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THE IMPORTANCE OF TECHNOLOGICAL INNOVATION

technological

innovation
The act of
introducing a
new device,
method, or
material for
application to
commercial or
practical
objectives.

In many industries technological innovation is now the most important driver of

competitive success. Firms in a wide range of industries rely on products devel?ped
within the past five years for almost one-third (or more) of their sales and profits.” For

example, at Johnson & Johnson, products developed within the last five years account
for over 30 percent of sales, and sales from products developed within the past five
years at 3M have hit as high as 45 percent in recent years.

The increasing importance of innovation is due in part to the globalization of
markets. Foreign competition has put pressure on firms to continuously innovate
in order to produce differentiated products and services. Introducing new products
helps firms protect their margins, while investing in process innovation helps firms
lower their costs. Advances in information technology also have played a role
in speeding the pace of innovation. Computer-aided design and computer-aided
manufacturing have made it easier and faster for firms to design and produce new
products, while flexible manufacturing technologies have made shorter produc-
tion runs economical and have reduced the importance of production economies of
scale.? These technologies help firms develop and produce more product variants
that closely meet the needs of narrowly defined customer groups, thus achieving
differentiation from competitors. For example, in 2012, Toyota offered 16 differ-
ent passenger vehicle lines under the Toyota brand (e.g., Camry, Prius, Highlander,
and Tundra). Within each of the vehicle lines, Toyota also offered several different
models (e.g., Camry L, Camry LE, Camry SE) with different features and at dif-
ferent price points. In total, Toyota offered 64 car models ranging in price from
$14,115 (for the Yaris three-door liftback) to $77,995 (for the Land Cruiser), and
seating anywhere from three passengers (e.g., Tacoma Regular Cab truck) to eight
passengers (Sienna Minivan). On top of this, Toyota also produced a range of luxury
vehicles under its Lexus brand. Similarly, Samsung offered over 100 models of cell
phones, and Sony produced over 50 models of MP3 portable audio players. Both
companies also offered a variety of color choices and accessories that could be pur-
chased to further tailor the product to the consumer’s tastes. Samsung and Sony’s
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X@ J/Another important source of innovation COMes from public research institutions such S "

93? as universities, government

. \(@L # panies report that research from pub . i
Q/Q O  velop innovations that they would not have otherwise developed.™

N LS

E e B ' Universities ,
QQ ‘ \‘[\ Many universities encourage their faculty to engage 1n research that may lead to useful

) \}(/ ', _ innovations. Typically the intellectual property policies of a universi c?mbrqce both

f Q} ﬂ{ -3 pamwamw;/and he university retains sole discretion Over

_ L] K ' the 'ffghts to commercialize the innovation. If an invention 18 successfully commercial-
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ized, the university typically shares the income with the individual inventor(s).” To

universities have established technology transfer offices.
In the United States, the creation of university technology transfer offices acceler-

ated rapidly after the Bayh-Dole Act was passed in 1980. This act allowed universities

to collect royalties on inventions funded with taxpayer dollars. Before this, the fed-
in a research eral government was entitled to all rights from federally funded inventions. While

~nvironmentto  the revenues from the university technology transfer activities are still quite small

anenviromment  jn comparison to university research budgets, their importance 1s growing rapidly.

?ﬁ;é:ﬁ;e Universities also contribute significantly to innovation through the publication of
applied. research results that are incorporated into the development efforts of other organiza-

s - tions and individuals.

/D Government-Funded Research
science

| Regional dis- | , . :
tFicts. typically tories, the formation of science parks and incu bators, and grants for other public or

Governments of many countries actively invest in research through their own labora-

lic and nonprofit institutions enabled them to dé- 3

laboratories, and incubators. A significant share of com-

increase the degree to which university research leads to commercial innovation, many

<tup by sovern- _ private research entities. For example, the U.S. Small Business Administration manages

-Qr advice. in indus

11;12};, to lt;ots:er two programs that enable innovative small businesses to receive funding from federal
- GITb:t?v ;a-a;”a' agencies such as the Department of Defense, the Department of Energy, the Department
Sovernment, ) of Health and Human Services, and others. The first is the Small Business Innovation
iniversifics-and / Research (SBIR) program. Under the SBIR program, agencies award grants of up to
_private firms- $850,000 to small businesses to help them develop and commercialize a new innova-

Institutions

tion. The second is the Small Business Technology Transfer (STTR) ich |

B8 program, which
awards grants of up to $859,000 to facilitate a partnership between a small business anda -
nonprofit research institution—its objective is to more fully leverage the innovation that

designed o nur- ~ takes place in research laboratories by connecting research scientists with entrepreneurs.

mel- The U.S. government was the main provider of research and development funds
Ol new 1 : : :
" Armpinale gy in the United States in the 1950s and 1960s, accounting for as much as 66.5 percent .

might otherwise in 1964. Its share has fallen significantly since then, and in 2009, U.S. government
lack access to spending accounted for only 31 percent of the nation’s R&D spending. However,

 adequate funding fthe decline in the government share of spending is largely due to the rapid increase
R&D fundin g rather than a re Al declifie-in the absolute amount_spent .
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skt oo One way governments support the research and development efforts in both the -
Csoemen metiosow public and private sectors is through the formation of science parks and incubators, . .
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parks to foster collaboration between national and local government institutions, uni= =
-« versities, and private firms. These science parks often include institutions designed <

to nurture the development of new businesses that might otherwise lack access to = -

adequate funding and technical advice. Such institutions are often termed incubators. . =

Incubators help overcome the market failure that can result when a new technology =

has the potential for important societal benefits, but its potential for direct returns is = "

highly uncertain.” ' ‘ ~ '

Notable examples of science parks with incubators include:

* Stanford Research Park, established near Stanford University in 1951.
* Research Triangle Park, established in North Carolina in 1959.

* Sophia Antipolis Park, established in Southern France in 1969. .
* Cambridge Science Park, established in Cambridge, England, in 1972.

These parks create fertile hotbeds for new start-ups and a focal point for the col-
laboration activities of established firms. Their proximity to university laboratories
and other research centers ensures ready access to scientific expertise. Such centers
also help university researchers implement their scientific discoveries in commercial
applications.”’ Such parks often give rise to technology clusters that have long-lasting
and self-reinforcing advantages (discussed later in the chapter).

Private Nonprofit Organizations

Private nonprofit organizations, such as private research institutes, nonprofit hos-
pitals, private foundations, professional or technical societies, academic and in-
dustrial consortia, and trade associations, also contribute to innovation activity
In a variety of complex ways. Many nonprofit organizations perform their own
research and development activities, some fund the research and development ac-
tivities of other organizations but do not do it themselves, and some nonprofit or-

ganizations do both in-house research and development and fund the development
efforts of others. '

INNOVATION IN COLLABORATIVE NETWORKS

As the previous sections indicate, there is a growing recognition of the importance of
collaborative research and development networks for successful innovation.>® Such

collaborations include (but are not limited to) joint ventures, licensing and second- = -
sourcing agreements, research associations, government-sponsored joint research
programs, value-added networks for technical and scientific interchange, and infor- - .

“mal networks.” Collaborative research is especially important in high-technology S
sectors, where it is unlikely that a single individual or organization will possess all . = "

of the resources and capabilities necessary to develop and implement a signific
40 e i - _ | , 5y ot
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multiple producers. Managers could then use these curves to assess whether a technol- - i

ogy appears to be approaching its limits or to identify new technologies that might b(ei
emerging on s-curves that will intersect the firm’s technology s-curve. Managers coul
then switch s-curves by acquiring or developing the new t.ecl}nology. However, as a
prescriptive tool, the s-curve model has several serious limitations.

Limitations of S-Curve Model as a Prescriptive Tool

First, it is rare that the true limits of a technology are known 1n advanice,. and there 1s
often considerable disagreement among firms about what a technology’s limits will be.
Second, the shape of a technology’s s-curve is not set in stone. Une.:xpected changes
in the market, component technologies, or complementary techr}ologles can shorten or
extend the life cycle of a technology. Furthermore, firms can influence the shape of
the s-curve through their development activities. For example, firms can sometimes
stretch the s-curve through implementing new development approaches or revamping
the architecture design of the technology." | R |
Christensen provides an example of this from the disk-drive 1ndus.try. A d.lslf
drive’s capacity is determined by its size multiplied by 1ts a.real rc.acordlng density;
thus, density has become the most pervasive measure of dlsk-dnv.e performance.
In 1979, IBM had reached what it perceived as a density Jimit of femte-ox1de—ba§ed
disk drives. It abandoned its ferrite-oxide-based disk drives and moved to dfavelqpmg
thin-film technology, which had greater potential for increasing c.len.sity. Hltgghl and
Fujitsu continued to ride the ferrite-oxide s-curve, ultimately. achieving de.ns.ltles that
were eight times greater than the density that IBM had perceived to be a limit.
Finally, whether switching to a new technology will benefit a firm depends on a
number of factors, including (a) the advantages offered by the new technology, (b) the
new technology’s fit with the firm’s current abilities (and thus the amount of effort
that would be required to switch, and the time 1t would.tak? to develop new competen-
cies), (¢) the new technology’s fit with the firm’s position 1n complemenm resources
(e.g., a firm may lack key complementary resources, Or may earn a significant portion
of its revenues from selling products compatible with the incumbent technology), and
(d) the expected rate of diffusion of the new technology. Thus, a firm that follovys an s-curve
model too closely could end up switching technologies earlier or later than it should.

TECHNOLOGY CYCLES

The s-curve model above suggests that technological change is cyclical: Each new
s-curve ushers in an initial period of turbulence, followed by rapid .impr(.)veme.nt, .thelr(ls
diminishing returns, and ultimately 1s displacegi by a new technological Q1spont1nu1ty. |
The emergence of a new technological discontinuity can overturn the existing competi-
tive structure of an industry, creating new leaders and new losers: Schumpeter ca!led
this process creative destruction, and argued that it was the key driver of progress in a
capitalist society.'’ . S |

Several studies have tried to identify and characterize the stages of the technology
cycle in order to better understand why some technologies succeed and othprg fail,
and whether established firms or new 1t;mns are more likely to l?e successful in intro- >
ducing or adopting a new technology. ™ One technology evolution model that rose to
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- 72 Part One Industry Dynamics of Technological Innovation

path

dependency
When end results
depend greatly
on the events
that took place
leading up to the
outcome. It 1s
often impossible
to reproduce the
results that occur
in such a
situation.

- ithin and across national borders. Where goy.
standards and facilitate exchange b(;;hs‘t)gdard " industry, the technology design

ernment regulation imposes a SINg ther technology options availab]e

il ' ' the 0
embodied in that standard necessarily dominates . , .
to the industry. The consumer welfare impact of dominant designs is explored further

in the Theory in Action section.

The Result: Winner-Take-All Markets | |
d natural monopolies. While some

All these forces can encourage the market towarc ! h wh
alternative platforms may survive by focusing on niche markets, the majority of the

market may be dominated by a single (or few) design(s). A firm that is able to lock in
its technology as the dominant design of a market usually earns hl}ge rewards and may
dominate the product category through several product generations. When a firm’s
technology is chosen as a dominant design, not only does the firm have the potential
to earn near-monopoly rents in the short run, but the firm also is in a good position
to shape the evolution of the industry, greatly influencing what future generations of
products will look like. However, if the firm supports a technology that 1s not chosen
as the dominant design, it may be forced to adopt the dominant technology, ettectively
forfeiting the capital, learning, and brand equity invested in its original technology.

Even worse, a firm may find itself locked out of the market if it 1 unable to adopt the
dominant teg_lg__noloéf Such standards battles are high-stakes games—resulting in big

winners and big losers.
Increasing returns to adoption also imply that technology trajectories are character-

ized by path dependency)\meaning that relatively smali historical events may have

.i..-“ n..‘__—.”-—- -

a great impact on the final outcome. Though the technology’s quality and technical
advantage undoubtedly influence its fate, other factors, unrelated to the technical
superiority or inferiority, may also play important roles.'' For instance, timing may
be crucial; early technology offerings may become so entrenched that subsequent
technologies, even 1if considered to be technically superior, may be unable to gain

a foothold in. the market. How and by whom the technology is sponsored may also
impact adoption. If, for example, a large and powerful firm aggressively sponsors a
tech)n(::lo%}tl (phc-i:'hlaps even pressuring suppliers or distributors to support the technol-
ogy), that technology may gain a controlling share of t : -
tive technologies. g he market, locking out alterna

The influence of a dominant design can also extend beyond its own technolog

“w ”_-»-— ke
1
. — .“.J.J-A e .

cycle) As the dominant design is adopted and refined, it influences the k. edge

that is accumulated by producers and customers, and it

techniques used in the industry. Firms will tend to SSinpad. the proliem: soeing

0 use and build on their existing

'Ijhls can result in a very “sticky”
gical inquiry in the area.”” Thus,
of the technological discontinuity

superior produc ot always win
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t of potential entrants is inﬂuenced by

& 112 Part Two Fo e threa .
nts. TH likely to attract new entrants (Le., js ;

jal entra :

t of potentia’ = industry 18 . 18t

: : :t;;etahe degree 10 which ;h:v:,?se alluring?) and the height of entry ba"lers.

le. growing, Of oth€ tors as large start-up COsts, brand loyalty §

entry 'ba"llme:s Entry barriers can Inciu s suppliers or distributors, govement regulaﬁon, _-
ff,‘;}lﬁ'ﬁ?iﬁcﬁlt difficulty in gaining aCC‘?S:,n competitors, and many others. While pmﬁtability
expensive hreat of retaliation by existing ntry barriers will deter them. For example |
or exp thre ¢ new entrants, € . ) 3
for new firms to and growth may attrac h in the smart phone market attracts potential entrapyy !
?me:nnnluﬁ?sny while high projected gr;)lvtta c—:1 of competing against large, well-established, ap |
oV ..
rggulation, large to this market, the cha lfa% Nokia and Ericsson deters many entrants. To effe,.
start-up costs, efficient competitors Stut(l:1 y o clich requires that an entrant be able to magy.
etc.). tively conspe;tji :ega:;il distribute on a large scale, suggesting significant start-y
factsslr?;ra a:;eentra:nt to achieve a competitive position. However, some of these ;

zgsabilities could be obtained through panqef ships Wlth. other ﬁmS, such as hz.av- 1

in;lg) contract manufacturers handle production and having mobile phone service

providers handle distribution, thereby lowering start-up COSts. | :

Bargaining power of suppliers. The degree to which the firm relies on one or

switching a few suppliers will influence its ability to negotiate good terms. If th.ere are fgw
costs suppliers or suppliers are highly differentiated, the firm may have. little chmqe i
. ‘;‘;{“’r.s g‘i?% o in its buying decision, and thus have little leverage over the supphef to negoti- |
sy ate prices, delivery schedules, or other terms. On the other hand, if suppliers .

or expensive to
change suppliers
or buyers, such
as investments in
specialized assets
to work with a
particular sup-
plier or buyer.

vertical
integration
Getting into
the business of
one’s suppliers
(backward verti-
cal integration)
or one’s buyers
(forward verti-
cal integration).
For example, a
firm that begins
producing its
own supplies
has practiced

buys its distriby.
tor has Practiced
forward vertjcy]

Integration,

are very abundant and/or are not highly differentiated, the firm may be able to |
force the suppliers to bid against one another for the sale. The amount the firm
purchases from the supplier is also relevant. If the firm’s purchases constitute the
bulk of a supplier’s sales, the supplier will be heavily reliant upon the firm and
the supplier will have little bargaining power. Likewise, if the supplier’s sales |
constitute a large portion of the firm’s purchases, the firm will be heavily reliant |
upon the supplier and the supplier will have more bargaining power. For example, |
\n;,zllllllllf:rctflslr:lrlso that sell to Walmart often have little bargaining power because
o manufucturer's yearly sales, Wojm s, PUIchases a significant porton o'
Ing power. Whenylntely sS:HeS. A mart’s suppliers typically have little bargel™

S 1o personal computer manufacturers, on the other




