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Chapter 1

The Strategic
Challenges of Technology

C HieF EXECUTIVES and other corporate ex-
ecutives who do not have a back-
ground or experience in science or engi-
neering look at technotogy—especially at
fast-moving modem “high-technology"—
with a2 mixture of awe and distrust. They
see technology as an expense or, at best.
a high-risk investment, with uncertain re-
turns in dollars and timing. They also see
their best technologists as brilliant and
creative people but often more loyal to
their profession than to their company
and, therefore, hard to direct toward their
company’s strategic and financial goals.
On the other hand, those officers and
managers with strong academic and op-
erating credentials in R&D and engineer-
ing view high technology as the primary
vehicle for solving the business problems
of their company, for strengthening the
local economy, and for helping their na-
tion's global competitiveness. They are
frustrated if they are asked to justify ex-
penses in technology according to stan-
dard business criteria, such as retum on
investment. arguing that technology is
different and, therefore, cannot be evalu-
ated only in financial terms.
Unfortunately, dialogue between

these two cultures is limited. This lack of
common understanding of the role that
technology can take as a key strategic
resource of the corporation could impede
its becoming a strategic asset if properly
managed.

Every firm has at its command a finite
quantity of resources, both tangible and
intangible, such as human resources.
plant and equipment capital and access
to funding customer and supplier good-
will, and corporate image. Management's
responsibility is to acquire, develop. inte-
grate, husband. and apply these scarce
resources to fulfill corporate objectives
and goals, both financial and nonfinan-
cial. :

Technology is one resource that, like

ital, c&al ed or acquired, sto-
fen or wasted, disposed of or applied for
growth and profitability. FHowever, & -
ogy has some unique characteris cs that
05t Be clearly understood by manage-

ment.

Unique characteristics of technology

First. my definition of technology: a body
of knowledge, tools. and techniques, de-



rived from science and practical experi-
ence, that are used in the development,
design, production, and application of
products, processes, systems, and serv-
ices.

Two important points in this definition
should be emphasized:

1.- Technology is derived from both
science and experience; that is,
both theory and practice are pre-
requisites of success.

2. Technology (in contrast to science)
has no ualue unless it is applied,
normaily to create wealth and im-
prove the quality of life.

In contrast to capital, which has a

common denominator—the doilar—and,

if properly invested, maintains its value
with time, technological resources are
hard to define and safeguard and, there-
fore, difficult and risky to manage. Here
are some of the unique characteristics of
technology:

— Is highly specialized and frag-
- mented. At least 50 “key” tech-
nologies from ten disciplines are
taught at the Center for integrated

Electronics of Rensselaer Poly-’

technic Institute, for example.

— Is highly perishable. One well- -

established technology may be
unexpectedly and rapidly replaced
by a superior technology. For in-
stance, half-life of some proc-
esses used in "the manufacture
of VLSi—very-large-scale, inte-
grated micro-electronic chips—is
three years, often insufficient to
obtain an adequate return from
the heavy investment in R&D,
plant, and equipment.

— Must be continuously devel-
oped to keep up with the state of

[¢)]

the art. To cite an example, a fey,
Years ago, the U.S. micro-elec.
tronics industry was the undis.
puted world leader in RAM—Ran-
dom Access Memories. After
reducing its R&D efforts, the U.S.
industry lost a major market share
to superior Japanese technology,
which had achieved higher yields
and quality.

Entails high risks and requires
significant time spans in devel-
opment and application. The
probability of ftnancial success of
a technological innovation is
about one in three and positive
cashflow may not be obtained for
three to 12 years depending on
the nature and diffusion rate of
the technology. (The informaticn
services industry corresponds to
the shorter time periods, the pro-
prietary pharmaceutical and bio-
technology industry to the longer
time periods.)

Is transferred by people, not by
paper. While money and financia!
information is easily transferred
by standard procedures according
to accepted accounting practices,
technological documentation is
never complete. Therefore, con-
tinuous interaction of people is
necessary for an effective transier
of technological know-how, as wit-
nessed by the problems of trans-
ferring advanced technologies to
developing countries.

Is enhanced, not reduced, by
muitiple users. With appropriate
feedback, diffusion will contribute
to new technological deve!op-
ments and applications. There-
fore, there are no theoretical lim-
its to the growth and the
increased utilization of technol-
ogy to create added value and
wealth.




Three new strategic challenges

The recent evolution of technology pres-

ents three new major strategic challenges

to the corporation.

1. Technology explosion. Man has
been generating technology at a slow but
steady pace since the beginnings of civili-
zation, 10,000 years ago. However, since
1935 technology has exploded, with the
result that 90 percent of what we know
now has been generated during the last
55 years. Ninety percent of all scientists
and engineers who ever lived are living
and working now. The rate of generation
of new technology, as measured by the
number of scientific and technical jour-
nais for instance, continues to grow at an
exponential rate. This means that our
technological knowledge will probably be
doubled during the next 30 years.

The strategic challenge is: How can a
company keep up with the technologies
which will influence its competitive posi-
tion?

2. The shortening of the technol-
ogy cycle. The classical technology cycle
starts with a scientific discovery and ends
with the diffusion in the marketpiace of
products and processes embodying the
new technology. {or instance, let us look
at polyvinyl chloride {PVC) products. The
scientific disciplines underlying this tech-
nology are chemistry of free radicals, rhe-
ology of polymers, and chemistry of vinyl
compounds. From these disciplines
emerged new technologies: extrusion of
thermoplastics and formulation of PVC
resins. [n turn these technologies are em-
bodied in PVC products, either as sheets
or extruded pieces—for instance, plastic
foils for wrapping food products, inflata-
ble toys, and plastic plumbing pipes.
Thus. for many technological innovations

we can measure the time lag between sci-

~

entific discovery and introduction of the
product in the marketplace. This time lag
is becoming shorter. For instance, it took
112 years to develop photography from

the discovery of the basic physical phe- --

nomenon, 56 years for telephony, 35
years for radio, 12 years for television,
and only three years for the transistor and
engineering plastics.

The strategic challenge is: How can a
Ccompany incorporate a new technology
into a new product and reap commercial
and financial benefits before this product
is made obsolete by a newer, better tech-
nology?

- 3. Globalization of technology
and international competition. Bruce
Merrifield, U.S. Assistant Secretary of
Commerce for Productivity, Technology
and Innovation, estimates that in 1975
the United States, with only 5 percent of
the world’s population, was generating
maybe 75 percent of the world’s technol-
oqy. and that our share is now down to 30
to 55 percent and in another decade it
will only be one-third. While the U.S. con-
tinues to generate technology at a mod-
estly increasing rate, other countries in
the world, starting with Japan and Cer-
many, are generating technology at a
much faster pace. In addition,. with the
moderm information age, transfer of tech-
nology between countries, regardless of
barriers and controls, is proceeding at a
faster pace, as witnessed by high-tech
consumer- products, such as the VCR,
originally developed in the United States
and now coming to the U.S. in much im-
proved versions from Japan and other
countries of the Pacific Rim.

The strategic challenge is: How can a
U.S. company remain technologically and
commercially competitive in the world's
marketplace by fighting foreign competi-
tors in the home and overseas markets?

PR



Chapter 2

The Technology
Input/Output Process

"\,I ANAGEMENT'S RESPONSIBILITY is tO acquire
l or develop the resources necessary to
carry out tne mission of the firm. For in-
stance. required capital may be raised
through the sale of securities or borrow-
ings from financial institutions, or it may
be developed within the firm, through re-
tained earnings. ;

The technology input process is con-
ceptuaily the same. Technology may be
deveioped in-house, through R&D, or may
be acquired from outside the firm in vari-
ous ways, for instance through:

— Contracted-out R&D to research
institutes, such as Battelle or
Stanford, or to technical universi-
ties. .

— Joint R&D programs at universi-
ties. (A typical example is the RP!
Center for Interactive Graphics
that carries out advanced research
for 38 sponsoring or member
companies, with 50 researchers
and an annual budget of $2 mil-
lion.)

— Joint research corporations
owned by the member compa-
nies. These have become possible

since the lifting of some anti-trust
restrictions. Spurred by threat of
Japanese competition, such cor-

‘porations have been formed for

computer and semi-conductor re-
search with staffs of several hun-
dred and budgets of several hun-
dred miltion dollars.

Hired experts, such as indepen-
dent consultants, professional in-
ventors, and university profes-
sors.

Licensing-in of technology, by ac-
quiring exclusive or nonexclusive
rights to patents and proprietary
knowhow developed by other
companies or individuals.
Acquisitions of companies or busi-
ness units for the specific purpose
of obtaining the technology.
rather than the assets, markets,
customer goodwill, and the like.
Many young'biotechnology com-
panies have been acquired for this
purpose. Since technology. as
stated above, is transferred by
people, provision should be made
to retain the key researchers after
the acquisition, because their de-



parture would make the purchase
worthless.

— Acquisition of components or sub-
assemblies that are incorporated

into the company’'s products and

sold under the company’s trade-
mark. For instance, many per-
sonal computers use as “brains”
the microprocessor chips of lead-
ing producers of semiconductors.

By in-house development or through

acquisition, the corporation creates a

base of technological assets, which must
be safeguarded. just as tangible assets.
from theft, waste, and obsolescence. As
we have seen, obsolescence is probably

the most serious threat to high-technol- .

ogy industries.

Unless they are properly utilized, the
firm's assets will not produce benefits,
growth, and profitability. Therefore, in or-
der to produce wealth, technology must
be applied through the technology output
process. In the input process, the corpo-
ration had two basic alternatives: make or
buy. In the output process, there are two
corresponding alternatives: incorporate
or sell. Thus, the company technology
assets may be:

— Incorporated in new or improved
products, systems, or seruvices
that are offered to the markets.
(For instance, General Electric has
created a multi-billion dollar busi-
ness in plastics and silicones from
its R&D efforts.)

— Incorporated in new or improved
processes utilized by the company
to increase capacity, reduce costs,
improve quality, and the like. (An
example is the General Electric
proprietary process for producing
“man-made’’ industrial dia-
monds.)

— Sold through licensing-out the’

patents and proprietary knowhcw.
— Utilized in joint ventures with other
companies.

Measuring the efficiency and effectiveness of
the process

The technology input/output process is
shown in Figure 1. To measure its effi-
ciency and effectiveness. we begin by
measuring the efficiency of the input
process. This is measured this way:

Technological Assets

R&D Productivity = Input Investment

The effectiveness of the output process is
then measured in terms of

Net Present Value of Output
Technological Assets

R&D Yield =

In the two ratios above, input invest-
ment and output are measured in finan-
cial terms. The input is the sum of salaries
and expenses of the researchers, depre-
ciation of plant and equipment. overhead.
and so forth, or the amount paid to ac-
quire the technology. The output is the
sum of the profits accruing from the new
product (or process) over its lifetime.

Since, as we have seen, there may be a

time lag of several years between input
and ou:put ali computations snouid e
done on the basis of net present value.
Technological assets are difficult to
estimaie in financial terms, although zn
assessment can be made of the market
vaiue of patents and proprietary know-
how. It is therefore easier to multipiy the
two ratios above to eliminate the “techno-
logical assets” term and compute directly
the return on investment (ROI) of the total
technology input/output process.

Net Present Value of OQutput

hi =
Cl Input Investment

Studies by promiinent researchers

‘show ROI ratios of 50 percent. 30 to &0

percent and 33 percent per year, respec-
tively for the chemical industry, the petro-
leumn industry, and 42 companies or stra-

RV




Figurel The Techoology Input/Output Process
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tegic business units of the PIMS data Some organizations are deservedly
base. Therefore, R&D is an activity that famous for their R&D productivity. Bell
yields high overall retum on investment. Laboratories, for instance. has an envia-
commensurate with the inherent high ble record of seven Nobe! laureates and
risk. outstanding scientific and technical pub-
We should not forget that the appar- lications. Yet its R&D yieid has been. up to
ently simple ROI ratio above is the product now. quite low given the problems and
of two separate ratios: R&D productivity financial losses of AT&T technologies af-
times R&D yield. Therefore. in order to ter they started competing in the open
maximize ROI it is necessary to maximize marketplace. ,
both components at the same time. . Conversely, many Japanese compa-
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nies are not known for their high R&D
productivity but have been very smart in
acquiring (rather than developing in-
house) technological assets from the
United States. They have also been ex-
tremely efficient in incorporating their
technologies into. superior high-quality
products, from satellite communication
systeéms to consumer electronics. Clearly,
we can leam from their efficiency.

The General Electric Company has a
remarkable record in terms of both R&D
productivity and R&D yield. If R&D pro-
ductivity is measured in terms of patents
per professional researcher. the GE R&D
Center boasts a ratio that is five times that
of the more famous Bell Laboratories.
The high R&D yield is evident by the fact
that one dollar spent by the GE R&D Cen-
ter produces, on the average, four dollars
of profits from new products, and that the
profitability of these new products is dou-
ble that of the established product base.

In conclusion, corporate manage-
ment and staff must cptimize both the
technology input and output process. The
first can be done by motivation and busi-
ness directicn of the R&D people, the
second by ensuring efficient technology
transfer from the R&D laboratories to the
operating units.

We will discuss now the criteria for
selecting the most appropriate technol-
ogy acquisition and technology utilization
modes.

Technology acquisition: Make or buy?

Many corporate officers believe that tech-

_nology developed through in-house R&D

is superior and more prestigious than ac-
quired technology. This is not always the
case: the “make or buy” decision depends
on the rates of market growth and of tech-
nological progress, as shown in Figure 2.

Let's look at four different situations
in terms of the “make or buy” decision:

1. If the rate of technical progress is
slow, and if the rate of market
growth is moderate. and if there.
are significant barriers to possible
new entrants, then in-house R&D
is the preferred solution. The rea-
son is that R&D, if successful, will
result in a temporary product or
process monopoly that the com-
pany can exploit to maximize mar-
ket share and profitability. A clas-
sic example is GE’s researcn into
the behavior of elements under

Figure 2 Technology “Make or Buy™ Selection Criteria

* Joint R&D -

Market Growth Rate

s Fast Slow
= :
- N
2 ¢ Acquisition - ¢ Monitor ;
Y + Cooperation
- N
= Fast ;
g |
3
E . License-in o In-House R&AD |
’ - ¢ External R&D i

Slow v ll
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extremely high pressures and
temperatures, which yielded

. “man-made” industrial diamonds.

Although the original patents,
granted in the 1950s, expired
many years ago, GE maintains its
market leadership, thanks to pro-
prietary process knowhow. An ai-
temnative to in-house R&D, which
is becoming more popular,.is to
contract for external research or
to participate in joint R&D pro-
grams, carried out by universities,
independent laboratories, or joint
research corporations. This, of
course, means sharing the results
of R&D with others, who may be
competitors, and reduces the
company’s strategic advantage in
the marketplace. -

If the technology is moving rapidly
and the market is moving siowly,
a major effort in R&D may be very
risky, since it may lead to devel-
opment of an uitimately obsoles-
cent technology or of one for
which there is no market. A more
prudent strategy is to monitor the
various competing technologies
and keep abreast with their pro-
gress, in.order to be ready to
move as soon as the winner
emerges. (We will discuss technol-
ogy monitoring and forecasting in
Chapter IV.)

If the technology is moving slowly
and the market is moving fast
there is not enough time for in-
house development. The appro-
priate strategy is to license-in the
technoiogy. This should be done
on an exclusive basis if the barri-
ers to entry are high, and on a less

- expensive non-exclusive basis if

the barriers to entry are low. In
some cases, acquisition and ex-
ploitation of licenses may lead to
technical independence. For in-
stance, a french electrical manu-

facturer initially acquired pres-
- surized-water nuclear reactor
licenses and knowhow from West-
inghouse. Progress was rapid. and
France now generates 70 percent
of its electrical power from nuctear
power plants and is considered the
world's leader in this technology.
The license has now been con-
verted into a joint technical coop-
eration agreement. Similarly, the
Japanese “miracle” was based on
a massive acquisition of licenses
that were then used as the basis
for in-house R&D (initially mostly
development). Through this strat-
eqy, the Japanese licensees were
able to catch up with their licen-
sors and, in several cases, to over-
take them technologically and
commercially, as evident by the
demise of the $8 billion U.S. con-
sumer electronics industry. '
4. If both technical progress and
market growth are fast the licens-
ing-in sohition may lead to acqui-
sition of an obsolescent technoi-
ogy. In that case, it is better o
acquire a company or.- business
unit, one that is well established in
the field, to obtain the benefit of
its knowledge of the market and
of competing technologies.

A complementary way to look at the
various modes of technology acquisition
is to consider:

— The degree of strategic aduvantage
available to the company after impie-
mentation. This strategic advantage
depends upon the degree of auton-
omy in utilizing the technology (for
instance, licenses and cooperation
agreements may have restrictive geo-
graphic or application clauses) and
upon the uniqueness of the technol-
ogy (for instance, other licensees or



partners in joint R&D programs will
have access to the same technotogy).
— The time detay needed to incor-
porate the technology into the com-
pany’s assets and thus to be ready for
implementation.
— The relative cost.of acquiring the
technology. :
— The relative risk that the acquired
technology cannot be incorporated in
the company’'s assets and imple-
mented (for instance, General Electric
acquired a small entrepreneurial
company specializing in liquid crystal
displays. but the key technical people
_left before the technology could be
incorporated into GE's products).

The technology acquisition modes
discussed above are ranked in the table
below according to these criteria. Obvi-
ously, there is no "best” mode. The final
choice will depend on both the environ-
mental conditions, as discussed above,
and the importance and role of the spe-
cific technology for the company’s busi-
ness strateqy, as will be discussed later
(Chapter V1.

Technology utilization: Incorporate or sell?

Normally a company can obtain maximum
returns from its technological assets by
incorporating the technology into its
products, processes, and services. Strat-
egies and modes for this intemal utiliza-
tion of technology are the main themes of
this study and will be discussed in detail
in Chapters V and V1. There are. however,
cases where it may be more advanta-
geous, even necessary, for a company to
sell its technological assets. Here are
some examples of such situations:

— Technological assets may have
‘been acquired that do not fit into
the company’s business scope
and strateqy. (GE Nobel laureate
Ivar Giavaer obtained several pat-
ents for the detection of infectious
diseases. Since GE is not a phar-
maceutical business, it decided 0
sell these patents to a new bio-
technology venture, Bioquest [n-
ternational, in exchange for a mi-
nority equity position.)

— There are markets that the com-

Table
Ranking of Technology Acquisition Modes
Strategic :
Mode Advantage™ Delay** Cose™* Risk=

In-house R&D 1 7 5 2

Acquisition of 2 Company 2 3 H 5

External R&D 3 4 4 3

Joint R&D 4 5 3 4
~ Cooperation Agreement 5 6 5 °

License-in 6 2 2 i

Monitor T 1 1 v

*Rank: 1—highest T—lowest

**Rank: l—lowest 7—nhighest
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pany cannot attack directly be-

cause of custonT barriers, closed

distribution networks, or the like.
(Westinghouse, for exampie,
could not manufacture nuclear re-
actors in the United States and im-
-.port them into france because the
only customer, Electricité de
France, was owned by the govern-
ment and purchased only equip-
ment manufactured in that coun-
try. Therefore, Westinghouse had
to license a French manufacturer
and later convert this license into
a technical cooperation agree-
ment.) :

Licensing may be utilized as a
strategy for “controlling” powerful
competitors and encouraging
them not to develop their own pro-

prietary technologies. (After the

introduction of "man-made” dia-
monds, for instance, GE offered a
license to its major competitor,
DeBeers, which mined and sold
diamonds to both the jewelry and
industrial markets. DeBeers
elected to acquire the GE process
rather than face the high cost
time delay, and risks associated
with deveioping its own.)

By oifering licenses to a large
group of actual or potential com-

petitors, a company may encour-
age the industry to adopt stan-
dards consistent with the
company’s technology and thus
gain leadership in the industry
and world market. (To illustrate, in
order to establish the VHS as the
dominant video standard, Mat-
sushita licensed companies in
many countries. A similar ap-
proach is being adopted by two
rival groups of U.S. computer
manufacturers to standardize
their UNIX operating systems.)

To assure a more reliable supply
of components, companies may
exchange their technologies with
other technologies of interest to
them. (For instance, several mi-

croprocessor companies “swap”

technologies in order to. practice
double-sourcing through cross-li-
censing.) '

. Cross-licensing between corpora-

tions may ensure access to new or
improved technologies and avoid
expensive lawsuits for patent in-
fringements. (For example, GE
and IBM and GE and AT&T have
exchanged licenses in several
technologies not directly related
to their principal product lines.)



Chapter 3

The Optimum Investment Level
in Technology

Wm:rz Askep “How much should the
company invest in technology?”
many corporate managers and staff mems-
bers, particularly those with a scientific or
an engineering background, reply, “The
more the better!” or “All that we can af-
ford!” Such a strategy, while apparently
praiseworthy, does not always lead to op-
timum growth rates and financial retums
for a corporation. In practice, the opti-
mum investment level depends on more
detailed considerations, such as the na-
ture of the industry and the market posi-
tion of the company or business unit.
(Technological strategies and their effect
on R&D investment will be discussed in
Chapter V1.)

Nature of the business

Technology-intensive industries (also
called "“high-tech” industries) are charac-
terized by two factors: (1) a high R&D
expense/sales ratio, from 5 percent to 20
percent. and (2) a high ratio of technical
to total employees (for instance, one out
of ten). Typical are the aerospace, instru-
ments, pharmaceutical, computer, opti-

cal, and electronics industries. In con-
trast, in technology nonintensive
industries (also called “low-tech” indus-
tries), the corresponding ratios are much
lower: from less than 1 to 3 percent in
R&D expense sales or only one technical
employee out of 50 or 100. Typical indus-
tries are food processing, textiles, ce-
ment. wood products, and rubber. Thus,
the first benchmark for setting the level of
a company’s R&D effort (or equivalent in-
vestment in acquired technology) is the
industry’s average, everything else being
equal.

The valuation by the stock market of
a company’s shares strongly supports this
point. The efficient theory of the stock
market states that the collective judgment
of investors and analysts is the best pos-
sible evaluation of future eamings, and
therefore the value of a company. A study
by John Giiman of Amoco Corporation

-into the relationship of stock market val-

ues (number of shares outstanding times
share price) of chemical companies ver-
sus their respective R&D expense/sales
ratios found that the optimum R&D/sales
ratio, corresponding to the highest ratio
of stock market value/sales, was close. to



industry average. Also, the stock market
attributed a 40 percent premium to the
value of companies operating close to the
optimum R&D/sales ratio, compared to
companies having minimum R&D expen-
ditures. In other words, .in this particular
case, mvesting every year 3 to 4 percent
of sales in R&D boosted the total com-
pany value by 40 percent.

More important, this premxum de-
creased gradually for companies with
R&D/sales ratios higher than optimum
and disappeared for R&D expenditures
equal to about twice the optimum ratio.
Thus, it appears that the stock market. an
omniscient Delphic oracle, penalizes
equally companies performing too little
or too much R&D. The first group suffers

from risk of technological obsolescence;’

the second group is exposed to the high
risk of investing too much of their eamn-
ings in technologies that may not become
operational for a long time.

Market position

Every company has limited resources—for
instance, human and financial. Manage-
ment's role is to allocate these resources
where they will contribute the most to
corporate objectives. Under certain condi-
tions, it is more effective to shift resources
from R&D to marketing.

The PIMS (Profit Impact of Market
Share) project was originally started by
General Electric Company to determine
the relationship between profitability and
market share. This project was transferred
later to the Strategic Planning Institute
with its impressive  data base of over
2,000 diverse product and service busi-
nesses operated by 200 U.S. and Euro-
pean companies, members of the Insti-
tute. In-depth statistical analysis by PIMS
researchers has confirmed that profitabil-
ity increases with market share, every-
thing else being equal. The same analysis
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has aiso shown that the optimum leve! of
R&D expense/sales (that is, the level yield-
mg maximum retum on investment) also
increases with market share. If market
share is low (12 percent), the optimum
R&Disales ratio is approximately 1 per-
Ccentand ROl is 18 percent: if market share
is high (26 percent), the optimum R&D/
sales ratio is approximately 3 percent,
and ROI reaches 32 percent.

This means that a company is better
able to exploit its R&D efforts if it is al-
ready well established in the marketplace.

Consequently, if a company has a low

market share, an appropriate strateqy
would” be first to allocate its limited re-
sources to marketing and. then, after it
has built up market share, to shift gradu-
ally some of these resources from market-
ing to R&D.

Skritegic benefits of R&D

Studies of the PIMS data base have re-
vealed the strategic benefits of increasing
R&D expenditures to the optimum level.
Positive correlation was found between
R&D expense and:

— Sales growth (businesses in rap-
idly growing markets tend to
spend more on R&P in order to
maintain or improve market
share).

Product quality, which, in turn,
yields higher return on invest-
ment. (IBM, for instance, has con-
sistently maintained top quality in
products and services, discontin-
uing products with low perceived
quality such as the PC Junior or
“Peanut.”)

Rate of introduction of new prod-
ucts, which, in tumn, lead to gains
in market share and profitability.
(Roland Schmitt of .Qeneral Elec-
tric estimated that the new prod-



ucts from the GE R&D Center dou-
bled the profitability of older GE
products). )

Gross margins, lagged by new
product development time that av-
eraged 3 to 4 years (one percent
of sales revenue spent on R&D
increased gross margin by 1.1
percent. compared to 0.9 percent
for marketing-and 0.7 percent for
administration and other over-
head). . -
Retum on investment (ROI). For
businesses with low or medium
investment/revenue ratios (less
than 52 percent), increasing the
R&D/revenue ratio from less than
0.25 percent to more than 2 per-
cent increased ROI by approxi-
mately 33 percent. For investment
ratios higher than 52 percent, the
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corresponding increase in ROl
was approximately 20 percent.
(Because of the time lag dis-
cussed above, leading technol-
ogy-intensive companies such as
General Electric, IBM, Siemens,
and Philips maintain almost a con-
stant level of R&D expenditures
through the short-term economic
cycles to safeguard their ROI levels
and also to avoid repeated layoffs
and hirings of key technical per-
sonnel).

In summary, chief executive officers
and their staffs should attempt to deter-
mine the optimum amount to invest. in
technology and what are the most suit-
able modes for acquisition. The next step
is to determine in which technologies to
invest and when.




e Chapter 4

Wﬁére and When to .‘Itiwest
in Technology

ODCRY TECHNOLOGY is so highly diversi-

fied and fragmented into a muttitude
of disciplines and application fields that a
company with an homogenous line of
products, or a strategic business unitina
diversified corporation, should concen-
trate its limited resources on the “core
technologies” of the business, acquiring
the “supporting technologies” from out-
side.

Core technologies

Core technologies are those that are criti-
cal for advancing the key performance
parameters of the product (or process,
systemn, or service). Sophisticated cus-
tomers select and acquire a product on
the basis of its functional utility, which. in
turn, depends on key performance para-
meters and the performance/cost ratio, or

the “figure of merit.” For instance, aircraft

engines are evaluated according to two
key parameters: thrust/weight and fuel ef-
ficiency. plus considerations of noise, pol-
lution, reliability, and of course cost. It
turns out that the two key parameters de-
pend primarily on the development of new

18

alloys that will be able to operate at high
temperatures with high mechanical
strength. Thus the metallurgy of high-
strength, high-temperature alloys is the
foremost core technology of aircraft en-
gine manufacturers, such as United Tech-
nologies, General Electric, and Rolls
Royce. Other related core technologies
are corrosion resistance, fluid flow, heat
transfer, and combustion.

To remain competitive. an aircraft en-
gine manufacturer must always operate at
the state-of-the-art in these core technol-
ogies, and that means investing heavily in
R&D activities, with all the necessary facil-
ities and equipment. On the other hand.
an aircraft engine manufacturer need not
be expert in the supporting technolo-
gies—for example. noise and pollution
measurement. The appropriate instru-
mentation may be acquired from sup-
pliers, such as companies or independent
laboratories specializing in these fields.

Limited life of core technologies

It is not difficult for a company’s scientists
and engineers to identify the core tech-



nologies and recommend to manage-

ment appropriaté levels of investment in
manpower and facilities. A major prob-
fem, however, arises from the fact that in
technoloqy-intensive industries core tech-
nologies have limited life. For instance,
mechanical typewriters were displaced
first by electrical typewnters. then by word
processors, which are now being replaced
by personal computers. Future core tech-
nologies, then, are those technologies
that have the.potential of displacing the
present core technologies.

Technology assessment and technol-
ogy forecasting are useful to establish the
relative merits and timing of emerging
- and developing new technologies. To il-

lustrate this point, consider a simple func-
. tion: shaving. Some time ago people used

razors with removable blades. The core

technologies of the razor and blade man-
ufacturers were the metallurgy of the

blade steel. the automated manufacture -

of the blades. and quality control. As peo-
ple shifted to electric razors, blade metal-
lurgy and manufacture remained core
technologies, but a new.technology was
added: the design and production of min-
iature electric motors with low energy con-

sumption. Batteries of low weight and

high-storage density were required. but
this supporting technology was usually
procured from other strategic business
units or outside suppliers.

What are the future core technologies
in this instance? It:appears that since
blades, electric motors, and batteries are
components based on relatively mature
technologies. no revolutionary improve-
ments in the perforrmance parameters of
electric razors are to be expected. On the
other hand. depilatory creams that will
remove hair through the application of
safe chemical or biological agents appear
to have promise. If successful, these
creams will replace razors within a diffu-

sion period, which may take three to 20

Years. The new core technologies will be
chemical, pharmaceutical, and biologica}

and will have nothing in common with the
present core technologies.

Thus, two key strategic challenges for
management are: How do we identify fu-
ture core technologies and when do we
switch? To answer these questions. we
must look at the technology life cycle.:

The technology life-cycle

‘Technologies, just as products, go

through life cycles and are replaced
sooner or later by superior technologies.
Figure 3 shows 2 typical technology life-

-cycle S-shaped curve. The vertical axis

measure is the “figure of merit.” that is, a
measure of the relative value of the tech-
nology to the user. Such “figure of merit”
could be performance/cost for comput-
ers, efficiency for steam turbines, thrus¥
weight for military aircraft engines, or
yield for a chemical process.

We can distinguish several stages in
the S-curve using as an example the evo-
lution of superconducting materials in lig-
uid helium at the General Electric Com-
pany and its spinoff firm Intermagnetics
General Corporation. ‘Superconductivity,

. the ability of certain alloys and com-

pounds to carry electricity without losses,
was discovered by the Dutch physicist
Heike Kamerlingh Owens in 1911. This
phenomenon remained a laboratory curi-
osity for 40 years, because it appeared at
very low temperatures, which could only
be obtained by liquifying helium, a rare
gas, at —269°C (4° Kelvin).

By 1960 the GE R&D Center decided

- to perform basic research and some de-
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velopment (note the 50-year time lag be-
tween scientific discovery and the begin-
ning of commercial R&D). Let’s look at
the various stages of technology de»elop-
ment in_ terms of Figure 3.

1. Embryonic Basic research was
carried out to understand the physical
theory underlying the phenomenon that
led to a Nobe! prize for GE’s researcher



Figure 3 - The Technology Life Cycl;
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Ivar Giavaer in 1973. Concurrently, small
samples of various superconducting al-
loys were manufactured and tested.

2. Start up. Possible applications

were investigated. and the world's first .

100 kilogauss (10 Tesla) superconducting
magnet was built by GE and. delivered to
Bell Laboratories. However,
was too small and the risk too high. so
QE, rather than going into the business
directly, encouraged members of the re-
search team to set up their. own new ven-
ture, Intermagnetics Qeneral in 19635.

This company grew:- slowly because the.

market for such magnetswas limited to
research laboratories.

3. Growth. In 1978, a new modality
for medical diagnostics, magnetic reso-
nance imaging (MR!), was developed by
General Electric and its competitors. This
required the construction of large super-
conducting magnets in which patients
could be examined. and the market sud-
denly- increased from tens of millions to
billions of dollars. lntermagnet!cs General
has now $12 million/year of sales, and QE

the market

is now producing its own superconducting
maghets.

4. Maturity. Business for helium-re-
frigerated superconductors is still boom-
ing but the recent discovery of IBM scien-
tists and others of materials that operate
at liquid nitrogen (—196°C, 77° Kelvin),
and are therefore much easier to refriger-
ate, has shiﬂed all R&D e{forts to these
new materials.

5. Obsolescerce. As soon as these

_new. superconducting’ materials- can be

mass-manufactured, they will replace
present superconducting materials, which
will therr become technologically obso-
lete. (According to some authorities, this.
may take five to ten years, desplte intense
worldwlde efforts.)

‘Evamaang emerging versus mature

technologze.s

_ A corporation must be on the lookout for
" emerging tec.hnolog;a (normally ‘in+the

start-up stage, since those in the embry-



onic stage are too difficult to identify) that
may replace its core technologies. At the
same time, it is necessary to detect early
waming signs that a.technology is achiev-
ing maturity and, therefore, its benefi
cost curve is flattening out. According to
Richard Foster of McKinsey some of these:
signs are:

— Loss of creativity and productivity
of R&D personnel who would pre-
fer to work on more exciting and

potentially rewarding technolo-

gies. )

— The gradual shift from product in-

- novation to process innovation;
that is, from improving the prod-
uct characteristics to improving
the process for purposes of cost
reduction. E
The appearance in the market of
new competitors with more ad-
vanced technologies.

Equivalent efforts (in terms of people
and dollars) to advance competing tech-
nologies, will yield much higher improve-
ments in cost/performance for the emerg-
ing technoloqy than for the mature one.
This identification is done by the process
of technology ‘ monitoring. and - forecast-
ing where one attempts to project and
compare the S-curves of competing tech-
nologies. - .

Rather than setting up a specialized
group for-this purpose, it is simpler and
much less expensive to fely ‘on “tectino-
logical'Gatekeepers” within the company.
These . are" sclentists - or-.engineers ‘who,
regardless of.their -specific job assign-
ments, keep up with the progress of the
state-of-the-art of the technologies that
interest them. They do this, often on their
own time, by reading technical magazines
and patents, by going to technical meet-
ings. and especiailly by maintaining an
informal network of contacts with peers in
universities, laboratories,-and-industry
and professional societies. Management

should assist and reward these technoloqg.
ical gatekeepers and encourage their ¢q.
workers to make use of their expertise. In
fact. some companies issue technical gj.
rectories where these gatekeeper persons
are listed according to the fields of tech.
nical expertise.

Switching technologies

Switching from a mature or obsolescent
technology to a new one in the growth
stage is vital for advancing the business
and maintaining competitive advantage.
Consider, as an example, the case of tel-
ephone switching systems (Figure 4).
Originally, telephone switching (that is,
connecting the caller to the called person)
was done manually by telephone opera-
tors.  The rate of growth of subscribers

- and their calls was so fast that. at the end
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of the last century, it was forecasted that
by 1920, the entire female population of
the nation would be working at the man-
ual telephone switchboards. The Strowger
electromechanical rotary (step-by-step)
system was introduced in 1892 and per-
formed yeoman service for many, many
years. However, it was noisy, used exces-
sive space and power, required continu-
ous maintenance, and was not suited for
data transmission. In the thirties, Erics-
son of Sweden and the Bell System deve!-
oped a superior (in terms of performance/
cost) electromechanical system, the
Crossbar, which is still manufactured to-
day in many countries. .

The application of computers and
semiconductors led to the design of all-
electronic switching systems, with highly
superior performance (in terms of reliabii-
ity and additional capabilities-for data and
video). As can be seen from Figure 4. the
three technologies form an S-curve of the
type previously discussed (Figure 3) that
at the same time, shows both the increasé
in performance/cost and the increase in




Figure 4 Technological Evolution of Telephone Switching Systems -
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volume of traffic; Thus the telephone in-
dustry, in contrast to others (such as steel
or railroad transportation), has continued
to grow despite its maturity and has
avoided technological obsolescence. In
fact. the merger now in progress of com-
. puters and communications technologies
may bring about a third discontinuity that
will continue the growth of the industry
- and delay further obsolescence. v
While switching to new superior tech-
nologies is good for the industry, it may
not be advantageous for the dominant
supplier—in this case. the Bell System
(AT&T). Because of its monopolistic posi-
tion and the heavy investmment in installed
switching systems, which were only par-

tially depreciated. Bell was slow in switch- -

ing from electromechanical to electronic
technology. particularly in private auto-
matic branch exchanges (PABX). This dis-
continuity was instead exploited strategi-
cally by Northemn Telecom. the leading

1875
TIME

(3]
(38

Canadian manufacturer of telephone

. equipment. By switching to the electronic

technoloqy before Bell. Northern Telecom

. was able to invade the U.S. market from

the much smaller Canadian rmarket which
is one-tenth that of the United States. In .

- the early sixties, Westerrr Electric (now

AT&T Technologies, the-manufacturing

. arm of the Bell System) provided at least - ,

90 percent of the.installed U.S. PABX
equipment. Now, it makes only about 30
percent and Northem Telecom 4Q percent.
Northern Telecom has used.the Canadian
and U.S. marKets as springboards to con-
quer the world. It developed digital switch-
ing systems ahead of Bell. and in fact it is
now the world's leading producer of such |
systems, with 80 percent.exported. Thus,
switching to the right technology at the
right time has given Northen Telecom a
sustainable competitive advantage in re-
lation to dominant suppliers in the United
States, Europe, and Japan..



When to switch :

As we have seen, timing is critical. A pre-
mature switch from an established proc-
ess or a product well-accepted in the mar-
ketplace that produces substantial
eamings and positive cash flow may “kill
the goose that lays the golden eggs.”
Such a premature switch may imply the
write-off .of production facilities not yet
fully depreciated and the assumption of
heavy front-end expenses for retaining
production, maintenance, and sales per-
sonnel. On the other hand. “hanging on”
to an obsolete product or process may
lead to a significant loss in market share
to more aggressive competitors, with con-
sequent sharp declines in profitability,
and may even jeopardize the future of the
entire corporation. . )
An appropriate strateqy for a techno-
logical and market leader, such as IBM,
would be to develop the new technologies
- and keep them “on the shelf,” in order to
De ready to switch at the most opportune
time. Such optimum timing would be de-
termined by external forces such as the
changing needs.of customers and com-
petitive actions, and by internal consider-
ations, such as profitability and cash flow.
In practice, studies have shown that
most companies tend to switch too late
from an obsolescent to more promising
technology. A striking example is given by
the fate of two major producers of me-
chanical cash registers: .Burroughs and
NCR. Both companies recognized earty
the -importance of an emerging technol-
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-caily obsoleté equipment. The CEO was|

ogy—electronic computers—and. in fac:
both tried for a while to compete with (B
in the electronic data processing bus;i.|
ness. Burroughs switched early (1971)
from electro-mechanical to electronid
cash registers. In the same year NC

made the decision to stick to electro-me.
chanical technology and to invest heavily,
in improving the existing plant. The re.
sults.of this wrong technological decision
were traumatic for NCR. The market share|

of electro-mechanical cash registers de.

clined from 90 percent in 1972 to 10
percent in 1976. NCR was forced to write-|
off $140 million of “new” but technologi-

fired, 80 percent of the top executives lost|
or changed their jobs, 20,000 workers
were let go, and stock fell in price from
$45to S1a. . :

In contrast to NCR; the Olivetti Com-
pany switched at the right time from me-
chanical to electronic typewriters. Is larg-
est plant in Ivrea. italy, was closed down
for six months and completely rebuilt. Al-
though in italy workers cannot be let go,
Olivetti obtained the agreement of the
very strong local unions. to temporary lay-
offs and reduced-time work. During these
six months, most of the workers were re-
trained, and some of the older ones were
retired early. Olivetti thus maintained its
worldwide leadership in typewriters and
word processing, while developing its per-
sonal computer business.

Clearly, switching to a new technol-}
ogy may be risky, but it may be even
riskier not to switch in time.




- Chapter 5

Evaluatmg a
Firm’s Technological Assets

Y 1MvesTInG in the present and future

core technologies, a company. builds
up its technological assets. However, be-
cause technologies evolve rapidly and a
firm’s strategy and product scope change,
it is necessary to assess regularly the
value of these technological assets to the
company. This evaluation is best done in
two steps: .

First by developmg the technology/
product matrix. and

Second, by assessing the competitive
position of the firm in the key core tech-
nologies.

The product/technology matrix

For each homogenous product line, it is
first necessary to identify the core tech-
nologies that the firm needs to master in
order to maintain and improve its compet-
itive position, and the support technolo-
gies that can be obtained from suppliers
or other outside sources. For instance, let
us look at the electric fork-lift trucks prod-

uct line of a hypothetical manufacturer of’

small carts and trucks. Among the present

core technologies are: lead acid batteries_

to store energy, static power converters
and motors to convert electric power into
mechanical power, control systems to dl-
rect movements of the truck and the fork
lift. and reinforced plastics to reduce the
weight of the body of the trucks. Future
core technologies might include: new en-
ergy storage systems, robotics (to replace
human-controlled trucks), and computer-

- ized automatic part storage and retrieval

systems. Supporting technologies would
include distance sensors to detect ani-
mate or inanimate obstacles and auto-
matic emergency braking systems.

The same exercise would be repeated
for other comp=ny product lines—for in-
stance, gas-powered fork-lift trucks, wire-
guided electric transporters, and goif

~carts. The result would be the product

technology matrix of Figure 5, indicating
which products utilize which technologies
and how important these technologies are
for each product. according to the scale:

- High. Medium, Low, and MNone. The evaiu-

ation of the importance of the technoloqy
should be made for the time period of the
product line plan or of the company’s sta-

tegic plan, usually for a minimum of five
years. As shown in Figure 5, a direct of




weighted average can be made to deter-
mine the importance of the technology
for the company as a whole. The weighing
factors could include the strategic impor-
tance of the product line, its market posi-
tion, and the leverage that technology
may have in Improving the competitive-
ness of the line. ’ ’

The technology importancelcompetitive
Daosition matrix

After having analyzed the importance of
all core technologies for the company, the
competitive position of the company
should be evaluated for each technology.

This assessment is best done by knowl- |

edgeable company engineers and the pre-

viously discussed “technologicai gate- .

Keepers,” with the help of outside
consultants to avoid the NIH (“Not In-
vented Here”) syndrome. The resuits can
be plotted in the matrix of Figure 6 that
shows the position of each technology in
relation to the importance for the com-
pany (according to the previously used
High, Medium, and Low scale) arid the
company’s competitive position (accord-
ing to the Lead, Equal, and Follow scate).

Figure 3 The Producd'rec}xnology Matrix

Importance of

Positioning the core technologies

The aggregate position of the core tech-
nologies in the matrix making up Figure 6
shows the value of the technological as-
sets of the company. Obviously, a com-

pany with most technologies in the upper |

left-hand comer (high-lead) is much bet.
ter off than one with technologies scat-
tered all over the matrix or, worse,
bunched towards the lower right-hand cor-
ner (low-follow). More important, the ma-
trix indicates what strategies could be ap-
plied to each technology. Here are some
examples:

T1 and T6. The company leads in
these technologies, which have high im-

-portance for the business. The company

should continue to invest in R&D for these
technologies, to maintain and improve
the company’s competitive position in-the
marketplace.

T4. The technology is of high impor-
tance for the company, but the competi-
tive position is weak. Depending on the
time window available for catching up, the
company should either initiate a major
R&D program or acquire the technology
in order to follow the direction of the ar-
row from “follow” to “equal.” If this is not

Technology Products
P1 P2 P3 . PN Company
T1 f L M M | — M
2 1 ) L M H | —|
3 TS H M H 0 |—| H
™ | L M 0 (A . L

Importance of Technology: H = High, M = Medium, L = Low

Q. = None
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,* Figure 6 The Technology Importance/Competitiveness Matrix
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possible, the corresponding product lines
should be harvested since they will grad-
ually lose their competitive position.

T5. The company leads in this tech-
nology. but the importance to the busi-
ness is low. There are two possible strate-
gies: Either it can incorporate this
technotogy into existing or new products
of higher importance to the company, fol-
lowing the direction of the arrow from
“low” to “medium”; or it can sell the tech-
notogy by licensing it to other companies
for which it has higher importance, or
start a joint venture to leverage the
strengths of the partner.
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T3. The company has a weak posi-
tion in this technology, which has low im-
portance. The appropriate strategy is to
stop all investment in this area (except for
some monitoring) and, if possible. sell
the technology—for instance, to a devei-
oping country.

T2. The value of this technology to
the company is not clear. The company
could try to shift the position towards the
high-lead comer or else could exploit it in
a limited market niche, although that
niche may eventually disappear.



C hap ter 6
Technological Strategies

As WE HAVE seen in Chapter Il, a com-
pany, to gain a competitive advantage
from its technological assets, must incor-
porate the core technologies into the
company’s products, systems, services,
and processes. In general. the payoff will
be considerably higher than the gains to
the company from selling its technology
outright or through a joint venture, but
the risk may also be higher.

It is very important to note at this
point that a sophisticated customer pur-
chases new technology-intensive prod-
ucts not because they embody the latest
" technological advances but rather be:
- cause they provide improved or new func-

tional utilities—that is, customer benefits.-

The customer is concemed only with the
functions performed and their benefit/
cost ratio, not with the underlying tech-
nology (“what’ the product does, not
“how” it does it). Thus, the buyer's role is
to specify the desired functions, and the
supplier’s role is to select the most appro-
priate technology (not necessarily the
most advanced) that will efficiently per-

form these functions. Professor Eric von

Hippel of MIT has shown that, in general,
the -higher the value to the user (cus-
tomer) of a technological innovation, the
higher the retumns to the innovator (the
supplier).
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Tech.nology as the basis for congoetztwe
advantage

Looking at technology as the basis for
competitive advantage, it can;

— Improve the customers benefiv
cost ratio by providing new or im-
proved products, systems, and
services that are superior to those'
available in the marketplace (from
the company and its competitors).
Offer products and services with
the same benefit/cost ratio (for the
customer) but lower total cost to
the company.

In the first case (innovative products),
the firm. may gain competitive advantage
from the higher performance of the prod-
uct to:

— Create a totally new market. which
had not been targeted by compet-
itors. (For instance, Apple created
the personal computer market,
which had been ignored by Hew-
lett-Packard, IBM, and DEC.)

Catch up with and. overtake com-
petitors that created the new mar-
ket. (1BM developed the PC several



years after Apple, but it now has a
higher market share.)
Develop a replacement market for
products of mature technology.
(General Motors diesel-electric lo-
comotives replaced within 22
years 60 percent of all steam lo-
comotives.)
Establish a limited .market niche
* that can be protected from com-
petition through a strategy of dif-
ferentiation. (Cray Research is now
the world leader in supercompu-
_ters.)

[n the second case (lower total cost of
products), a firm may decide to change
the technology embodied in a product for

various reasons. Using the telephone as -

an example, developments

— Lowered production costs by, for
example, replacing manual weld-
ing-with robots. }
Increased reliability or maintain-

- ability through, for instance, the
replacement of rotary Strowger
systems by crossbars in telephone
‘private branch exchanges.
Improved efficiency, with. for ex-
ample, digital voice transmission
replacing analog transmission in
‘local telephone loops, thus carry-

2. Fast follower. . . and overtaker
3. Cost minimization
4. Market niche.

Let’s look at these four strategies and
compare them in terms of the required
investment level, risk, and impact on per- -
sonnel selection and organization.

First-to-market strateqy. The first-
to-market strategy is offensive, with po-
tential high rewards but also high risk. It
is often used by new entrepreneurial high-
tech ventures and by more progressive
established firms, such as 3™ and GE. A
new technology, or a new synergistic com-
bination of existing technologies, is ap-
plied to introduce to market a product
embodying a radical technological inno-
vation, which will yield high functional
utility to the user. If this competitive ad-
vantage can be sustained—for instance,

- through solid patents and proprietary

ing more conversations in a single -

circuit.

. The customer sees no change in the
functions performed but benefits in terms
of reduced price and higher.quality of
service. The. firm benefits from higher
margins due to the lower production and
maintenance costs. -

The various options described above
lead to four basic technological strategies

or, more precisely, four business strate-

gies where technology plays a dominant
role:

1. First to market (new or replace-
ment) . o
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knowhow—the company enjoys a tempo-
rary monopoly that can be exploited to
optimize market volume and profits. Po-
laroid's instant photography, based on
patents that have kept Kodak and all other
competitors out. is a classic example of
such a strategy.

In other cases, it may not be possible
(or even desirable, in view of the antitrust
legislation) to keep all competitors out.
However, a company may maintain a lead-

'ing market share for a long time, thanks

to an initial technological leadership that
was converted into market leadership. For
instance, General Motors first developed
diesel-etectric locomotives in 1935 and
now,* 54 years later, still commands a .
market share of 60 percent. while GE. a
latecomer to this business, has about 30
percent. Similarly, Motorota, the leader in
mobile radio communications, still has

‘about 60 percent of the market it devel-

oped about 40 years ago. - )
The initial competitive advantage in
this first-to-market strategy derives from
the fact, already noted; that original tech-
nology, properly protected. givestoa firm



a temporary monopoly that is legally en-
forceable. A monopolist thus can control
the price charged. which, in turn, deter-
mines the volume of goods sold, accord-
ing to the price elasticity relationship.

What is the optimum price for this?
There are two basic pricing strategies:

Pricing for maximum profit. Eco-
nomic theory shows that a monopolist can
maximize profits by choosing the opti-
mum price/volume combination. By set-
ting a high price, the profit per unit sold
will be high, but the number of units sold
will be low and the revenue = price X
units will also be low. By setting a low
price, the number of units sold will be
high, but the profit per unit will be low
and therefore the revenue aiso low. Be-
tween these two extremes there is a price
that maximizes the relationship

profit = units x (price-cost),

keeping in mind that cost decreases with
volume.

Some firms utilize this approach in
order to recoup in a relatively short time
their heavy investment for developing the
technology and taunching the new prod-
uct. They then attempt to keep the price
constant in order to increase profits, as
costs decrease with volume according to
the learning curve. This strategy is shown
graphically by the left hand portion (4) of
the price curve in the upper half of Figure
7. ‘ -
Profits increase with time during the
life of the product. IBM was utilizing this
strategy when it developed a new mag-
netic disk drive memory in 1968. General
Electric, at that time in the computer busi-
ness, had tried unsuccessfully to develop

a similar product. To continue to sell its

computer systems, GE was forced to buy
IBM’'s disk drives in very large quantities.
IBM could not legally refuse to sell to its
competitor, but it refused to offer quantity
discounts and thus maximized profit.
The problem with this “high-price”

- their profits are lower than the leaders.

. Or else were tolerated by IBM because of

" collapsed, often yielding negative profits
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stmtegy is that it creates an umbrella un-
der which competitors may move even if

{ {
-l Wk

This was the case of the “seven dwarfs”
which competed with IBM. producer of
IBM compatible components, such as’
central processors (Amdahl) and disk
drives. These competitors either were able
to get around IBM’s patents and knowhow

- wa =

the danger of being sued under the anti-
trust laws. Eventually, as more and more
suppliers crowded into the limited market
(no less than 30 for disk drives), there was
overcapacity in the industry and prices

for the majority of competitors (B curve in
Figure 7). In such situations a shakeout
ensues (C curve), the fittest survive, and
now the price curve follows the cost curve
with low profits as shown by curve D.
Pricing for market penetration. To
forestall this danger, the market penetra-
tion strategy is adopted by many progres-
sive companies. As shown.by the lower
half of Figure 7, initial price is set at a
level that will encourage penetration by
the early adopters. Then .the price is de-
Creased steadily according to the leaming
curve to ‘spur sales growth. Thus, the
lower profits are traded for faster market
penetration that in turm, will ensure sus-
tainable market leadership by the firm.
Retuming to the introduction of die- I
sel-electric locomotives by General Mo-
tors, their price was initially set at ten
percent below the price of steam loco-
motives. This combination of much
higher performance and lower cost over-
came the resistance of the conservative
management of most American railroads,
which were traditionally tied to their major
customers, the coal mining companies.
As General Motors’ costs came down
on the learming curve, GM reduced its
prices by about half the cost savings (as
shown in the lower half of Figure 7). This,
of course, increased the speed of market
penetration, which, in tumn, yielded con- - §

-
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Figure 7 Profit Maximization and Market Penetration Pricing Strategics
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tinuously lower production costs and
prices. When diesel-electric locomotives
had achieved. 20 to 30 percent market
penetration, the three leading producers
of steam locomotives—ALCO, Baldwin,
and Lima—decided to switch to diesel.
Too late! Their production costs were
probably equal to the initial production
costs of General Motors, but they-had to
charge the same low price as the market
leader, and they lost money on every unit
sold. As a result, ALCO, Baldwin, and Lima
went out of business i a short time, and

QM still enjoys 60 percent of the market.

Thus, to succeed in the long term
with the first-to-market strategy, a com-
pany should either continue to produce a

stream of new products based on techno- -

logical innovations (like GE Plastics and
GE Silicones) or maintain its market lead-
ership ‘through continuous price reduc-
tions, which in tum, depend upon cost
reductions. This is not always easy, as
shown by Visicalc, the pioneer in develop-
ing “spread sheets” software for personal
computers. After the fast initial success,
Visicalc was not able to develop a second
product. was overtaken by Lotus, and is
now bankrupt.

Fast follower . . . and overtaker
strategy. Once a pioneer has demon-
strated that a market exists and is ready
for an innovation, a fast follower moves in
rapidly with a similar but not identical
product developed through innovative im-
itation. Capitalizing on its existing pro-
duction facilities, marketing channels,
customer contacts, company image. and
so on, the fast follower achieves a sub-
stantial market share and may even over-
take the leader.

Electrical and Musical Industries (EMI)
in the United Kingdom pioneered the de-
velopment of CAT (Computer Axial To-
mography) scanners for medical diagnos-
tics. This was a major innovation, of great
humanitarian value, recognized by a No-

bel prize granted to a senior EMl re-

searcher. General Electric, the major
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world producer of conventional X-Ray

equipment, correctly assessed. that the

EMI CAT scanner was a major threat to its
market leadership. Therefore, GE started

a crash program in its R&D center to de- -

velop a similar scanner, without infringing
on EMI's patents. This program was highly
successful, and soon GE, capitalizing on
its established market position with hos-
pitals and clinics, had a leading market
share in this new segment. In the mean-
time, EMI suffered heavy start-up losses
due to the poor reliability and serviceabil-
ity of its product and a shortage of capital.

.EMI then sued GE for patent infringement,

and a settlement was reached whereby GE
acquired EMI's medical electronics busi-
ness and consolidated its worid leader-
ship. This leadership was further
strengthened when recently GE
“swapped” its consumer electronics busi-
ness for the medical electronics business
of Thomson, a leading European pro-
ducer. ’

To succeed with the fast-follower
strategy, a company must:

— Carefully select the optimum tim-
ing for introducing the product—
if too early, the market may not be
ready; if too late. the “window of
opportunity’ may have disap-
peared.

— Leverage ‘its strengths in other
areas than technology, such as
manufacturing, distribution, or
service (as GE did for the U.S. mar-
ket). )

— Creatively differentiate its imita-
tion from that of the pioneer, be-
cause a strictly “me too,” undiffer-
entiated product has little chance
of success in the marketplace (as
GE did through its well-respected
trademark. extended warranties,
application engineering, cus-
tomer training and endorsement
by leading doctors and clinics).




To illustrate further these last two
- points, let us compare the reactions to the

threat presented by Apple to two leading.
computer manufacturers: IBM and Digitat
Equipment (DEC). Both IBM and DEC were’

-surprised and shocked by Apple’s suc-
cess, and both started “crash” programs
to follow Apple’s lead. Their timing was
approximately the same, and both com-
panies had the required manufacturing
capabilities. tHiowever, {BM was able to dif-
.ferentiate its PC on the basis of company

image and reputation, which attracted -

software from many sources. DEC, on the
other hand, developed not one but three
different PCs, each designed by a different
team, that were looked upon by the mar-
Ket as “three more PC models.” Eventually
the Rainbow emerged as the winner of the
three, but it never achieved the sales vol-
ume of Apple’'s and IBM’'s PCs; DEC had
dissipated its limited resources over three
systems and was unable to leverage its
strengths in the marketplace, such as the
loyalty of its minicomputer (VAX) com-
puter base. -
Cost minimization strategy. The
cost-minimization strategy is particularty
effective for mass-produced goods, with
standard features, where significant econ-
omies of scale can be realized through
process innovation. Using this strategy,
the Japanese, and then other Pacific Rim
countries, succeeded in wiping out much
of the U.S. consumer electronics industry.
that,. in its heyday, had $8 billion in sales
and employed 80,000 people. On the
other hand, the recent sale of GE’s $3
billion television and audio strategic busi-
ness unit to Thomson must have been
based on the conclusion that such a saat-
egy is not appropriate for a high value-
added company such as GE.
~ Once the diffusion of a technological
innovation is well under way, the func-
tional differences between products of
various brands become less important
personal selling is replaced by mass mar-
keting and price becomes the dominant

factor in the customner's decision to buy

At this point. a company can standardizé
the product and minimize production
costs through automation, riding down
the learning curve as volume increases. [n
parallel, marketing and distribution costs’
are reduced—for instance, by telemarket-

ing and discount stores.

The company thus strives to become
the lowest cost producer and. therefore,
thg pri.ce leader. By gradually reducing the
price in parallel with the leaming curve
costs, the company forces. less efficient
competitors to withdraw, the market sta-
bilizes, and the company increases fur-
ther its market share. The Japanese were
masters in implementing this strategy.
Because their domestic market was
closed to foreign imports, they were able
to practice a two-tier pricing: (1) full price:
based on first-shift costs with full over-
head, for the domestic market. and (2)
marginal price. based on the costs of the
highly automated second and third shifts,
for the foreign market. Such a forward
pricing in anticipation of the leaming
curve, not only "“shakes out” the less effi-
cient competitors but. more importantly,
discourages from entry the more powerful
patential competitors.

This strateqy was successfully appliec
in the 'S0s and ‘60s by Giorgio Zanussi
an [talian manufacturer of refrigerators,
washing machines, and dishwashers. Af
ter the end of the war in Europe, suct
appliances were still considered luxur
items and were taxed as such. The leadin
North European producers, such as Sie
mens, AEQ, Philips and Electrolux offere:
very high quality but expensive items t
what was a limited market. When Italy’
economy boomed, Zanussi realized th:
there was an untapped market {or smalle
size, less fancy appliances at an affor¢
able cost. He designed his line of app!
ances to minimize total cost (material
labor, distribution, and the like) by pt
ducing appliances of minimum accept

- ble performance but good quality. fe wi -
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able to offer his line at about half the price

_of the established manufacturers and
conquered first in ltaly, then Southemn Eu-

rope.and theMediterranean basin. Unfor-
tunately, he died in an accident, and the
company lost its cost leadership through
repeated strikes and ill-fated attempts to
diversify—for instance, imr home solar
heating systems. As a result. the Zanussi
Company was recently acquired by Elec-
trotux: '

To succeed with this strateqy, a com-

pany must continuously reduce its total .

costs (not just manufacturing costs) while
maintaining an acceptable level of quality.
It is a dangerous illusion to believe that
in the medium or long term, customers
are willing to trade lower prices for quality.
Detroit found this out the hard way. After
the oil crisis car companies attempted to
develop compacts and subcompacts that
would compete with Europeans and Japa-
nese models. Detroit’s quality (as meas-
ured by the number.of defects in a new
car on the dealers lot) was one-half to

one-third that of leading foreign competi- .

tors, such as Toyota and Volkswagen (VW).
Therefore, American consumers were will-
ing to pay premiums of from $1,000.to
$1,500 {equal to 15 to 20 percent of the
cost of the car) in order to obtain the
quality they demanded. and to wait sev-
eral months for deliveries from Japan,
while the unsold Detroit cars filled deal-
ers’ lots.

Market-niiche strategy. The market-
niche strategy is favored by new, high-
tech-ventures that are looking for “a place
in the sun“ in competition with estab-
lished dominant suppliers. Digital, Wang
and Controtl Data all adopted this strateqy
in their initial growth stages, in order {0
compete with [BM.

To succeed. the market niche must be
carefully selected-then adhered to. {f the
niche is too small, the opportunity for
growth is limited. and the saturation point
will be reached in a relatively short time.
Thus, Control Data. in order to continue

to develop. was forced to abandon its
original profitable but limited niche and
corr}pete.' head on with iBM in data proc-
.e;smg. with serious declines in profitabil-
‘ .

If the niche is too large, it is no longer
aniche, and is an attractive target of more
powerful competitors that, up to that time,
have disdained the limited and apparently
unprofitable (for them) market niche. For

‘instance, DEC established itself with the

PDP and VAX computers in the laboratory
and university scientific computing and
data acquisition mmarket a market (BM
had avoided because of its limited initial
size and especially because it demanded
too much application engineering effort
and too many nonstandard components.
However, this market (and consequently
DEC) grew faster than the conventional
business data processing market. Conse-
quently, last year IBM, facing a decline in
revenues and profits, announced that it

intended to attack it with a new product

line. :
Another danger of the market-niche
strateqy is that it may be wiped out by the
progress of technology and the resuiting
merger of previously separate industries,
such as comnputer and communications.
For instance, Wang had carved for itseli an
excellent position in the word-processing
market niche. The rapid progress in mini-
and micro-computer technology has elim-
inated the distincuon beétween word-pro-
cessors and personal computers, and the
latter are now preferred for office work.
Cray Research has implemented very
successfully this strategy and remains the
uncontested leader in the limited. but
highly profitable, market niche of super-
computers. The company’s mission is still
the same as stated by its founder, Sey-
mour Cray, in 1972: “to design and build
a larger, more powerful computer than
anyone now has.” Because of that mis-
sion, Cray decided to concentrate on 2
market niche so small (estimated at 80
users worldwide in 1976 and 400 in 1982)
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and so demanding that competition could
" _not easily break into it- This.niche, how-
_ever;. represents a fast- growing market,
from $260 million in 1984 to over $1
billion.by 1990. By 1983 Cray Research
had installed 88 computers.around the
world. controlled nearly two-thirds of the
market, and had revenues of $170 mil-
lion. net income of $26 million (15.4 per-
cent of revenues), and 1550 highly spe-
cialized employees. How did Cray do it?
- Since the market niche. is so small

Cray Research has identified practicaily all -

its potential customers and can “sell”
them individually “by showing and dem-
onstrating the product. not by making
-claims in magazines to accept at face
value.” In fact. Cray’s advertising budget
is exactly zero! ’ )

But Cray’s leadership is being threat-
ened. On the domestic scene, Control
Data (through its subsidiary ETA Systems)
and IBM. both of which had previously
built supercomputers and abandoned the

- market as too small and unprofitable, are
trying to get back.in the field. On the
international scene. the Japanese have
launched, with government and private
funds, massive research in the fifth-gen-
eration computer, to follow and overtake
Cray Research. - - :

To succeed in this strategy, a com-

- pany should be very selective in accepting

orders that would entail too many “spe-

cials,” or excessive and expensive efforts -

in development and design engineering
to meet the unique specifications of a
customer. The secret is to have one or
more basic designs, which can be easily
and rapidly adapted’to the diverse re-
quirements of prospective customers.

Sizing up the four strategies

Comparing now the four basic strategies
described above, the first-to-market one
is definitely the one that requires the high-

_ est R&D expense and entails the highest

risk of failure.

.- The-market-niche strategy is less ex-
pensive and less risky, but, as we have
seen; may be only valid for a limited pe-
riod if the company continues to grow or
if the evoltution of technology removes the
limits of the niche.

The. fast-follower-and-overtaker strat-
egy. while less risky than the first-to-mar-
ket strategy, may be quite expensive, be-
cause of the-need of implementing, within
the short “window” available for entry, a
“crash” R&D and production facility pro-
gram as well as getting around the pat-
ents of the leader.

Finally, the cost-minimization strat-
eqy, while not generally requiring major
R&D efforts;, will entail major investment
in plant and equipment which may be-
come a “white elephant” if there are major

_reductions in market demand. changes in

customner preference; or most dangerous
of all changes in the dominant technol-
ogy. For instance; as we have seen, N(CR
had to write off its new. production facili-
ties because electronic technology had
made. its mechanical cash registers hope-
lessly obsolete.

frpact on technical personnel and
drganization

Company management must also con-
sider the impact of the four strategies on
the selection and organization of techni-
cal personnel, since people (and not tech-
nology alone) are the major resource and
the ultimate key to success of a corpora-
tion.

To implement the first-to-market
strategy, the company needs to recruit a
team of creative and entrepreneurial tech-
nical people. willing to assume high per-
sonal and business risks in order to ad-
vance the technology beyond the state of
the art and achieve a.radical innovation.
The organization should be organic, flex-



ible, informal, and entrepreneurial—one
that rewards creativity and success and
not unduly penalizes failure. The organi-
zation should be measured for its effec-
tiveness (doing the right things) rather
than its efficiency (doing things right).
Many young high-tech entrepreneurial
companies of Route 128 and Silicon Valley
have followed this pattern successfuity.
‘ For the fast-follower-and-overtaker
strategy, a company needs a team of flex-
ible, responsive development engineers
who ‘can practice innovative imitation
within well-defined functional specifica-
tions. Creative, entrepreneurial research-
ers are not suited for this task since they
will prefer to conceive a new solution to
the problem, entailing a high risk and an
extensive time period for implementation.
In fact such creative researchers would
probably reject imitation as beneath their
professional standing. The organization
should be flexible, ready to move fast to-
wards a well-established goal, and able to
meet deadlines and cost objectives. There
should be a balance of effectiveness and
efficiency, and rewards for meeting both
technical specifications and schedules.
The concepts of “skunk works” or “in-
temal venturing”—that is, the setting up
within the company of independent
groups of people, with specific goals but
maximum autonomy-—can be very fruit-
ful. With this approach IBM developed its

ments or changes in the specifications,
a.nd ride down the leaming curve by con.-
tinuous process improvements, such as

- automation, material substitutions, and

inventory reductions. Therefore, an elite
team of process and manufacturing engi-
neers is needed, rather than R&D people
who would prefer to improve the product
on the basis of new technological capabil-
ities or changing market demands. Such
product changes would greatly reduce the

_ benefits of the leaming curve.

'Also needed are value analysts and

financial auditors dedicated to cost reduc-

tions in all possible areas.
The organization should be hierar-

‘chic and bureaucratic with rigid proce-

dures and detailed measurement sys-
tems. Originality is not welcome, except

- within the narrow scope of improvements

highly successful PC in less than one year -

(rather than three years, which would have
been the case if the development had
taken place in IBM’s established divi-
sions), and the first year's actual orders
were three times the forecasted amount.
Similarly, Data General, in its skunk
works, developed in less than a year a
computer that overtook DEC's well-estab-
lished competitive offering.

For the cost-minimization strategy.
technical personne! should concentrate
on process rather than preduct improve-
ment. The goal is to freeze as soon as
possible the design, avoid costly improve-

for cost reductions; efficiency is rewarded
more than effectiveness. Such an organi-
zation is typical of the assembly lines of
many American factories, starting with au-
tomobile and steel manufacturers.

Finally, the market-niche strategy re-
quires a team of application and custom
engineers, -and advanced product design-
ers, who can customize the basic product
designs to meet the customer specifica-
tions with-a minimum of hardware and
software changes.

The organization should be flexible
but controlled, should encourage close
coupling with customers and free com-
munication channels intermally and exter-
nally, and reward originality within the
pre-established narrow scope. This type
of organization is found in many software
houses and consuiting companies, partic-
ularly in their early stages. As noted, DEC
and Control Data started with this type of
organization.

The fact that personnel and organi-
zational requirements of the four strate-
gies are quite different leads to two very
important consequences, which limit the
strategic freedom of action of the com-
pany or independent business unit:



1. Itis difficult and confusing to have
different technological strategies to coex-

ist in the same organization. For instance, -

the first-to-market strategy requires a cre-
ative and organic climate, while the cost-
minimization. strateqy requires a hierar-
chic and bureaucratic climate. This would
lead to a clash of the two cuitures and, if
the bureaucrats win, the departure of the
creative people. If the creative people win,
it will be difficult, if not. impossible, to
minimize cost by enforcing design freezes
and rigid control procedures.

2. If the company decides to switch
from one strategy to another, the impact
on key personnel may be traumatic. Con-
sider, for instance, the impact of moving
from a first-to-market to a fast-follower
strategy. The best technical people will
leave because they are not interested in
imitative innovation or reverse engineer-
ing tasks.. - .

The Olivetti Company, under the lead-
ership of Adriano Olivetti, the son of the

founder, followed the first-to-market strat- - -

egy on typewriters with success. Since, as
we have seen above, different strategies

cannot coexist, it adopted the same strat- -

egy for personal computers and devel-
oped, ahead of {BM, a technically and
functionally excellent product that
achieved some success in the European
market. However, after IBM developed its
PC. this became the de facto standard.
and most Olivetti users in Europe and
elsewhere switched. to IBM because the
majority of the software was compatible
with [BM and not with Olivetti.

After Adriano Olivetti’s death, the Oljv-
etti family lost control, and the Italian
banks named Carlo De Benedetti CEO. De
Benedetti realized the futility of trying to
beat IBM in the world market and. he
switched to the fast-follower strategy. This

- was a very astute move, because IBM tra-

ditionally introduces its new products first
in the U.S. and later in Europe. with a two-
year average time lag. Olivetti has three
research laboratories in the U.S. that are
also used to gain intelligence on forth-
coming IBM moves. As soon as Olivetti
finds out what IBM is doing it starts a
crash program to develop a similar prod-
uct for the European market, to be ready

in two years, and thus catch up with IBM

in Olivetti’s home market.
As a consequence of this major
change in strateqgy, the Olivetti central lab-

‘oratory in Ivrea, ltaly, which was perform-

ing advanced research in many areas, was
dissolved. Many of the key people left
others were reassigned tc operating units
where their job was to adapt and imple-
ment technologies developed by the U.S.
Olivetti laboratories or acquired from
other American companies.

To summarize, the-choice of a tech-
nological strategy has a profound impact
on personnel and organization. and a
change of strategy will require careful ad-
vance planning and adequate time for im-
plementation. Therefore, corporate man-
agement needs to be directly involved in
these decisions.



| .Ch'apter 7
The Role of Technology in
Developing Corporate Strategy

N THEZ PREVIOUS chapter, we reviewed tech-
nological strategies that are applicable
to a company’s (or business unit’s) ho-
mogenous product line. We will now dis-

cuss the role of technology in developing :

the overail strategy of a corporation (or of
a muitiproduct business unit in the case
of a diversified company).

Review of the strategic planning process

The basic purpose of strategic planning is
to develop the preferred strategy that will

lead to the attainment of the business

goals of the corporation (growth in reve-
nue, profitability, market share, produc-

tivity, customer and employee satisfac- -

tion, image, and so forth). The classic
strategic planning process follows a sim-
ple six-step logic:

1. Description of the mission and
business scope of the corpora-
tion, its objectives, and goals.

2. Analysis of the external environ-
ment (market and technology
trends, dynamics of competition.
and so forth) and of resuiting op-
portunities and threats.
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3. Analysis of the resources available
to the corporation (human, finan-
cial, technological assets, cus-
tomer goodwill) and determina-
tion of its. strengths and
limitations.

Formulation and evaluation of
possible strategies that will lead
to the fulfillment of corporate ob-
Jjectives and selection of the pre-
ferred strateqy.

Determnination of what resources
are needed to implement the
strategy and how the missing re-
sources will be obtained.

If all the required resources can-
not be obtained, or if the risk is
too high, corporate objectives are
revised and the entire process is
repeated.

5.

Within this overall process, technol-
ogy may take three different roles of in-
creasing significance for planning the
firm's strategy. Technology may (1) be an
element of the reactive planning mode.
(2) lead proactively the planning process,

o _

or (3) become the driver of corporatel

strategy.



Technology in the redctive planning mode

In the reactive planning mode. technology
is utilized, as any other corporate re-
source, to capitalize on opportunities and
counter threats: Going back to the exam-
ple of GE Medical Systems, market and
competitive analysis uncovered a major
threat to GE leadership in X-Ray medical
equipment-—the new CMI CAT scanner. Re-
acting to this threat. GE decided to adopt
the fast-follower-and-overtaker strategy
and mobilized the required resources, pri-
marily technology. Some technology was
available within the GE Medical Systems
Business Unit, but most had to be ob-
tained outside the unit. from the QE cor-
porate R&D Center, outside consultants,
suppliers, and customers {leading medi-
cal research clinics and physicians).

A few years later, technological gate-
keepers at GE were able to track the emer-
gence of a new medical diagnostic imag-
ing technology—magnetic resonance
imagirg (MRI). They correctly forecasted
that this new technology, because of the
improved diagnostic capabilities and the
absence of X-Ray radiation, would lead to
the development of a new multi-billion
market. In this case, QE Medical Systems
chose to follow the first-to-market strat-
egy and mobilized the required re-
sources, primarily new technologies, such
as nuclear resonance, physics and super-
conducting magnets. As a result of these
successful reactions to the EMI threat and
to the emergence of a new technology
(not originated within the company), GE
now remains the world leader in the med-
ical diagnostic imaging systems business.

Technology in the proactive planning mode

In contrast to the reactive planning mode.
technology is used proactively to establish
the strategy for the corporation on the
basis of a unique competitive advantage.
Obviously, there must also be an existing

and potential market that the corporation
couples to the technology. creatively and
entrepreneurially. The case of a new tech-
nological venture, Map Info, started by - -
four RPl graduates, well illustrates this
strategy. As part of a project in computer
science, these students developed new
proprietary software for displaying maps
of any type and scale on personal com-
puters and relating graphically a data
base (for instance, street addresses) to
the map. Previously, this process could
only be done on a minicomputer, such as
a VAX, or mainframes with a software
pacKage costing generally $50,000 or
more. The same students also took the
author’s entrepreneurship course and
learned how to develop a new technologi-
cal venture and a business plan.

They adopted the first-to-market
strateqy with the rapid market penetration
substrategy and set the price of their soft-
ware package at an amazingly low $720,
which made it accessible to the majority
of the 15 million-plus owners of PCs
worldwide. Since it was founded on De-
cember 19, 1985, the company has raised
about $1 million in venture capital, hired
31 new employees, and has reached an
annual sales level of $3 million, with cus-
tomers in 26 countries. It has also
achieved profitability, aithough most of
the eamings are being reinvested in ex-
panding the product line. In this case
Map nfo did not react to the environment
and follow the wave. Rather, after studying
the market and selecting the most favor-
able segment. they proactively “made the
wave”! :

Technology as the driver of corporate
stategy: the Japanese “bonzai tree”

There is a third mode. in which technol-
ogy or, better. the technical knowhow of
the company detertnines and drives cor-
porate strategy. This mode originated in
Japan, has been studied in France, but is



Figure 8 The “Bonzai Tree™ Showing the Driving Role of Technology in a Japanese Company
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not well known in the U.S. Therefore, we
need to go back to the Japanese concept
of the "bonzai” tree, that is, a miniature
tree (zai) carefully grown in a wooden tray
- (bon). In the ancient Japanese culture,
trees were considered to be the dwelling
place of the Shinto gods, and their image
is often utilized to represent a human
society and even the organization and
spirit of a company. Recently, this concept
has been used to depict the driving role
of technology in Japanese corporations
{Figure 8).

The roots of the tree symbolize the
interaction of the company with the world
of science and technology. These roots

extract from the scientific humus the ge-

neric technologies needed by the corpo-
ration and transfer them as a vital lymph
that ailows the tree to produce fruits, that
is, profitable products, which will be har-
vested (for a fee!) by the customers. The

advanced research and technological
gatekeeping functions reside in the roots. .

The trunk of the tree symbolizes the
technological and business potential of
the company. It represents the knowhow
and specific capabilities of the company
that are later embodied into its product
lines: core technologies, market and busi-
ness knowhow, managerial competency.
While new roots and branches may grow
and old roots and branches wither, the
tree trunk has a very long life. its role is to
develop and integrate the generic technol-
ogies into the core technologies that rep-
resent the company’s unique technical
strengths. The applied research and es-
pecially the development function reside
in the trunk.

The*branches symbolize the utiliza-
tion of the technological and business po-
tential of the company in various business
sectors and product lines. Their role is to

obtain input from the environment (light
from the sun) and produce fruits that can
be harvested. The design, application en-
gineering, and production and marketing
functions reside in the branches. V
With this concept, the corporation
may be defined as a combination of differ-
ent activities connected together by a
common integrated technical knowledge.
The strategic implication of this concept
is momentous: The company will target a
very broad spectrum of products, mar-
kets, and industries where its unique tech-
nolegical knowhow may be converted into
competitive advantage. The annual report
of the Japanese company Toray, world
leader in the production of carbon fibers,
presents the company’s products and
markets according to the bonzai tree. To-
ray is truly diversified into varied business

‘sectors (mechanical, automotive, marine,

aerospace, transportation, energy, and
even the sport industries) and in products
(from tennis rackets to fuet cells, to linear
motors, to brake discs), but technology
determines the strategy and keeps the
company together. The strategic planning
process is used for the selection of the
most promising new market/product
combinations and for their implementa-
tion, always maximizing the utitization of
the company’s unique technical know-
how.

Recalling the strategic challenges
presented at the beginning of this study
(Chapter 1) and the present business
trends towards innovation. entrepreneur-
ship. and intrapreneurship, it appears,
that some American corporations will
gradually evolve from the technologically
reactive to the proactive strategic plan-
ning mode, and perhaps to technology as
the ultimate “driver” of their strateqy.



Chapter 8

Conclusion

ecHroroay, particularly fast-moving
high-technology. entails major strate-
gic opportunities and also major risks for
the corporation. The risk of adopting ad-
vanced technologies still in the start-up

stage may be high, but the risks of stick-

ing to mature technologies and being

overtaken by aggressive competitors may
be higher.

Therefore, corporate officers and
managers must take responsibility for
linking technology to the business strat-
egy of the corporation (or of its strategic
business units). They should set up a sys-
tern (formal or informal, depending upon
the company’s culture and capabilities)
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for assessing planning developing and
implementing the core technologies that
will impact upon the future of their com-
pany. They should also manage:

— The acquisition of technology, inter-
naily through R&D and externally through
cooperative R&D, licenses, joint ventures,
and so forth.

— The utilization of the company’s tech-
nological assets, preferably by incorporat-
ing the company’s unique knowhow into
new or improved innovative products,
processes, or systems, or by selling or
exchanging these assets for tangible ben-
efits, such as royalties and equity partici-
pation in joint ventures.
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