
CHAPTER SEVEN 

Discovering New and 
Emerging Markets 

Markets that do not exist cannot be analyzed: Suppliers and 
customers must discover them together. Not only are the market 
applications for disruptive technologies unknown at the time of 

their development, they are unknowable. The strategies and plans that 
managers formulate for confronting disruptive technological change, 
therefore, should be plans for learning and discovery rather than plans 
for execution. This is an important point to understand, because managers 
who believe they know a market's future will plan and invest very differ­
ently from those who recognize the uncertainties of a developing market. 

Most managers learn about innovation in a sustaining technology con­
text because most technologies developed by established companies are 
sustaining in character. Such innovations are, by definition, targeted at 
known markets in which customer needs are understood. In this environ­
ment, a planned, researched approach to evaluating, developing, and 
marketing innovative products is not only possible, it is critical to success. 

What this means, however, is that much of what the best executives in 
successful companies have learned about managing innovation is not 
relevant to disruptive technologies. Most marketers, for example, have 
been schooled extensively, at universities and on the job, in the important 
art of listening to their customers, but few have any theoretical or practical 
training in how to discover markets that do not yet exist. The problem 
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with this lopsided experience base is that when the same analytical and 
decision-making processes learned in the school of sustaining innovation 
are applied to enabling or disruptive technologies, the effect on the com­
pany can be paralyzing. These processes demand crisply quantified infor­
mation when none exists, accurate estimates of financial returns when 
neither revenues nor costs can be known, and management according to 
detailed plans and budgets that cannot be formulated. Applying inappro­
priate marketing, investment, and management processes can render good 
companies incapable of creating the new markets in which enabling or 
disruptive technologies are first used. 

In this chapter we shall see how experts in the disk drive industry were 
able to forecast the markets for sustaining technologies with stunning 
accuracy but had great difficulty in spotting the advent and predicting the 
size of new markets for disruptive innovations. Additional case histories in 
the motorcycle and microprocessor industries further demonstrate the 
uncertainty about emerging market applications for disruptive or enabling 
technologies, even those that, in retrospect, appear obvious. 

FORECASTING MARKETS FOR SUSTAINING VERSUS 
DISRUPTIVE TECHNOLOGIES 

An unusual amount of market information has been available about the 
disk drive industry from its earliest days-a major reason why studying 
it has yielded such rich insights. The primary source of data, Disk/Trend 
Report, published annually by Disk/Trend, Inc., of Mountain View, Cali­
fornia, lists every model of disk drive that has ever been offered for sale 
by any company in the world, for each of the years from 1975 to the 
present. It shows the month and year in which each model was first 
shipped, lists the performance specifications of the drive, and details the 
component technologies used. In addition, every manufacturer in the 
world shares with Disk/Trend its sales by product type, with information 
about what types of customers bought which drive. Editors at Disk/Trend 
then aggregate this data to derive the size of each narrowly defined market 
segment and publish a listing of the major competitors' shares, carefully 
guarding all proprietary data. Manufacturers in the industry find the 
reports so valuable that they all continue to share their proprietary data 
with Disk/Trend. 

In each edition, Disk/Trend publishes the actual unit volumes and dollar 
sales in each market segment for the year just past and offers its forecasts 
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for each of the next four years in each category. Given its unparalleled 
access to industry data spanning two decades, this publication offers an 
unusual chance to test through unfolding market history the accuracy of 
past predictions. Over all, Disk/Trend has a remarkable track record in 
forecasting the future of established markets, but it has struggled to esti­
mate accurately the size of new markets enabled by disruptive disk drive 
technologies. 

The evidence is summarized in Figure 7.1, which compares the total 
unit volumes that Disk/Trend Report had forecast would be shipped in 
the first four years after commercial shipments of each new disk drive 
architecture began, to the total volumes that were actually shipped over 
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that four-year period. To facilitate comparison, the heights of the bars 
measuring forecast shipments were normalized to a value of 100, and the 
volumes actually shipped were scaled as a percentage of the forecast. Of 
the five new architectures for which Disk/Trend's forecasts were available, 
the 14-inch Winchester and the 2.5-inch generation were sustaining inno­
vations, which were sold into the same value networks as the preceding 
generation of drives. The other three, 5.25-, 3.5-, and 1.8-inch drives, 
were disruptive innovations that facilitated the emergence of new value 
networks. (Disk/Trend did not publish separate forecasts for 8-inch 
drives.) 

Notice that Disk/Trend's forecasts for the sustaining 2.5-inch and 14-
inch Winchester technologies were within 8 percent and 7 percent, respec­
tively, of what the industry actually shipped. But its estimates were off 
by 265 percent for 5.25-inch drives, 35 percent for 3.5-inch drives (really 
quite close), and 550 percent for 1.8-inch drives. Notably, the 1.8-inch 
drive, the forecast of which Disk/Trend missed so badly, was the first 
generation of drives with a primarily non-computer market. 

The Disk/Trend staff used the same methods to generate the forecasts 
for sustaining architectures as they did for disruptive ones: interviewing 
leading customers and industry experts, trend analysis, economic model­
ing, and so on. The techniques that worked so extraordinarily well when 
applied to sustaining technologies, however, clearly failed badly when 
applied to markets or applications that did not yet exist. 

IDENTIFYING THE MARKET FOR THE HP 1.3-INCH 

KITTYHAWK DRIVE 

Differences in the forecastablity of sustaining versus disruptive technolo­
gies profoundly affected Hewlett-Packard's efforts to forge a market for 
its revolutionary, disruptive 1.3-inch Kitty hawk disk drive.1 In 1991, Hew­
lett-Packard's Disk Memory Division (DMD), based in Boise, Idaho, gen­
erated about $600 million in disk drive revenues for its $20 billion parent 
company. That year a group of DMD employees conceived of a tiny, 1.3-
inch 20 MB drive, which they code-named Kittyhawk. This was indeed 
a radical program for HP: The smallest drive previously made by DMD 
had been 3.5-inches, and DMD had been one of the last in the industry 
to introduce one. The 1.3-inch Kittyhawk represented a significant leap­
frog for the company-and, most notably, was HP's first attempt to lead 
in a disruptive technology. 

Discovering New and Emerging Markets I 14 7 

For the project to make sense in a large organization with ambitious 
growth plans, HP executives mandated that Kittyhawk's revenues had to 
ramp to $150 million within three years. Fortunately for Kittyhawk's 
proponents, however, a significant market for this tiny drive loomed on 
the horizon: hand-held palm-top computers, or personal digital assistants 
(PDAs). Kittyhawk's sponsors, after studying projections for this market, 
decided that they could scale the revenue ramp that had been set for them. 
They consulted a market research firm, which confirmed HP's belief that 
the market for Kittyhawk would indeed be substantial. 

HP's marketers developed deep relationships with senior executives at 
major companies in the computer industry, for example, Motorola, ATT, 
IBM, Apple, Microsoft, Intel, NCR, and Hewlett-Packard itself, as well 
as at a host of lesser-known startup companies. All had placed substantial 
product development bets on the PDA market. Many of their products 
were designed with Kittyhawk's features in mind, and Kittyhawk's design 
in turn reflected these customers' well-researched needs. 

The Kittyhawk team concluded that developing a drive that met these 
customers' requirements would be a demanding but feasible technological 
stretch, and they launched an aggressive twelve-month effort to develop 
the tiny device. The result, shown in Figure 7 .2, was impressive. The first 
version packed 20 MB, and a second model, introduced a year later, stored 
40 MB. To meet the ruggedness demanded in its target market of PDAs 
and electronic notebooks, Kittyhawk was equipped with an impact sensor 
similar to those used in automobile airbag crash sensors and could with­
stand a three-foot drop onto concrete without data loss. It was designed 
to sell initially at $250 per unit. 

Although Kittyhawk's technical development went according to plan, 
the development of applications for it did not. The PDA market failed to 
materialize substantially, as sales of Apple's Newton and competing de­
vices fell far short of aspirations. This surprised many of the computer 
industry experts whose opinions HP's marketers had worked so hard to 
synthesize. During its first two years on the market, Kittyhawk logged 
just a fraction of the sales that had been forecast. The sales achieved 
might have initially satisfied startup companies and venture capitalists, 
but· for HP's management, the volumes were far below expectations and 
far too small to satisfy DMD's need to grow and gain overall market 
share. Even more surprising, the applications that contributed most signifi­
cantly to Kittyhawk's sales were not in computers at all. They were Japa­
nese-language portable word processors, miniature cash registers, 

____________________________ .._ __________________________ _ 
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Rgure 7.2 Hewlett-Packard's Kittyhawk Drive 

Source: Hewlett Packard Company. Used by permission. 

electronic cameras, and industrial scanners, none of which had figured 
in Kittyhawk's original marketing plans. 

Even more frustrating, as the second anniversary of Kittyhawk's launch 
approached, were the inquiries received by HP marketers from companies 
making mass-market video game systems to buy very large volumes of 
Kittyhawk-if HP could make a version available at a lower price point. 
These companies had been aware of Kittyhawk for two years, but they 
reported that it had taken some time for them to see what could be done 
with a storage device so small. 

To a significant extent, HP had designed Kittyhawk to be a sustaining 
technology for mobile computing. Along many of the metrics of value in 
that application-small size, low weight and power consumption, and 
ruggedness-Kittyhawk constituted a discontinuous sustaining improve­
ment relative to 2.5- and 1.8-inch drives. Only in capacity (which HP 
had pushed as far as possible} was Kittyhawk deficient. The large inquiries 
and orders that finally began arriving for the Kittyhawk, however, were 
for a truly disruptive product: something priced at $50 per unit and with 

------------------------------" 
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limited functionality. For these applications, a capacity of 10 MB would 
have been perfectly adequate. 

Unfortunately, because HP had positioned the drive with the expensive 
features needed for the PDA market rather than designing it as a truly 
disruptive product, it simply could not meet the price required by home 
video game manufacturers. Having invested so aggressively to hit its 
original targets as defined by the PDA application, management had little 
patience and no money to redesign a simpler, defeatured 1.3-inch drive 
that fit the market applications that had finally become dear. HP withdrew 
Kittyhawk from the market in late 1994. 

The HP project managers concede in retrospect that their most serious 
mistake in managing the Kittyhawk initiative was to act as if their forecasts 
about the market were right, rather than as if they were wrong. They had 
invested aggressively in manufacturing capacity for producing the volumes 
forecast for the PDA market and had incorporated design features, such 
as the shock sensor, that were crucial to acceptance in the PDA market 
they had so carefully researched. Such planning and investment is crucial 
to success in a sustaining technology, but, the managers reflected, it was 
not right for a disruptive product like Kittyhawk. If they had the opportu­
nity to launch Kittyhawk all over again, they would assume that neither 
they nor anyone else knew for sure what kinds of customers would want 
it or in what volumes. This would lead them toward a much more explor­
atory, flexible approach toward product design and investment in manu­
facturing capacity; they would, given another chance, feel their way into 
the market, leaving enough resources to redirect their program if necessary 
and building upon what they learned on the way. 

Hewlett-Packard's disk drive makers are not the only ones, of course, 
who behaved as if they knew what the market for a disruptive technology 
would be. They are in stellar company, as the following case histories 
show. 

HONDA'S INVASION OF THE NORTH AMERICAN 

MOTORCYCLE INDUSTRY 

Honda's success in attacking and dominating the North American and 
European motorcycle markets has been cited as a superb example of 
clear strategic thinking coupled with aggressive and coherent execution. 
According to these accounts, Honda employed a deliberate manufacturing 
strategy based on an experience curve in which it cut prices, built volume, 
aggressively reduced costs, cut prices some more, reduced costs further, 
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to move upmarket 
and ultimately outof 
market except and BM'\V, vvhich survived. 2 

combined manufacturing triumph a clever product de-
catchy advertising, and a convenient, brnad-based distriibutor/retailer 

c,'"°'""''"'" tailored to the informal cydists who constitmed Honda's core 
Told in this rnann.er, Honda's history is a 

operational that all managers 
about them someday. The reality Honda's achievement, as '""''y,.,,r,1,·p.-1 

the Honda employees who were managing the business at 
is different. 3 

During Japan's years of post-v;_rar reconstruction and poverty, Honda 
had emerged as a supplier of rugged motorized bicydes were 
used distributors and retailers i:n areas to make small 

to local customers. Honda developed considerable expertise in. 
designing small, effi.dent engines these bikes. Its Japanese ma.rket sales 
grew from a:n annual volume 1,200 units in 1949 to 
units in 1959. 

Honda 

executives were eager to 
motorbikes to North America, 

its popular 
-,11,mx:,pn that Americans 

U,OU<U>,<>F, experience from the fJ<C/:e;,HHi!lUJe 

offered no ad.vantage to customers other cost, 
and most motorcyde dealers refused to accept the unproven line. 
When th,:: team finally succeeded in some dealers selling a 

units, results were disastrous, Honda's understanding 
de:,ign turned out not to be applications, 

in which bikes vvere driven at high speeds extended periods: The 
engines spmng oil leaks and dutches \Vore out. Honda's expenses in 

replacement between Japan and 
Los Angeles neady sunk the company. 
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in dirt. A 
relief dirt-biking again, EventuaHy invited two colleagues to join 
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Once smaH-bike strategy •Nas formally adopted, 
that securing dealern 

than i.t been for i.ts bi.g weren't any 
that of product. Ultimately, Honda persuaded a goods 
dealers to take on its hne of motorbikes, and as they began to promote 

bikes Honda's innovative 

UCLA student who 
the advertising ""';e;,u,,, 
paper he vvrote in an ,course. t<.rwrm,·ew, ... n 

sold the i.dea to an advertising agency, 

a 
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serendipitous events were, course, foHowed world-dass design 
engineering and rnanufacturing execution, enabled Honda to re-
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Fi.onda's 50cc was a disruptive technology .in the North 
market. The rank-ordering of product 
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customers employed in their product decision making defined f~r Ho~da 
a very different value network than the established network m which 
Harley-Davidson, BMW, and other traditional motorcycle makers had 

competed. . . . 
From its low-cost manufacturing base for reliable motorbikes, usmg a 

strategy reminiscent of the upmarket invasions descr_ibe~ earlier in disk 
drives steel excavators, and retailing, Honda turned its sights upmarket, 
introducing' between 1970 and 1988 a series of bikes with progressively 

more powerful engines. 
For a time in the late 1960s and early 1970s, Harley attempted to 

compete head-on with Honda and t.o capitali~e on the expanding l?w­
end market by producing a line of small-engme (150 to ~00 cc) bikes 
acquired from the Italian motorcycle maker Aero~ecchama. Harley at­
tempted to sell the bikes through its North Amen~an dealer network. 
Although Honda's manufacturing prowess cle~rly d1sadvant~ged Harley 
in this effort, a primary cause of Harley's failure to establish a strong 
presence in the small-bike value network was the opp~sition of ~ts dealer 
network. Their profit margins were far greater on high-end bikes, and 
many of them felt the small machines compromised Harley-Davidson's 

image with their core customers. . . . 
Recall from chapter 2 the finding that w1thm a given value network, 

the disk drive companies and their computer-manufacturing custom~rs 
had developed very similar economic models or ~ost structures, which 
determined the sorts of business that appeared profitable to them. We ~ee 
the same phenomenon here. Within their value network, the economics 
of Harley's dealers drove them to favor the same type of business that 
Harley had come to favor. Their coexistence wi~in the value network 
made it difficult for either Harley or its dealers to exit the network through 
its bottom. In the late 1970s Harley gave in and repositioned itself at the 
very high end of the motorcycle market-a strategy reminiscent of Sea­
gate's repositioning in disk drives, and of the upmar~et retreats of the 
cable excavator companies and the integrated steel mills. 

Interestingly, Honda proved just as inaccurate in estima~ing how lar1?e 
the potential North American motorcycle ~arket was as it ~ad been m 
understanding what it was. Its initial aspirat10ns upon entry m 19~9 had 
been to capture 10 percent of a market estimated at 550,000 umts per 
year with annual growth of 5 percent. By 1975 the market had grown 
16 percent per year to 5,000,000 annual units-units that came largely 
from an application that Honda could not have foreseen.4 
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INTEL'S DISCOVERY OF THE MICROPROCESSOR MARKET 

Intel Corporation, whose founders launched the company in 1969 based 
on their pioneering development of metal-on-silicon (MOS) technology 
to produce the world's first dynamic random access memory (DRAM) 
integrated circuits, had become by 1995 one of the world's most profitable 
major companies. Its storied success is even more remarkable because, 
when its initial leadership position in the DRAM market began crumbling 
between 1978 and 1986 under the onslaught of Japanese semiconductor 
manufacturers, Intel transformed itself from a second-tier DRAM com­
pany into the world's dominant microprocessor manufacturer. How did 
Intel do it? 

Intel developed the original microprocessor under a contract develop­
ment arrangement with a Japanese calculator manufacturer. When the 
project was over, Intel's engineering team persuaded company executives 
to purchase the microprocessor patent from the calculator maker, which 
owned it under the terms of its contract with Intel. Intel had no explicit 
strategy for building a market for this new microprocessor; the company 
simply sold the chip to whoever seemed to be able to use it. 

Mainstream as they seem today, microprocessors were disruptive tech­
nologies when they first emerged. They were capable only of limited 
functionality, compared to the complex logic circuits that constituted the 
central processing units of large computers in the 1960s. But they were 
small and simple, and they enabled affordable logic and computation in 
applications where this previously had not been feasible. 

Through the 1970s, as competition in the DRAM market intensified, 
margins began to decline on Intel's DRAM revenues while margins on its 
microprocessor product line, where there was less competition, stayed 
robust. Intel's system for allocating production capacity operated ac­
cording to a formula whereby capacity was committed in proportion to 
the gross margins earned by each product line. The system therefore 
imperceptibly began diverting investment capital and manufacturing ca­
pacity away from the DRAM business and into microprocessors-without 
an explicit management decision to do so. 5 In fact, Intel senior manage­
ment continued to focus most of its own attention and energy on DRAM, 
even while the company's resource allocation processes were gradually 
implementing an exit from that business. 

This de facto strategy shift, driven by Intel's autonomously operating 
resource allocation process, was fortuitous. Because so little was known 
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wrong. 

How does this statement square with the findings presented in Table 
which difference in the posterior probabilities of 
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those that entered existing value (6 percent)? H 
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more successful? when I have the matrix in Table 6.1 
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the magnitudes probabilities of success. But it is dear that the manag-
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sense 
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of its resources implementing wrong-headed market-
right market was still 

many starts in its search major 
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disruptive coc,,,,,,rn,v· 
gies, the or unwiHingness of indi.viduai m:magers to put 
careers at risk acts as a pmverfol to the movement of '""c"'" '"""'" 
firms into the value networks created 
Bower observed in his dassic study of 
a major company, "Pressure 
probability and cost being vvrong. 10 

Bower's observation is consistent with the in this about 
the disk When demand for an innovation was assured., as 
was the case with sustaining technologies, the industry's established leaders 
,Nere capable of placing huge, and risky bets to 

technology was required. When demand was not assured, as was the case 
in disruptive technologies, the established firms could not even make 
the technologically straightforward bets required to cornmerciaHze such 
innovations. That is 65 percent of entering the disk 
drive industry attempted to do so in an rather than ernerging 
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expensive commitments of capital, 

which managers to identify 
assumptions upon which their business or aspirations are based, 11 

in addressing disruptive technologies. fa the case of Hewlett-
Packard's Kittyhawk example, HP invested significant sums 

'! . h 
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an no one-not us, not our customers-can 
a disruptive product can 

it. Some memagers1 faced 
prefer to wait have defined the market. 

first-mover advantages at stake, however, managers 
technologies need to out their laboratories 

groups and create about new customers 
and new applications through discovery-driven expeditions into the mar­
ketplace. 
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