeting simplicity and retidity.

PERFORMANCE OVERSUPPLY IN THE ACCOUNTING SOFTWARE M ARKET

Intuit, the maker of financial management softw&dnown primarily for its extraordinarily
successful personal financial software pack&ecken. Quickedominates its market because it is
easy and convenient. Its makers pride themselvéiseofact that the vast majority Quicken
customers simply buy the program, boot it up ofir tb@mputers, and begin using it without having to
read the instruction manual. Its developers made @onvenient to use, and continue to make it
simpler and more convenient, by watching how custsimisethe product, not by listening to what
they or the “experts” say they need. By watchingsimall hints of where the product might be difftcu
or confusing to use, the developers direct thedrgies toward a progressively simpler, more
convenient product that provides adequate, rattzer superior, functionality.

Less well known is Intuit's commanding 70 percdmre of the North American small business
accounting software mark&tntuit captured that share as a late entrant vitHannchedQuickbooksa
product based on three simple insights. First,iptesly available small business accounting packages
had been created under the close guidance ofiedritiblic accountants and required users to have a
basic knowledge of accounting (debits and credgsets and liabilities, and so on) and to makeyever
journal entry twice (thus providing an audit tfait each transaction). Second, most existing paekag
offered a comprehensive and sophisticated arragpafrts and analyses, an array that grew ever more
complicated and specialized with each new releaske®gelopers sought to differentiate their products
by offering greater functionality. And third, 85rpent of all companies in the United States weoe to
small to employ an accountant: The books were kgphe proprietors or by family members, who had
no need for or understanding of most of the enaresreports available from mainstream accounting
software. They did not know what an audit trail ylasalone sense a need to use one.
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Scott Cook, Intuit’s founder, surmised that mosth&fse small companies were run by proprietors who
relied more on their intuition and direct knowledgfeéhe business than on the information contained
accounting reports. In other words, Cook decided titie makers of accounting software for small
businesses had overshot the functionality requisethat market, thus creating an opportunity for a
disruptive software technology that provided adéguaot superior functionality and was simple and
more convenient to use. Intuit’s disrupti@eickbookshanged the basis of product competition from
functionality to convenience and captured 70 peroéits market within two years of its introduatié

In fact, by 199%Quickbooksaccounted for a larger share of Intuit’'s reverthas didQuicken.

The response of established makers of small buse@unting software to Intuit’s invasion, quite
predictably, has been to move upmarket, contintormglease packages loaded with greater
functionality; these focus on specific market sgipsents, targeted at sophisticated users of
information systems at loftier tiers of the mark@t.the three leading suppliers of small business
accounting software (each of which claimed aboup&@ent of the market in 1992), one has
disappeared and one is languishing. The thirdmtasduced a simplified product to counter the
success oQuickbooksput it has claimed only a tiny portion of the metrk

PERFORMANCE OVERSUPPLY IN THE PRODUCT LIFE CYCLE OF INSULIN

Another case of performance oversupply and disraggchnology precipitating a change in the basis
of competition—and threatening a change in induisaglership—is found in the worldwide insulin
business. In 1922, four researchers in Torontodscessfully extracted insulin from the pancrease
of animals and injected it, with miraculous result$o humans with diabetes. Because insulin was
extracted from the ground-up pancreases of cowpmsi improving the purity of insulin (measured
in impure parts per million, or ppm) constitutedraical trajectory of performance improvement.
Impurities dropped from 50,000 ppm in 1925 to 10,Pm in 1950 to 10 ppm in 1980, primarily as
the result of persistent investment and efforth®/world’s leading insulin manufacturer, Eli Lilynd
Company.

Despite this improvement, animal insulins, whicé slightly different from human insulin, caused a
fraction of a percent of diabetic patients to buifdresistance in their immune systems. Thus, #819
Eli Lilly contracted with Genentech to create garadly altered bacteria that could produce insulin
proteins that were the structural equivalent of Annmsulin proteins and 100 percent pure. The ptoje
was technically successful, and in the early 198&8fer a nearly $1 billion investment, Lilly introded
its Humulin-brand insulin to the market. Priceca&5 percent premium over insulins of animal
extraction, because of its human equivalence anplitity, Humulin was the first commercial-scale
product for human consumption to emerge from tlogelshnology industry.

The market’s response to this technological mirdubevever, was tepid. Lilly found it very difficuid
sustain a premium price over animal insulin, aredgtowth in the sales volume of Humulin was
disappointingly slow. “In retrospect,” noted a kilesearcher, “the market was not terribly disfiatis
with pork insulin. In fact, it was pretty happy tit.”® Lilly had spent enormous capital and
organizational energy overshooting the market’satearfor product purity. Once again, this was a
differentiated product to which the market did aotord a price premium because the performance it
provided exceeded what the market demanded.
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Meanwhile, Novo, a much smaller Danish insulin mrialkes busy developing a line of insupens,a
more convenient way for taking insulin. Conventibngeople with diabetes carried a separate
syringe, inserted its needle into one glass insuéih pulled its plunger out to draw slightly mditen

the desired amount of insulin into the syringe, haldl up the needle and flicked the syringe several
times to dislodge any air bubbles that clung todylender walls. They generally then had to repbest
process with a second, slower acting type of ins@inly after squeezing the plunger slightly tactor
any remaining bubbles—and, inevitably, some instut of the syringe could they inject themselves
with the insulin. This process typically took owetdvo minutes.

Novo’s pen, in contrast, held a cartridge contajrarcouple of weeks’ supply of insulin, usually
mixtures of both the fast-acting and the graduadlgased types. People using the Novo pen simply
had to turn a small dial to the amount of insutieyt needed to inject, poke the pen’s needle uger t
skin, and press a button. The procedure took kessten seconds. In contrast to Lilly’s struggle to
command a premium price for Humulin, Novo’s conegriipens easily sustained a 30 percent price
premium per unit of insulin. Through the 1980s,gaited largely by the success of its line of pems a
pre-mixed cartridges, Novo increased its shar@@ftorldwide insulin market substantially—and
profitably. Lilly’s and Novo’s experiences offerrtber proof that a product whose performance
exceeds market demands suffers commodity-likemgjaivhile disruptive products that redefine the
basis of competition command a premium.

Teaching the Harvard Business School case to exeswind MBA students about Lilly overshooting
the market demand for insulin purity has been dnmayomost interesting professional experiences. In
every class, the majority of students quickly pauon Lilly for having missed something so
obvious—that only a fraction of a percent of peopith diabetes develop insulin resistance—and that
the differentiation between highly purified porlsiin at 10 ppm and perfectly pure Humulin was not
significant. Surely, they assert, a few simple ®gwups in which patients and doctors were asked
whether they wanted purer insulin would have gikiély adequate guidance.

In every discussion, however, more thoughtful stislsoon begin to sway class opinion toward the
view that (as we have seen over and over) whaivugas in retrospect might not be at all obvious in
the thick of battle. Of all the physicians to whaitly’s marketers listened, for example, which ones
tended to carry the most credibility? Endocrinodtgwhose practices focused on diabetes care, the
leading customers in this business. What sortatépts are most likely to consume the professional
interests of these specialists? Those with the ambsinced and intractable problems, among which
insulin resistance was prominent. What, therefarre these leading customers likely to tell Lilly’s
marketers when they asked what should be donepmira the next-generation insulin product?
Indeed, the power and influence of leading custsrigea major reason why companies’ product
development trajectories overshoot the demandsagistream markets.

Furthermore, thoughtful students observe that illd/mot even occur to most marketing managers to
ask the question of whether a 100 percent pure hunsalin might exceed market needs. For more
than fifty years in a very successful company witvery strong culture, greater purity was the very
definition of a better product. Coming up with puirgsulins hadalwaysbeen the formula for staying
ahead of the competition. Greater purity laaslaysbeen a catching story that the salesforce cowdd us
to attract the time and attention of busy physigiaithat in the company’s history would cause its
culture-based assumptions suddenly to change siedetutives to begin asking questions that never
before had needed to be answeted?
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CONTROLLING THE EVOLUTION OF PRODUCT COMPETITION

Figure 9.4 summarizes the model of performancesongaly, depicting a multi-tiered market in which
the trajectory of performance improvement demarimethe market is shallower than the trajectory of
improvement supplied by technologists. Hence, ¢iaclof the market progresses through an
evolutionary cycle marked by a shifting basis favgquct choice. Although other terms for product lif
cycles would yield similar results, this diagranesishe buying hierarchy devised by Windermere
Associates, in which competition centers first ondtionality, followed by reliability, convenience,
and, finally, price. In each of the cases reviewsetthis chapter, the products heralding shiftshim t
basis of competition and progression to the nexdlpet life cycle phase were disruptive technologies

Figure 9.4Managing Changes in the Basis of Competition

Functionality

The figure shows the strategic alternatives avhal&dcompanies facing performance oversupply and
the consequent likelihood that disruptive approack change the nature of competition in their
industry. The first general option, labeled strgt&égand the one most commonly pursued in the
industries explored in this book, is to ascendithgectory of sustaining technologies into everieig

tiers of the market, ultimately abandoning lower-tustomers when simpler, more convenient, or less
costly disruptive approaches emerge.

A second alternative, labeled strategy 2, is tociman lock-step with the needs of customers invemi
tier of the market, catching successive waves ahghk in the basis of competition. Historically sthi
appears to have been difficult to do, for all af tkasons described in earlier chapters. In treopat
computer industry, for example, as the functiogalitdesktop machines came to satiate the demands
of the lower tiers of the market, new entrants sagiDell and Gateway 2000 entered with value
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propositions centered on convenience of purchageis@. In the face of this, Compaq responded by
actively pursuing this second approach, aggressfigiiting any upmarket drift by producing a line o
computers with low prices and modest functiondbigeted to the needs of the lower tiers of the
market.

The third strategic option for dealing with thegmamics is to use marketing initiatives to steefhen
slopes of the market trajectories so that custohensand the performance improvements that the
technologists provide. Since a necessary conditiothe playing out of these dynamics is that the
slope of the technology trajectory be steeper thammarket'’s trajectory, when the two slopes are
parallel, performance oversupply—and the progresmm one stage of the product life cycle to the
next—adoes not occur or is at least postponed.

Some computer industry observers believe that MaftpIntel, and the disk drive companies have
pursued this last strategy very effectively. Miafb$as used its industry dominance to create and
successfully market software packages that consnassive amounts of disk memory and require
ever-faster microprocessors to execute. It hagnéisdly, increased the slopes of the trajectasies
improvement in functionality demanded by their onsérs to parallel the slope of improvement
provided by their technologists. The effect of tliategy is described in Figure 9.5, depictinggnec
events in the disk drive industry. (This chart updahrough 1996 the disk drive trajectory map in
Figure 1.7) Notice how the trajectories of capacity demanideitie mid-range, desktop, and notebook
computer segments kinked upward in the 1990s aguath that essentially paralleled the capacity
path blazed by the makers of 3.5-inch and 2.5-tisk drives. Because of this, these markets have no
experienced performance oversupply in recent yd#rs.2.5-inch drive remains locked within the
notebook computer market because capacity demand#te desktop is increasing at too brisk a pace.
The 3.5-inch drive remains solidly ensconced indbgktop market, and the 1.8-inch drive has
penetrated few notebook computers, for the sansnsaln this situation, the companies whose
products are positioned closest to the top of thekat, such as Seagate and IBM, have been the most
profitable, because in the absence of technologysoypply, a shift in the stages of the product life
cycle at the high end of the market has been hdldya

Figure 9.5Changed Performance Demand Trajectories and theri@dfimpact of Disruptive
Technologies
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Source:An earlier version of this figure was publisheddlayton M. Christensen, “The Rigid Disk
Drive Industry: A History of Commercial and Techagical Turbulence,Business History Reviedv,
no. 4 (Winter 1993): 559.

It is unclear how long the marketers at Microshiftel, and Seagate can succeed in creating demand
for whatever functionality their technologists campply. Microsoft'sExcelspreadsheet software, for
example, required 1.2 MB of disk storage capadaitys version 1.2, released in 1987. Its versi@n 5.
released in 1995, required 32 MB of disk storagmctdy. Some industry observers believe that if a
team of developers were to watch typical usery, wuld find that functionality has substantially
overshot mainstream market demands. If true, thikdccreate an opportunity for a disruptive
technology—applets picked off the internet and usedimple internet appliances rather than in full-
function computers, for example—to invade this reaifkom below.

RIGHT AND WRONG STRATEGIES

Which of the strategies illustrated in Figure &d€est? This study finds clear evidence that tiseme

one best strategy. Any of the three, consciousigyrd, can be successful. Hewlett-Packard’s pursuit
of the first strategy in its laser jet printer mess has been enormously profitable. In this itstaih

has been a safe strategy as well, because HR@kiat its own position with disruptive ink-jet
technology. Compaq Computer and the trinity oflit#&crosoft, and the disk drive makers have
successfully—at least to date—implemented the skaod third strategies, respectively.

These successful practitioners have in common #pgarent understanding—whether explicit or
intuitive—of both their customers’ trajectoriesrafed and their own technologists’ trajectories of
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supply. Understanding these trajectories is thet&ekeir success thus far. But the list of firatt

have consistently done this is disturbingly shigibst well-run companies migrate unconsciously #® th
northeast, setting themselves up to be caughtdyaage in the basis of competition and an attaark fr
below by disruptive technology.

NOTES

1. In disk drive industry convention, a mean timensn failure measure of one million hours means
that if one million disk drives were turned on sitaneously and operated continuously for one hour,
one of those drives would fail within the first ou

2. Three of the earliest and most influential papleas proposed the existence of product life cycles
were Jay W. Forrester, “Industrial Dynamicsldrvard Business Revieduly—August, 1958, 9-14;
Arch Patton, “Stretch Your Products’ Earning YeaiBsp Management’s Stake in the Product Life
Cycle,” Management Revie(@8), June, 1959, 67-79; and William E. Cox, “RrcicLife Cycles as
Marketing Models,”Journal of Businesgl0), October, 1967, 375. Papers summarizing ¢tneeptual
and empirical problems surrounding the productdifele concept include Nariman K. Dhalla and
Sonia Yuspeh, “Forget the Product Life Cycle Comedarvard Business Reviedanuary—February,
1976, 102-112; David R. Rink and John E. Swan, dBecbLife Cycle Research: A Literature
Review,” Journal of Business Researd®79, 219; and George S. Day, "The Product Lifel€y
Analysis and Applications Issuesi®urnal of Marketing45), Fall, 1981, 60—67. A paper by Gerard J.
Tellis and C. Merle Crawford, “An Evolutionary Apgach to Product Growth Theorydbdurnal of
Marketing(45), Fall, 1981, 125-132, contains a cogentquréiof the product life cycle concept, and
presents a theory of product evolution that presaggny of the ideas presented in this section.

3. Geoffrey A. MooreCrossing the ChasrifiNew York: HarperBusiness, 1991).

4. The same behavior characterized the emergenaarafigte radios. In the early 1950s, Akio Morita,
the chairman of Sony, took up residence in an iapgjye New York City hotel in order to negotiate a
license to AT&T’s patented transistor technologyjeh its scientists had invented in 1947. Morita
found AT&T to be a less-than-willing negotiator amald to visit the company repeatedly badgering
AT&T to grant the license. Finally AT&T relentedft@r the meeting ended in which the licensing
documents were signed, an AT&T official asked Morithat Sony planned to do with the license. “We
will build small radios,” Morita replied. “Why wodlanyone care about smaller radios?” the official
gueried. “We’'ll see,” was Morita’s answer. Severainths later Sony introduced to the U.S. market
the first portable transistor radio. According lhe dominant metrics of radio performance in the
mainstream market, these early transistor radiags weally bad, offering far lower fidelity and much
more static than the vacuum tube-based tabletaps#oht were the dominant design of the time. But
rather than work in his labs until his transistadios were performance-competitive in the major
market (which is what most of the leading electteratompanies did with transistor technology),
Morita instead found a market that valued thelaitas of the technology as it existed at the timee—t
portable personal radio. Not surprisingly, non¢hefleading makers of tabletop radios became a
leading producer of portable radios, and all weitgsequently driven from the radio market. (This
story was recounted to me by Dr. Sheldon Weinitye@ vice chairman for manufacturing and
technology of Sony Corporation.)

5. John Case, “Customer Service: The Last War;” MagazineApril, 1991, 1-5.

6. This information in this section was given to thehor by Scott Cook, the founder and chairman of
Intuit Corporation, and by Jay O’Connor, marketmgnager foQuickbooks.

7. Cook recounts that in the process of designirighple and convenient accounting software
package, Intuit's developers arrived at a profounseght. The double-entry accounting system
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originally developed by Venetian merchants to catgtihmetical mistakes continued to be used in
every available package of accounting software—elrengh computers typically do not make
mistakes in addition and subtraction. Intuit walke dab greatly simplify its product by eliminatingis
unneeded dimension of product functionality.

8. See “Eli Lilly & Co.: Innovation in Diabetes Catéjarvard Business School, Case No. 9-696-077.
This case notes that although Lilly was not abladisieve premium pricing for its Humulin insulib, i
benefited from the investment. Humulin protecteltiylagainst a possible shortfall in the pancreas
supply, threatened by declining red meat consumpéiad it gave Lilly a very valuable experience and
asset base in the volume manufacturing of bioergatedrugs.

9. Once such minority opinions have been raiseddas;imany students then begin to see that
institutions widely regarded as among the best-mg@th@and most successful in the world may have
overshot what their mainstream markets demand, foteexample, has always measured the speed of
its microprocessors on the vertical axis of itd@@nance graphs. It has always assumed that the
market demands ever-faster microprocessors, adémse to the tune of billions of dollars in profit
has certainly confirmed that belief. Certainly sdeeding-edge customers need chips that process
instructions at rates of 200, 400, and 800 MHz. \Bl&t about the mainstream market? Is it possible
that sometime soon the speed and cost of Intelismeroprocessors might overshoot market
demands? And if technology oversupply is possibey will thousands of Intel employees be able to
recognize when this has occurred, accepting thegeheith enough conviction to completely alter the
trajectory of their development efforts? Discerniaghnology oversupply is difficult. Doing somethin
about it is even more so.
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CHAPTERTEN

Managing Disruptive
Technological Change:
A Case Study

As we approach the end of this book, we shoul®bettderstand why great companies can stumble.
Incompetence, bureaucracy, arrogance, tired exechtood, poor planning, and short-term investment
horizons obviously have played leading roles irptimg many companies. But we have learned here
that even the best managers are subject to céatasnthat make disruptive innovation difficult.igt

when great managers haven't understood or havajiitel to fight these forces that their companies
have stumbled.

This chapter uses the forces and principles destiitb earlier chapters to illustrate how managars c
succeed when faced with disruptive technology chafg do so, | employ a case study format, using a
personal voice, to suggest how I, as a hypotheticgdloyee of a major automaker, might manage a
program to develop and commercialize one of thet m@sng innovations of our day: the electric
vehicle. My purpose here is explicitiypt to offer any so-called right answer to this paiiac

challenge, nor to predict whether or how electgbicles may become commercially successful.
Rather, it is to suggest in a familiar but chali@ggcontext how managers might structure their
thinking about a similar problem by proposing awsatce of questions that, if asked, can lead to a
sound and useful answer.

HOW CAN WE KNOW IF A TECHNOLOGY IS DISRUPTIVE?

Electric-powered vehicles have hovered at the &iablegitimacy since the early 1900s, when they
lost the contest for the dominant vehicle desiggasoline power. Research on these vehicles
accelerated during the 1970s, however, as polidgensancreasingly looked to them as a way to
reduce urban air pollution. The California Air Resmes Board (CARB) forced an unprecedented
infusion of resources into the effort in the edr®90s when it mandated that, starting in 1998, no
automobile manufacturer would be allowed to aalfcars in California if electric vehicles did not
constitute at least 2 percent of its unit salethénstate.

In my hypothetical responsibility for managing annamaker’s program, my first step would be to ask
a series of questions: How much do we need to walsout electric cars? That is, aside from
California’s mandate, does the electric car polsgidimate disruptive threat to companies making
gasoline-powered automobiles? Does it constitutepgrortunity for profitable growth?

To answer these questions, | would graph the ti@jes of performance improvement demanded in
the market versus the performance improvement mgply the technology; in other words, | would
create for electric vehicles a trajectory map samib those in Figures 1.7 or 9.5. Such chartshere
best method | know for identifying disruptive techogies.
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The first step in making this chart involves defgpicurrent mainstream market needs and comparing
them with the current capacity of electric vehiclés measure market needs, | would watch carefully
what customerdo, not simply listen to what thegay.Watching how customers actually use a product
provides much more reliable information than camgleeaned from a verbal interview or a focus
group? Thus, observations indicate that auto users toelyire a minimum cruising range (that is, the
distance that can be driven without refueling) lmdat 125 to 150 miles; most electric vehicles only
offer a minimum cruising range of 50 to 80 milesniarly, drivers seem to require cars that acaeker
from 0 to 60 miles per hour in less than 10 secgndsessary primarily to merge safely into high-
speed traffic from freeway entrance ramps); masttak vehicles take nearly 20 seconds to get there
And, finally, buyers in the mainstream market detharwide array of options, but it would be
impossible for electric vehicle manufacturers tieoa similar variety within the small initial unit
volumes that will characterize that busingg&cording to almost any definition of functionglitssed

for the vertical axis of our proposed chart, treceic vehicle will be deficient compared to a dass
powered car.

This information is not sufficient to character&ectric vehicles as disruptive, however. They will
only be disruptive if we find that they are alsoatrajectory of improvement that might someday
make them competitive in parts of the mainstreamrkataTo assess this possibility, we need to ptojec
trajectories measuring the performance improverdentanded in the market versus the performance
improvement that electric vehicle technology mayvte. If these trajectories are parallel, then
electric vehicles are unlikely to become factorthe mainstream market; but if the technology will
progress faster than the pace of improvement deetaimdthe market, then the threat of disruption is
real.

Figure 10.1 shows that the trajectories of perferteamprovement demanded in the market—whether
measured in terms of required acceleration, crgisamge, or top cruising speed—atre relatively flat.
This is because traffic laws impose a limit ontisefulness of ever-more-powerful cars, and
demographic, economic, and geographic considewationit the increase in commuting miles for the
average driver to less than 1 percent per yéartthe same time, the performance of electric slekiis
improving at a faster rate—between 2 and 4 pengenyear—suggesting that sustaining technological
advances might indeed carry electric vehicles ftoeir position today, where they cannot compete in
mainstream markets, to a position in the futureretieey might

In other words, as an automotive company execuitmeuld worry about the electric vehicle, not just
because it is politically correct to be investingenvironmentally friendly technologies, but be@aus
electric vehicles have the smell of a disruptivehteology. They can’'t be used in mainstream markets;
they offer a set of attributes that is orthogooahiose that command attention in the gasoline-padve
value network; and the technology is moving ahdafaster rate than the market’s trajectory ofthee

Because electric vehicles are not sustaining inth@vs, however, mainstream automakers naturally
doubt that there is a market for them—another spmpif a disruptive innovation. Consider this
statement by the director of Ford’s electric vehiotogram: “The electric Ranger will sell at
approximately $30,000 and have a lead-acid battetywill give it a range of 50 miles . . . . Th@9B
electric vehicle will be a difficult sell. The prodts that will be available will not meet customer
expectations in terms of range, cost or utilftyrideed, given their present performance alongethes
parameters, it will be about as easy to sell ateeghicles into the mainstream car market as € toa
sell 5.25-inch disk drives to mainframe computekena in 1980.
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Figure 10.1The Electric Car
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Source:Data are from Dr. Paul J. Miller, Senior Energyléw| W. Alton Jones Foundation and from
numerous articles about electric vehicles.

In evaluating these trajectories, | would be cdriflkkeep asking the right question: Will the tagy
of electric vehicle performance ever intersecttthgctory ofmarketdemands (as revealed in the way
customerausecars)? Industry experts may contend that elecéfacles will never perform as well as
gasoline-powered cars, in effect comparing thettayies of the tweéechnologiesThey are probably
correct. But, recalling the experience of theirmeuparts in the disk drive industry, they will leathe
right answer to the wrong question. | also woultenbut not be deterred by, the mountain of expert
opinion averring that without a major technologibedakthrough in battery technology, there will
never be a substantial market for electric vehiclég reason? If electric vehicles are viewed as a
sustaining technologfpr established market value networks, they agarty right. But because the
track records of experts predicting the naturesinel of markets for disruptive technologies is very
poor, | would be particularly skeptical of the exgeskepticism, even as | remain uncertain aboyt m
own conclusions.

WHERE IS THE MARKET FOR ELECTRIC VEHICLES?
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Having decided that electric vehicles are a paadigtdisruptive technology, my next challenge would
be to define a marketing strategy that could legccampany to a legitimate, unsubsidized market in
which electric cars might first be used. In forntinlg this marketing strategy, | would apply three
findings from earlier chapters in this book.

First, | would acknowledge that, by definitiaectric vehicles cannot initially be used in maiaam
applicationsbecause they do not satisfy the basic performeempgrements of that market. | would
therefore be sure thaverybodyhavinganythingto do with my program understands this point:
Although we don’t have a clue about where the nagkeghe one thing we know for certain is that it
isn’t in an established automobile market segment.dadlyi | would expect most automakers to focus
precisely and myopically on the mainstream markeglise of the principle of resource dependence
and the principle that small markets don’t solve ghowth and profit needs of big companies. | would
not, therefore, follow the lead of other automakemy search for customers, because | would
recognize that their instincts and capabilitiesléeely to be trained on the wrong tardet.

Nonetheless, my task is to find a market in whiadtehicles can be used, because the early entrants
into disruptive technology markets develop capaédithat constitute strong advantages over later
entrants. They’re the ones that, from a profitddalsiness base in this beachhead market, will most
successfully throw impetus behind the sustainimgpwuations required to move the disruptive
technology upmarket, toward the mainstream. Holdiagk from the market, waiting for laboratory
researchers to develop a breakthrough battery odofpy, for example, is the path of least resistance
for managers. But this strategy lasely proven to be a viable route to success with aidtsre
innovation.

Historically, as we have seen, the very attribtites make disruptive technologies uncompetitive in
mainstream markets actually countpasitiveattributes in their emerging value network. Irkdis
drives, the smallness of 5.25-inch models made tinemsable in large computers but very useful on
the desktop. While the small bucket capacity araitsieach of early hydraulic excavators made them
useless in general excavation, their ability tophgcise, narrow trenches made them useful in
residential construction. Odd as it sounds, theeefowould direct my marketers to focus on
uncoveringsomewhera group of buyers who have an undiscovered neeal ¥ehicle that accelerates
relatively slowly and can’t be driven farther thEB0 miles!

The second point on which | would base my markegipgroach is thato one can learn from market
research what the early market(s) for electric eés will be.l can hire consultants, but the only thing
| can know for sure is that their findings will a@ong. Nor can customers tell me whether or how the
might use electric vehicles, becatiseywill discover how they might use the productshat same

time aswe discover it—just as Honda’s Supercub opened aoraséen new application for
motorbiking. The only useful information about tin@rket will be what | create through expeditions
into the market, through testing and probing, @iadl error, by selling real products to real peoyie
pay real mone§.Government mandates, incidentally, are likelyisiadt rather than solve the problem
of finding a market. | would, therefore, force nmganization to live by its wits rather than to rely
capricious subsidies or non-economic—based Caldoegulation to fuel my business.

The third point is that my business plan must béaa forlearning, not one for executing a
preconceived strategy. Although I will do my bestit the right market with the right product ahe t
right strategy the first time out, there is a hpyhbability that a better direction will emergeths
business heads toward its initial target. | mustdafore plan to be wrong and to learn what is raght
fast as possiblél cannot spend all of my resources or all of myamizational credibility on an all-or-
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nothing first-time bet, as Apple did with its Newtor Hewlett-Packard did with its Kittyhawk. | need
to conserve resources to get it right on the secorklird try.

These three concepts would constitute the foundationy marketing strategy.

Potential Markets: Some Speculation

What might emerge as the initial value networkedlactric vehicles? Again, though it is impossilde t
predict, it almost surely will be one in which tiweaknesses of the electric vehicle will be seen as
strengths. One of my students has suggested thatatients of high school students, who buy their
children cars for basic transportation to and fswhool, friends’ homes, and school events, might
constitute a fertile market for electric vehicl&iven the option, these parents might see theustod
simplicity, slow acceleration, and limited drivingnge of electric vehicles as veatgsirableattributes

for their teenagers’ cars—especially if they weygesl with teenagers in mind. Given the right
marketing approach, who knows what might happen®akher generation met a lot of nice people on
their Hondas.

Another possible early market might be taxis orlsparcel delivery vehicles destined for the
growing, crowded, noisy, polluted cities of Soutsteasia. Vehicles can sit on Bangkok’s roads all
day, mostly idling in traffic jams and never accateng above 30 miles per hour. Electric motors
would not need to run and hence would not drairbtiteery while idling. The maneuverability and
ease of parking of these small vehicles would lohktiathal attractions.

These or similar market ideas, whether or not tilegnately prove viable, are at least consisternhwi
the way disruptive technologies develop and emerge.

How Are Today’s Automobile Companies Marketing tEled/ehicles?

The strategy proposed here for finding and definigginitial market for electric vehicles stands in
stark contrast to the marketing approaches beied hg today’s major automakers, each of which is
struggling to sell electric vehicles into its mamneam market in the time-honored tradition of
established firms mishandling disruptive technatsgiConsider this statement made in 1995 by
William Glaub, Chrysler general sales manager,udising his company’s planned offering for 198.

Chrysler Corporation is preparing to provide arcile powered version of our slick new minivan in
time for the 1998 model year. After an in-depthdgtof the option between a purpose-built vehicld an
modification of an existing platform, the choicetbé minivan to use as an electric powered platform
in retrospect, is an obvious best choice for us.@perience shows that fleets will likely be trestb
opportunity to move any number of these vehicles. . The problem that we faceristin creating an
attractive package. The new minivan is an attragti@ckage. The problem is that sufficient energy
storage capacity is not available on board thecke

To position its offering in the mainstream mark&tyysler has had to pack its minivan with 1,600
poundsof batteries. This, of course, makes its accat@rahuch slower, its driving range shorter, and
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its braking distance longer than other availabkogae-powered automobiles. Because of the way
Chrysler has positioned its electric vehicle, irnduanalysts naturally compare it to gasoline-pauder
minivans, using the metrics paramount in the mesash value network. At an estimated cost of
$100,000 (compared with $22,000 for the gasolinegred model), nobody in their right mind would
consider buying Chrysler’s product.

Chrysler's marketers are, naturally enough, vesspristic about their ability to sedhy electric
minivans in California, despite the government’snaete that they do so. William Glaub, for example,
continued the remarks cited above with the follayatservation:

Markets are developed with fine products that ausie desire to own. No salesman can take marginal
product into the marketplace and have any hopstabéshing a sustainable consumer base.
Consumers will not be forced into a purchase they tlo not want. Mandates will not work in a
consumer-driven, free market economy. For elegglucles to find a place in the market, respectable
products comparable to today’s gasoline-poweresl warst be availabfé.

Chrysler's conclusion is absolutely correct, gitiea way its marketers have framed their challéfige.
Mainstream customers caeveruse a disruptive technology at its outset.

WHAT SHOULD BE OUR PRODUCT, TECHNOLOGY, AND DISTRIB UTION
STRATEGIES?

Product Development for Disruptive Innovations

Guiding my engineers in designing our initial etexcvehicle will be a challenge, because of thesila
chicken-and-egg problem: Without a market, themoi®bvious or reliable source of customer input;
without a product that addresses customers’ néleeise can be no market. How can we design a
product in such a vacuum? Fortunately, the priesiglescribed in this book give us some help.

The most valuable guidance comes frdmapter Qwhich indicated that the basis of competition wil
change over a product’s life cycle and that thdecg€ evolution itself is driven by the phenomerain
performance oversupply, that is, the condition ol the performance provided by a technology
exceeds the actual needs of the market. Histoyigadirformance oversupply opens the door for
simpler, less expensive, and more convenient—andstlalways disruptive—technologies to enter.

Performance oversupply indeed seems to have occurautos. There are practical limits to the size
of auto bodies and engines, to the value of gaiognfO to 60 in fewer seconds, and to the consumer’s
ability to cope with overchoice in available opsofhus, we can safely predict that the basis of
product competition and customer choice will shiftay from these measures of functionality toward
other attributes, such as reliability and convecger his is borne out by the nature of the most
successful entrants into the North American madkeing the past thirty years; they have succeeded
not because they introduced products with supésimstionality, but because they competed on the
basis of reliability and convenience.

Toyota, for example, entered the U.S. market wdlsimple, reliable Corona, establishing a low-end
market position. Then, consistent with the inexteaitraction to migrate upmarket, Toyota introdlice

164



models, such as Camry, Previa, and Lexus, withcéektures and functionality, creating a vacuum at
the low end of the market into which entrants saglsaturn and Hyundai have entered. Saturn’s
strategy has been to characterize the customeiig experience of buying and owning the vehicle as
reliable and convenient, but it, too, judging byeaet reports> will soon take its turn moving

upmarket, creating a new vacuum at the low en@v¥en simpler, more convenient transportation.

In all likelihood, therefore, the winning designtire first stages of the electric vehicle race bl
characterized by simplicity and convenience antllv@lincubated in an emerging value network in
which these attributes are important measureslaev&ach of the disruptive technologies studied in
this book has been smaller, simpler, and more auaméthan preceding products. Each was initially
used in a new value network in which simplicity ammhvenience were valued. This was true for
smaller, simpler disk drives; desktop and porta@ol@puters; hydraulic backhoes; steel minimills as
opposed to integrated mills; insulin-injecting passopposed to syring&s.

Using these qualities as my guiding principlespolld instruct my design engineers to proceed
according to the following three criteria.

First, this vehicle must bample, reliable, and conveniefthat probably means, for example, that
figuring out a way to recharge its batteries quickising the commonly available electrical service,
would be an immutable technological objective.

Second, because no one knows the ultimate mark#étdgroduct or how it will ultimately be used, we
must design a product platform in whiidature, function, and styling changes can be nopdekly

and at low costAssuming, for example, that the initial customferselectric vehicles will be parents
who buy them for their teenaged children to drivamd from school, friends’ homes, and activities,
the first model would have features and stylingrappate and appealing to teenagers. But, although
we may target this market first, there’s a highbatality that our initial concept will prove wron§o
we’ve got to get the first models done fast an@@hoestring—Ileaving ample budget to get it right
once feedback from the market starts coming in.

Third, we mushit a low price pointDisruptive technologies typically have a lovetickerprice per

unit than products that are used in the mainstreaem though their cost in use is often higher. Wha
enabled the use of disk drives in desktop computassnot just their smaller size; it was their lomt
price, which fit within the overall price pointsahpersonal computer makers needed to hit. The pric
per megabytef the smaller disk drives was always higher ttwarthe larger drives. Similarly, in
excavators the prigeer excavatowas lower for the early hydraulic models thantfa established
cable-actuated ones, but their total cost per cydnid of earth moved per hour was much higher.
Accordingly, our electric vehicle must have a low8cker price than the prevailing price for gaseti
powered cars, even if the operating cost per nmileed is higher. Customers have a long track record
of paying price premiums for convenience.

Technology Strategy for Disruptive Innovations

Our technology plan cannot call for any technolablireakthroughs on the path critical for the
project’s success. Historically, disruptive teclogiés involve no new technologies; rather, they
consist of components built around proven techrniekgnd put together in a novel product
architecture that offers the customer a set obatis never before available.
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The major automakers engaged in electric vehickeldpment today all maintain that a breakthrough
in battery technology is absolutely essential befdectric vehicles can be commercially viable nJoh
R. Wallace, of Ford, for example, has stated tHeviang:

The dilemma is that today’s batteries cannot satigfse consumer needs. As anybody who is familiar
with today’s battery technology will tell you, etec vehicles are not ready for prime time. Alltbg
batteries expected to be available in 1998 falttsbiothe 100-mile range [required by consumerse T
only solution for the problems of range and cogtnigroved battery technology. To ensure a
commercially successful electric vehicle markeg, ficus of our resources should be on the
development of battery technology. Industry effeush as those through the U.S. Advanced Battery
consortium, along with cooperative efforts amorgkctric vehicle stakeholders—such as utilities,
battery companies, environmentalists, regulatodscamverters—are the most effective way to ensure
the marketability of electric vehicléS.

William Glaub, of Chrysler, takes a similar positidThe advanced lead-acid batteries that will be
used will provide less than the fuel storage edaiveof two gallons of gasoline. This is like lelagi
home %/ery day with the ‘low fuel’ light on. In @hwords, the battery technology is simply not
ready.™

The reason these companies view a breakthroughtier technology as the critical bottleneck to the
commercial success of electric vehicles, of coussthat their executives have positioned theirdain

and their products in the mainstream market. Fay€lér, this means an electric minivan; for Foml, a
electric Ranger. Given this position, they mustwgla sustaining technological impact from what is
inherently a disruptive technology. They need akifgrough in battery technology because they made
the choice to somehow position electric vehiclea agstaining technology. A battery breakthrough is
not likely to be required of companies whose execstsigoose to harness or account for the basic laws
of disruptive technology by creating a market inehtthe weaknesses of the electric vehicle become
its strengths.

Where will advances in battery technology evenyuedime from? Looking at the historical record, we
can assert the following. The companies that utiégaachieve the advances in battery technology
required to power cars for 150-mile cruises (ifythee ever developed) will be those that pioneer th
creation of a new value network using proven tetdmoand then develop the sustaining technologies
needed to carry them upward into more attractivekata?® Our finding that well-managed companies
are generally upwardly mobile and downwardly imn@hiherefore, suggests that the impetus to find
the battery breakthrough will indeed be strongestrag the disruptive innovators, which will have

built a low-end market for electric vehicles beftmgng to move upmarket toward the larger, more
profitable mainstream.

Distribution Strategy for Disruptive Innovations

It has almost always been the case that disruptiveucts redefine the dominant distribution chasnel
because dealers’ economics—their models for howake money—are powerfully shaped by the
mainstream value network, just as the manufactigge. Sony’s disruptive introduction of convenient
and reliable portable transistorized radios arevtsions shifted the dominant retail channel from
appliance and department stores with expensive sajgport and field service networks (required for
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sets built with vacuum tubes) to volume-orientesy-bverhead discount retailers. Honda’s disruptive
motorbikes were rejected by mainstream motorcyekdats, forcing the company to create a new
channel among sporting goods retailers. We savacit) that a major reason why Harley-Davidson’s
small-bike initiative failed is that its dealerge@ted it: The image and economics of the smdibia
bikes Harley had acquired did not fit its dealetwoek.

The reason disruptive technologies and new digtahichannels frequently go hand-in-hand is, in

fact, an economic one. Retailers and distributens to have very clear formulas for making monsy, a
the histories of Kresge and Woolworth in chaptehdwed. Some make money by selling low volumes
of big-ticket products at high margins; others maianey by selling large volumes at razor-thin
margins that cover minimal operating overheadl;ahers make their money servicing products
already sold. Just as disruptive technologies ddrilte models of established firms for improving
profits, they often don't fit the models of thelistributors,either.

My electric vehicle program would, therefore, hagea basic strategic premise the need to find or
create new distribution channels for electric vifsicUnless proven otherwise, I'd bet that maimstre
dealers of gasoline-powered automobiles would rew the sorts of disruptive electric vehicles we
have in mind as critical to their success.

WHAT ORGANIZATION BEST SERVES DISRUPTIVE INNOVATION S?

After identifying the electric vehicle as a potaititi disruptive technology; setting realistic beays for
finding its potential markets; and establishingigtgic parameters for the product’s design, tedgyol
and distribution network, as program manager | wadxt turn to organization. Creating an
organizational context in which this effort can gwer will be crucial, because rational resource
allocation processes in established companiesstently deny disruptive technologies the resources
they need to survive, regardless of the commitraenior management may ostensibly have made to
the program.

Spinning Off an Independent Organization

As we saw in the discussion of resource dependerad®apter 5, established firms that successfully
built a strong market position in a disruptive teclogy were those that spun off from the mainstream
company an independent, autonomously operated iaegeom. Quantum, Control Data, IBM’s PC
Division, Allen Bradley, and Hewlett-Packard’s dgekinitiative all succeeded because they created
organizations whose survival was predicated upeoessful commercialization of the disruptive
technology: These firms embedded a dedicated argaon squarely within the emerging value
network.

As program manager, therefore, | would stronglyeurgrporate management to create an independent
organization to commercialize electric vehicle taabgy, either an autonomous business unit, such as
GM’s Saturn Division or the IBM PC Division, or amdependent company whose stock is largely
owned by the corporation. In an independent orgdinia, my best employees would be able to focus
on electric vehicles without being repeatedly witiwin from the project to solve pressing problents fo
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customers who pay the present bills. Demands fronown customers, on the other hand, would help
us to focus on and lend impetus and excitementitgugram.

An independent organization would not only makeuese dependence work for us rather than against
us, but it would also address the principle thaalsmarkets cannot solve the growth or profit pevbé

of large companies. For many years into the futilve market for electric vehicles will be so sntladt

this business is unlikely to contribute signifidsurio the top or bottom lines of a major automaker’
income statement. Thus, since senior managerese tompanies cannot be expected to focus either
their priority attention or their priority resouscen electric vehicles, the most talented manamwls
engineers would be unlikely to want to be assodiatih our project, which must inevitably be seen a
a financially insignificant effort: To secure thenn futures within the company, they naturallylwil
want to work on mainstream programs, not periphemab.

In the early years of this new business, ordersilely to be denominated in hundreds, not tens of
thousands. If we are lucky enough to get a few wiimsy almost surely will be small ones. In a small
independent organization, these small wins willegate energy and enthusiasm. In the mainstream,
they would generate skepticism about whether weldheven be in the business. | want my
organization’scustomergo answer the question of whether we should likarbusiness. | don’t want
to spend my precious managerial energy constarfgnding our existence to efficiency analysts in
the mainstream.

Innovations are fraught with difficulties and urteémties. Because of this, | waaltvaysto be sure that
the projects that | manage are positioned diramtlyhe path everyone believes the organization must
take to achieve higher growth and greater profitgbif my program is widely viewed as being orath
path, then | have confidence that when the inelatploblems arise, somehow the organization will
work with me to muster whatever it takes to solven and succeed. If, on the other hand, my program
is viewed by key people as nonessential to thenigtion’s growth and profitability, or even worse,
viewed as an idea that migitodeprofits, then even if the technology is simples groject will fail.

| can address this challenge in one of two wagsuld convince everyone in the mainstream (in their
headsandtheir guts) that the disruptive technology is piedifie, or | could create an organization that
is small enough, with an appropriate cost structine my program can be viewed as being on its
critical path to success. The latter alternative fiar more tractable management challenge.

In a small, independent organization | will moteely be able to create an appropriate attitude tdwa
failure. Our initial stab into the market is ndtdly to be successful. We will, therefore, need the
flexibility to fail, but to fail on asmallscale, so that we can try again without havingrdged our
credibility. Again, there are two ways to create goper tolerance toward failure: change the &lue
and culture of the mainstream organization or ereatew organization. The problem with asking the
mainstream organization to be more tolerant oftadding and failure is that, in general, we domént
to tolerate marketing failure when, as is mostroftes case, we are investing in sustaining tectgyolo
change. The mainstream organization is involvetdlkimg sustaining technological innovations into
existing markets populated by known customers vaiearchable needs. Getting it wrong the first
time is not an intrinsic part of these processeshSnnovations are amenable to careful planniry an
coordinated execution.

Finally, | don’t want my organization to have potkéat are too deep. While | don’t want my people
to feel pressure to generate significant profittf@ mainstream company (this would force us into a
fruitless search for an instant large market), hithem to feetonstantpressure to find some way—
someset of customersomewhere-to make our small organization cash-positive asda possible.
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We need a strong motivation to accelerate throbhghrials and errors inherent in cultivating a new
market.

Of course, the danger in making this unequivockifeaspinning out an independent company is that
some managers might apply this remedy indiscrimsigatviewing skunkworks and spinoffs as a
blanket solution—an industrial-strength aspirintthares all sorts of problems. In reality, spinning

Is an appropriate step only when confronting disuggnnovation. The evidence very strong that
large, mainstream organizations can be extremelgtise in developing and implementisgstaining
innovations? In other words, the degree of disruptiveness iefitein an innovation provides a fairly
clear indication of when a mainstream organizatioght be capable of succeeding with it and when it
might be expected to fail.

In this context, the electric vehicle is not onlgiaruptive innovation, but it involves massive
architectural reconfiguration as well, a reconfagion that must occur not only within the product
itself but across the entire value chain. From prement through distribution, functional groupslwil
have to interface differently than they have ewadble. Hence, my project would need to be managed
as a heavyweight team in an organization indepdrafehe mainstream company. This organizational
structure cannot guarantee the success of ourieleehicle program, but it would at least allow my
team to work in an environment that accounts father than fights, the principles of disruptive
innovation.

NOTES

1.1n 1996, the state government delayed implemeanmtatf this requirement until the year 2002, in
response to motor vehicle manufacturers’ protésts given the performance and cost of the vehicles
they had been able to design, there was no denoarmdeictric vehicles.

2. An excellent study on this subject is summarizeBorothy Leonard-Bartoyellsprings of
Knowledgeg(Boston: Harvard Business School Press, 1995).

3. This information was taken from an October 199%4/ey conducted by The Dohring Company and
guoted by the Toyota Motor Sales Company at the BARalifornia Air Resources Board) Workshop
on Electric Vehicle Consumer Marketability heldBEhMonte, California, on June 28, 1995.

4. This information was provided by Dr. Paul J. MijI8enior Energy Fellow, W. Alton Jones
Foundation, Inc., Charlottesville, Virginia. It wasgmented with information from the following
sources: Frank Keith, Paul Norton, and Dana Sues#otElectric Vehicles: Promise and Reality
(California State Legislative Report [19], No. 10)y, 1994); W. P. Egafglectric Cars(Canberra,
Australia: Bureau of Transport Economics, 1974)niebSperling Future Drive: Electric Vehicles and
Sustainable Transportatiof¥washington, D.C.: Island Press, 1995); and Wiilidamilton,Electric
Automobile{New York: McGraw Hill Company, 1980).

5. Based on the graphs in Figure 10.1, it will takeray time for disruptive electric vehicle techngyo

to become competitive in mainstream markets ifreitates of improvement resemble those of the
past. The historical rate of performance improvengrof course, no guarantee that the futurecate
be maintained. Technologists very well might ruto imsurmountable technological barriers. What we
cansay for sure, however, is that the incentive efuptive technologists to find some way to engineer
around such barriers will be just as strong asliti@acentive that established car makers will feel
move down-market. If present rates of improvementiaue, however, we would expect the cruising
range of electric cars, for example, to interseith ¥he average range demanded in the mainstream
market by 2015, and electric vehicle acceleratomtersect with mainstream demands by 2020.

169



Clearly, as will be discussed below, it will be @al for electric vehicle innovators to find markéhat
value the attributes of the technology as it cutyas capable, rather than waiting until the teclogy
improves to the point that it can be used in thensteeam market.

6. This statement was made by John R. Wallace, DiredtElectric Vehicle Programs, Ford Motor
Company, at the CARB Workshop on Electric Vehicten€umer Marketability held at EI Monte,
California, on June 28, 1995.

7.1t is remarkable how instinctively and consistgmgbod companies try to force innovations toward
their existing base of customers, regardless otlvdrdhey are sustaining or disruptive in character
We have seen this several times in this book: anle, in mechanical excavators, where Bucyrus
Erie tried with its “Hydrohoe” to make hydraulicayvation technology work for mainstream
excavation contractors; in motorcycles, where Habavidson tried to launch low-end brand name
bikes through its dealer network; and in the elestehicle case described here, in which Chrysler
packed nearly a ton of batteries into a minivarai@@s Ferguson and Charles Morris, in their book
Computer Warsrecount a similar story about IBM’s efforts to amercialize Reduced Instruction Set
Computing (RISC) microprocessor technology. RISG waented at IBM, and its inventors built
computers with RISC chips that were “screamingst.fdBM subsequently spent massive amounts of
time, money, and manpower trying to make the RIB§ work in its main line of minicomputers. This
required so many design compromises, howeverthlegirogram was never successful. Several key
members of IBM’s RISC team left in frustration, sefuently playing key roles in establishing the
RISC chipmaker MIPS and Hewlett-Packard’s RISC ¢hipiness. These efforts were successful
because, having accepted the attributes of theuptddr what they were, they found a market, in
engineering workstations, that valued those attieaBM failed because it tried to force the
technology into a market it had already found. reséngly, IBM ultimately built a successful busése
around a RISC-architecture chip when it launcheavin engineering workstation. See Charles
Ferguson and Charles MorrSpmputer WargNew York: Time Books, 1994).

8. The notion that non-existent markets are bestarebed through action, rather than through passive
observation, is explored in Gary Hamel and C. Kahfad, “Corporate Imagination and Expeditionary
Marketing,”Harvard Business Revieduly—August, 1991, 81-92.

9. The concept that business plans dealing with gisre innovations should be plans for learning
rather than plans for executing a preconceivedegiyas taught clearly by Rita G. McGrath and lan
MacMillan in “Discovery-Driven Planning,Harvard Business Revieduyly—August, 1995, 44-54.

10. Jeffrey Thoresen Severts, “Managing InnovatiorecElc Vehicle Development at Chrysler,”
Harvard Business School MBA student paper, 1996opy of this paper is available on request from
Clayton Christensen, Harvard Business School.

11.Glaub’s remarks were made in the context of thi@dCaia Air Resources Board mandate that by
1998 all companies selling gasoline-powered vekirldhe state must, in order to sell any cardlat a
sell enough electric-powered vehicles to constifupercent of their total vehicle unit sales in stege.
As already noted, the state government, in 199@ydd implementation of that requirement until
2002.

12. This statement was made by William Glaub, Gengsa#és Manager, Field Sales Operations,
Chrysler Corporation, at the CARB Workshop on Hied¥ehicle Consumer Marketability held in El
Monte, California, on June 28, 1995; see p. 5 efdbmpany’s press release about the workshop.

13. Ibid.

14.1t is important to note that these statisticsGarysler’s offering were determined by Chrysler’s
efforts to commercialize the disruptive technolotpgy are not intrinsic to electrically powered
vehiclesper se.Electric vehicles designed for different, lightikrty applications, such as one by
General Motors, have driving ranges of up to 10@si(See Jeffrey Thoresen Severts, “Managing
Innovation: Electric Vehicle Development at Chryslélarvard Business School student paper, 1996.)
15. See, for example, Gabriella Stern and Rebecca &lisirin, “GM Is Expected to Back Proposal for
Midsize Version of Saturn CarThe Wall Street JournaMay 24, 1996, B4.
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16. This list of smaller, simpler, more convenientrdfive technologies could be extended to include
a host of others whose histories could not be sopemto this book: tabletop photocopiers; surgical
staplers; portable, transistorized radios and t&il@vs; helican scan VCRs; microwave ovens; bubble
jet printers. Each of these disruptive technologi@s grown to dominate both its initial and its
mainstream markets, having begun with simplicitg aanvenience as their primary value
propositions.

17.The notion that it takes time, experimentatiord &ral and error to achieve a dominant product
design, a very common pattern with disruptive tedbgies, is discussed later in this chapter.

18. This statement was made by John R. Wallace, af,Fadithe CARB Workshop on Electric Vehicle
Consumer Marketability held in EI Monte, Californ@n June 28, 1995; see p. 5 of the company’s
press release.

19.Glaub, statement made at the CARB Workshop.

20. Two excellent articles in which the relative rotggproduct development and incremental versus
radical technology development are researched ndsted are Ralph E. Gomory, “From the ‘Ladder
of Science’ to the Product Development Cycledrvard Business RevieMovember-December,
1989, 99-105, and Lowell Steele, “Managers’ Misaptions About TechnologyHarvard Business
Review,1983, 733-740.

21.In addition to the findings from the disk driveidy summarized in chapters 1 and 2 that
established firms were able to muster the whereabithlead in extraordinarily complex and risky
sustaining innovations, there is similar evidemoenf other industries; see, for example, Marco tgnsi
“Technology Integration: Managing Technological Exmn in a Complex EnvironmentResearch
Policy 24, 1995, 521-542.
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CHAPTERELEVEN

The Dilemmas of Innovation:
A Summary

One of the most gratifying outcomes of the reseagpbrted in this book is the finding that managing
better, working harder, and not making so many dumdtakes is not the answer to the innovator’s
dilemma. This discovery is gratifying because Idhaever met a group of people who are smarter or
work harder or are as right so often as the masddarow. If finding better people than these wibie
answer to the problems posed by disruptive teclyiedo the dilemma would indeed be intractable.

We have learned in this book that in their strdigfard search for profit and growth, some very
capable executives in some extraordinarily sucaéssimpanies, using the best managerial techniques,
have led their firms toward failure. Yet companiesst not throw out the capabilities, organizational
structures, and decision-making processes thatinade them successful in their mainstream markets
just because they don’t work in the face of disigtechnological change. The vast majority of the
innovation challenges they will face are sustainmgharacter, and these are just the sorts of
innovations that these capabilities are designeddkie. Managers of these companies simply need to
recognize that these capabilities, cultures, aadtjpes are valuable only in certain conditions.

| have found that many of life’s most useful inggyhare often quite simple. In retrospect, manyhef t
findings of this book fit that mold: Initially theseemed somewhat counterintuitive, but as | came to
understand them, the insights were revealed adesiamgl sensible. | review them here, in the hope th
they will prove useful to those readers who maybestling with the innovator’s dilemmas.

First, the pace of progress that markets demand or cntaimay be different from the progress
offered by technology. This means that productsdbanot appear to be useful to our customers today
(that is, disruptive technologies) may squarelyradsl their needs tomorrow. Recognizing this
possibility, we cannot expect our customers to leatbward innovations that they do not now need.
Therefore, while keeping close to our customeenigmportant management paradigm for handling
sustaining innovations, it may provide misleadiagadfor handling disruptive ones. Trajectory maps
can help to analyze conditions and to reveal whitthation a company faces.

Secondmanaging innovation mirrors the resource allocapimcess: Innovation proposals that get the
funding and manpower they require may succeedgtgo®n lower priority, whether formally or de
facto, will starve for lack of resources and hatteelchance of success. One major reason for the
difficulty of managing innovation is the complexity managing the resource allocation process. A
company’s executives may seem to make resourceaéitbm decisions, but the implementation of
those decisions is in the hands of a staff whoséaevh and intuition have been forged in the
company’s mainstream value network: They understamat the company should do to improve
profitability. Keeping a company successful regsiiteat employees continue to hone and exercise that
wisdom and intuition. This means, however, thatl ather alternatives that appear to be financially
more attractive have disappeared or been eliminatadagers will find it extraordinarily difficulbt

keep resources focused on the pursuit of a disteiptichnology.
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Third, just as there is a resource allocation side toyamaovation problem, matching the market to

the technology is another. Successful companies hgracticed capability in taking sustaining
technologies to market, routinely giving their @reers more and better versions of what they say the
want. This is a valued capability for handling sirsing innovation, but it will not serve the purpos
when handling disruptive technologies. If, as nsgicessful companies try to do, a company stretches
or forces a disruptive technology to fit the neeflsurrent, mainstream customers—as we saw happen
in the disk drive, excavator, and electric vehinustries—it is almost sure to fail. Historicalthe

more successful approach has been to find a nekeiriziat values the current characteristics of the
disruptive technology. Disruptive technology shobdframed as a marketing challenge, not a
technological one.

Fourth, the capabilities of most organizations are faraersgecialized and context-specific than most
managers are inclined to believe. This is becaapalilities are forged within value networks. Hence
organizations have capabilities to take certain temlinologies into certain markets. They have
disabilities in taking technology to market in atlays. Organizations have the capability to takera
failure along some dimensions, and an incapacitgleyate other types of failure. They have the
capability to make money when gross margins aomatievel, and an inability to make money when
margins are at another. They may have the capatmlinanufacture profitably at particular ranges of
volume and order size, and be unable to make mertbydifferent volumes or sizes of customers.
Typically, their product development cycle timesidne steepness of the ramp to production that they
can negotiate are set in the context of their vaktork.

All of these capabilities—of organizations andmdividuals—are defined and refined by the types of
problems tackled in the past, the nature of whaf&lso been shaped by the characteristics of the
value networks in which the organizations and iitlials have historically competed. Very often, the
new markets enabled by disruptive technologiesirequery different capabilities along each of these
dimensions.

Fifth, in many instances, the information required to enlakge and decisive investments in the face of
disruptive technology simply does not exist. Itae& be created through fast, inexpensive, and
flexible forays into the market and the producteTisk is very high that any particular idea akiet
product attributes or market applications of aufiive technology may not prove to be viable. Failu
and interative learning are, therefore, intrinsithte search for success with a disruptive teclgyolo
Successful organizations, which ought not and catuherate failure in sustaining innovations, fihd
difficult simultaneously to tolerate failure in digptive ones.

Although the mortality rate for ideas about disruptechnologies is high, the overall business of
creating new markets for disruptive technologiesdieot be inordinately risky. Managers who don’t
bet the farm on their first idea, who leave roontryo fail, learn quickly, and try again, can suedet
developing the understanding of customers, markets technology needed to commercialize
disruptive innovations.

Sixth,it is not wise to adopt a blanket technology swggtto be always a leader or always a follower.
Companies need to take distinctly different postwtepending on whether they are addressing a
disruptive or a sustaining technology. Disruptineavations entail significant first-mover advantsige
Leadership is important. Sustaining situations, éxav, very often do not. The evidence is quitergjro
that companies whose strategy is to extend th@meaice of conventional technologies through
consistent incremental improvements do about asaselompanies whose strategy is to take big,
industry-leading technological leaps.
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Seventhand last, the research summarized in this boogesig that there are powerful barriers to
entry and mobility that differ significantly fronhé types defined and historically focused on by
economists. Economists have extensively describeakbs to entry and mobility and how they work.
A characteristic of almost all of these formulagphowever, is that they relatettongs,such as assets
or resources, that are difficult to obtain or regle? Perhaps the most powerful protection that small
entrant firms enjoy as they build the emerging ratglor disruptive technologies is that they armglo
something that it simply does not make sense ®e8tablished leaders to do. Despite their
endowments in technology, brand names, manufagtyriowess, management experience, distribution
muscle, and just plain cash, successful compawieslated by good managers have a genuinely hard
time doing what does not fit their model for howntake money. Because disruptive technologies
rarely make sense during the years when investitigem is most important, conventional managerial
wisdom at established firms constitutes an entdyranbility barrier that entrepreneurs and investors
can bank on. It is powerful and pervasive.

Established companiesin surmount this barrier, however. The dilemmas pdsednovators by the
conflicting demands of sustaining and disruptivehtelogies can be resolved. Managers must first
understand what these intrinsic conflicts are. Tifvey need to create a context in which each
organization’s market position, economic structaeelopmental capabilities, and values are
sufficiently aligned with the power of their custera that they assist, rather than impede, the very
different work of sustaining and disruptive innawat | hope this book helps them in this effort.

NOTES

1. By thingsl mean barriers such as proprietary technologyieghip of expensive manufacturing
plants with large minimum efficient manufacturingakes; pre-emption of the most powerful
distributors in major markets; exclusive controkefy raw materials or unique human resources; the
credibility and reputation that comes from stromgral names; cumulative production experience
and/or the presence of steep economies of scalesaan. The seminal work on entry barriers from an
economist’s perspective is Joseph B&arriers to New Competitio(Cambridge, MA: Harvard
University Press, 1956); see also Richard Cavesviaddael Porter, “From Entry Barriers to Mobility
Barriers,”Quarterly Journal of Economiq®1), May, 1977, 241-261.
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The Innovator’'s Dilemma
Book Group Guide

The summary and questions in this guide are dedigmstimulate thinking and discussion abdhée
Innovator’s Dilemmahow its findings are manifest in many industrieday, and the implications of
those findings for the future.

Thesis of the Book

In The Innovator’'s Dilemmarofessor Clayton Christensen asks the questiory. dtwell-managed
companies fail? He concludes that they often fadduse the very management practices that have
allowed them to become industry leaders also nmiadetiemely difficult for them to develop the
disruptive technologies that ultimately steal awasir markets.

Well-managed companies are excellent at develap@gustaining technologies that improve the
performance of their products in the ways that emati their customers. This is because their
management practices are biased toward:

Listening to customers
Investing aggressively in technologies that givesthcustomers what they say they want
Seeking higher margins

Targeting larger markets rather than smaller ones

Disruptive technologies, however, are distinctlifedent from sustaining technologies. Disruptive
technologies change the value proposition in a gtalhen they first appear, they almost always
offer lower performance in terms of the attribufest mainstream customers care about. In computer
disk drives, for example, disruptive technologiasénalways had less capacity than the old
technologies. But disruptive technologies have roétieibutes that a few fringe (generally new)
customers value. They are typically cheaper, smaispler, and frequently more convenient to use.
Therefore, they open new markets. Further, beoaitkeexperience and sufficient investment, the
developers of disruptive technologies will alwaygprove their products’ performance, they eventually
are able to take over the older markets. This ¢aibse they are able to deliver sufficient perforoean

on the old attributers, and they add some new ones.

The Innovator’s Dilemmadescribes both the processes through which disripgchnologies supplant
older technologies and the powerful forces withellwnanaged companies that make them unlikely to
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develop those technologies themselves. Professist@isen offers a framework of four Principles of
Disruptive Technology to explain why the managenpgattices that are the most productive for
exploiting existing technologies are antiproductivgen it comes to developing disruptive ones. And,
finally, he suggests ways that managers can hathess principles so that their companies can
become more effective at developing for themsetresiew technologies that are going to capture
their markets in the future.

Principles of Disruptive Technology
1. Companies Depend on Customers and InvestoRdsources
In order to survive, companies must provide custsraed investors with the products,
services, and profits that they require. The higpegorming companies, therefore, have well-
developed systems for killing ideas that their cosdrs don’t want. As a result, these
companies find it very difficult to invest adequagsources in disruptive technologies—lower-
margin opportunities that their customers don't tvaantil their customers want them. And by
then, it is too late.

2. Small Markets Don’t Solve the Growth Needs ofgeaCompanies

To maintain their share prices and create intesppbrtunities for their employees, successful
companies need to grow. It isn’t necessary that itherease their growth rates, but they must
maintain them. And as they get larger, they neerkasing amounts of new revenue just to
maintain the same growth rate. Therefore, it besopnegressively more difficult for them to
enter the newer, smaller markets that are destmbdcome the large markets of the future. To
maintain their growth rates, they must focus ogdamarkets.

3. Markets That Don’t Exist Can’t Be Analyzed

Sound market research and good planning followeeggution according to plan are the
hallmarks of good management. But companies whossiment processes demand
guantification of market size and financial retubedore they can enter a market get paralyzed
when faced with disruptive technologies becausg deenand data on markets that don't yet
exist.

4. Technology Supply May Not Equal Market Demand

Although disruptive technologies can initially b&ed only in small markets, they eventually
become competitive in mainstream markets. Thigabse the pace of technological progress
often exceeds the rate of improvement that maiastreustomers want or can absorb. As a
result, the products that are currently in the sa@gam eventually will overshoot the
performance that mainstream markets demand, wielelisruptive technologies that
underperform relative to customer expectationfiérhainstream market today may become
directly competitive tomorrow. Once two or more gwots are offering adequate performance,
customers will find other criteria for choosing.€de criteria tend to move toward reliability,
convenience, and price, all of which are areashitiwthe newer technologies often have
advantages.

A big mistake that managers make in dealing witl technologies is that they try to fight or
overcome the Principles of Disruptive Technologpphing the traditional management practices that
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lead to success with sustaining technologies alweads to failure with disruptive technologies, say
Professor Christensen. The more productive routéhwoften leads to success, he says, is to
understand the natural laws that apply to disrepchnologies and to use them to create new nsarket
and new products. Only by recognizing the dynarofdsow disruptive technologies develop can
managers respond effectively to the opportunitias they present.

Specifically, he advises managers faced with disragechnologies to:
1. Give responsibility for disruptive technologtesorganizations whose customers need them
so that resources will flow to them.

2. Set up a separate organization small enoughttexgited by small gains.

3. Plan for failure. Don’t bet all your resourceslzeing right the first time. Think of your
initial efforts at commercializing a disruptive lewlogy as learning opportunities. Make
revisions as you gather data.

4. Don't count on breakthroughs. Move ahead eadyfimd the market for the current attributes
of the technology. You will find it outside the cent mainstream market. You will also find
that the attributes that make disruptive techn@sginattractive to mainstream markets are the
attributes on which the new markets will be built.

Questions for Discussion
1. The characteristics of a disruptive technology a

They are simpler and cheaper and lower performing.

They generally promise lower margins, not highefifs.

Leading firms’ most profitable customers generaliy’'t use and don’t want them.

They are first commercialized in emerging or ingigant markets.

The Innovator’s Dilemma

discusses disruptive innovations in the disk-dreseavator, steel, and auto industries. Looking
back through history, can you identify some disingtechnologies that eventually replaced

older products and industries? Can you think oéthhat are emerging today, maybe even
ones that could threaten your business?
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2. There is a tendency in all markets for compatuieaove upmarket toward more complicated
products with higher prices. Why is it difficultfeompanies to enter markets for simpler,
cheaper products? Can you think of companies tinat hpscaled themselves out of business?
How might they have avoided that?

3. The same tendency for companies to move upm#raetan be fatal for established
companies also accounts for the eventual developai@merging markets into mainstream
markets. Besides the examples in the book, canhjok of companies that have upscaled
themselves to success?

4. In attempting to commercialize a disruptive temlbgy, why is it important to begin
investing on the assumption that your expectatwtide wrong? Besides the motorcycle,
excavator, and disk-drive examples in the book,y@anthink of other examples in which a
company began marketing a product for one apptindiut the big market turned out to be for
another application?

5. One of the hallmarks of disruptive technologgethat initially they underperform the current
technology on the attributes that matter most tonsteeam customers. The companies that
succeed in commercializing them, therefore, mumt dlifferent customers for whom the new
technology’s attributes are most valuable. Canthawk of any markets that are emerging today
based on attributes or qualities that seemed uniiaapicto the mainstream markets when they
were introduced? What older, mainstream productooimpanies are threatened?

6. When two or more products meet the minimum $jgations for the functionality of a
product, customers begin to look for other decidagjors. According to a Windermere
Associates study cited in the book, the progresssaally is from functionality to reliability to
convenience to price. What are some current matkatdhave recently moved one or more
steps along this progression?

7. Most people think that senior executives makeitiportant decisions about where a
company will go and how it will invest its resousc®ut the real power lies with the people
deeper in the organization who decide which prolgosal be presented to senior management.
What are the corporate factors that lead midlenglleyees to ignore or Kill disruptive
technologies? Should well-managed companies chidwege practices and policies?

8. What are the personal career considerationgagadtambitious employees in large
corporations to ignore or kill disruptive technakesgf? Should well-managed companies change
the policies that encourage employees to thinkwiag?

9. What do the findings in this book suggest alimmwt companies will be organized in the
future? Should large organizations with structumesited around functionalities redesign
themselves into interconnected teams, as some raegy theorists currently believe? Or,
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recognizing that different technologies and diffémmarkets have differing needs, should they
try to have distinct organizational structures arahagement practices for different
circumstances? Is this realistically possible?

10. The CEO of a disk-drive maker is quoted in ¢tbap as saying that “We got way ahead of
the market” in explaining why his company failedctimmercialize a 1.8-inch disk drive that it
had developed. At the time, however, there wasrgdmning market for 1.8-inch drives among
new users that his company hadn't discovered. $5ofeChristensen argues that “disruptive
technology should be framed as a marketing chatlengt a technological one.” Do you think
there is a market somewhere for all technologies®tl how would you as a manager go about
figuring out which technologies to shelve and whictes to pursue aggressively?

11. Similarly, Professor Christensen argues thatpamies should not wait for new
breakthroughs to improve a technology’s performahtstead, they need to find customers
who value the very attributes that others condiolére shortcomings. As a manager, how do
you decide when a technology—or idea—needs moreldement and when it's time to
aggressively put it on the market?

12. The primary thesis dfhe Innovator’s Dilemmas that the management practices that allow
companies to be leaders in mainstream markethiargaime practices that cause them to miss
the opportunities offered by disruptive technolggi@ other words, well-managed companies
fail becausdhey are well managed. Do you think that the dédin of what constitutes “good
management” is changing? In the future, will listgnto customers, investing aggressively in
producing what those customers say they want, arefudly analyzing markets become “bad
management”? What kind of system might combinebtrst of both worlds?
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