How does a company’s innovation—and its response

to innovative ideas—change as the company grows and
matures? Are there circumstances in which a pattern
generally associated with successful innovation is in fact

Source: Reprinted with permission from Technology Revie
Alumni Association. Copyright © 1978.
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A SPECTRUM OF INNOVATORS

bast studies of innovation imply that any innovating unit
sees most of its innovations as new products. But that ob-
servation masks an essential difference: what constitutes
a product innovation by a smali, technology-based unit is
often the process equipment adopted by a large unit to
improve its high-volume production of a standard prod-
uct, We argue that these two units—the small, entrepre-
neurial organization and the larger unit producing stan-
dard products in high volume —are at opposite ends of a
spectrum, in a sense forming boundary conditions in the
evolution of a unit and in the c¢haracter of its innovation

of product and process technologies.
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Such incremental innovation typically results in an
increasingly specialized system in which economies of
scale in production and the development of mass mar-
kets are extremely important. The productive unit loses
its flexibility, becoming increasingly dependent on high.
volume production to cover its fixed costs and in.
creasingly vulnerable 1o changed demand and technica
obsolescence. e

Major new products do not seem to be consistent wit!
this pattern of incremental change. New products whic]
require reorientation of corporate goals or production fa
cilities tend to originate outside organizations devoted t
a “specific” production system; or, if originated withis

to be rejected by them.
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One distinctive patiern of technological innovation
is evident in the case of established, high-volume prod-
ucts such as incandescent light bulbs, paper, steel, stan-
dard chemicals, and internal-combustion engines, for
examples.

The markets for such goods ure well defined; the prod-
uct characteristics are well understood and often stan-
dardized; unit profit margins are typically low; produc-
tion technology is efficient, equipment intensive and
specialized to a particular product; and competition is
primarily on the basis of price. Change is costly in such
highly integrated systems because an alteration in any one
attribute or process has ramifications for many others.

In this environment innovation is typically incremen-
tal in nature, and it has a gradual, cumulative effect on
productivity. For example, Samuel Hollander has shown
that more than half of the reduction in the cost of pro-
ducing rayon in plants of E. I. du Pont de Nemours and
Company has been the result of gradual process im-
provements which could not be identified as formal proj-
ects or changes. A similar study by John Enos shows that
accumulating incremental developments in petroleum
refining processes resulted in productivity gains which
often eclipsed the gain from the original innovation. In-
cremental innovations, such as the use of larger railroad
cars and unit trains, have resulted in dramatic reductions
in the cost of moving large quantities of materials by rail.

In all these examples, major systems innovations have
been followed by countless minor product and systems

improvements, and the latter account for more than half

of the total ultimate economic gain due to their much
greater number. While cost reduction seems to have been
the major incentive for most of these innovations, major
advances in performance have also resulted from such
small engineering and production adjustments.

T —

A more fluid pattern of product change is associated
with the identification of an emerging need or a new way
to meet an existing need; it is an entrepreneurial act.
Many studies suggest that such new product innovations
share common traits, They occur in disproportionate
numbers in companies and units-located in or near affiu-
ent markets with strong science-based universities or
other rescarch institutions and entrepreneurially oriented
financial institutions. Their competitive advantage over
predecessor products is based on superior functional per-
formance rather than lower initial cost, and so these rad-
ical innovations tend to offer higher unit profit margins.

When a major product innovation first appears, per-
formance criteria are typically vague and litle under-
stood. Because they have a more intimate understand-
ing of performance requirements, users may play a major
role in suggesting the ultimate form of the innova-
tion as well as the need. For example, Kenneth Knight
shows that three-quarters of the computer models which
emerged between 1944 and 1950, usually those produced
as one or two of a kind, were developed by users,

It is reasonable that the diversity and uncertainty of
performance requirements for new products give an ad-
vantage in their innovation to small, adaptable organiza-
tions with flexible technical approaches and good exter-
nal communications, and historical evidence supports
that hypothesis. For example, John Tilton argues that
new enterprises led in the application of semiconductor
technology, often transferring into practice technology
from more established firms and laboratories, He argues
that economies of scale have not been of prime impor-
tance because products have changed so rapidly that
production technology designed for a particular product
is rapidly made obsolete. And R. O. Schlaifer and S. D.
Heron have argued that a diverse and responsive group of
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enterprises struggling against established units to enter
the industry contributed greatly to the early advances in

jet aircraft engines.

A TRANSITION FROM RADICAL TO
EVOLUTIONARY INNOVATION

These two patterns of innovation may be taken to repre-
sent extreme types—in one case involving incremental
change to arigid, efficient production systcm specifically
designed to produce 2 \standardized product, and in
the other case involving radical innovation with product
characteristics in flux. In fact, they are not rigid, inde-
pendent categories. Several examples will make it clear
that organizations currently considered in the “specific”
category—where incremental innovation is now mo-
tivated by cost reduction—were at their origin small,
“fluid™ units intent on new product innovation.

John Tilton's study of developments in the semicon-
ductor industry from 1950 through 1968 indicates that
the rate of major innovation has decreased and that the
type of innovation shifted. Eight of the 13 product inno-
vations he considers {0 have been most important during
that period occurred within the first 7 years, while the in-
dustry was making less than 5 pekcent of its total 18-year

sales. Two types of enterprise can be identified in this

carly period of the new industry-—-cslablishcd units that

came into semiconductors from vested positions in vac-
uum tube markets and new cn
Semiconductor, 1BM, and Texas Instruments, Inc. The
established units responded 10 competition [rom the

newcomers by emphasizing process innovations. Meun-
s iait tesansth theoueh Drod-

triecs such as Fairchild ,

F TECHNOLOGY STRATEGY AN EVOLUTIONARY PERSPELTIVE

which had been a flexible, new cntrant in the industry
wwo decades earlier and had contributed no major pro-
cess innovations prior {0 1968, was planning 2 single
machine that would produce 4 percent of world require-

ments for its integrated-circuit unit.
Like the transistor in the electronics industry, the

DC-3 stands out as a major change in the aircraft and
airlines industries. Almarin Phillips has shown that the
DC-3 was in fact a cumulation of prior innovations. It
was not the largest, or fastest, or longest-range aircraft; it
was the most economical large, fast plane able to fly long
distances. All the features which made this design so
completely successful had been introduced and proven
in prior aircraft. And the DC-3 was essentially the first
commercial product of an entering firm (the C-1 and DC-
2 were produced by Douglas only in small numbers).

Just as the transistor put the electronics industry ona
new plateau, so the DC-3 changed the character of inno-
vation in the aircraft industry for the next 15 years. No
major innovations were introduced into commercial air-
craft design from 1936 until new jcl—powcred aircraft ap-
peared in the 1950s. Instead, there were. simply many
refinements to the DC-3 concept—stretching the design
and adding appointments; and during the period of these
incremental changes, airline operating cost pey passen-
ger-mile dropped an additional 50 percent.

The electric light bulb also has a history of a long s¢-
ries of evolutionary improvements which started with a
few major innovations and ended in a highly standard-
ized commoditylike product. By 1909, the initial tung-
sten filament and vacuum bulb innovations were in place;
from then until 1955 there camc 4 series of incremental

changes—better metal alloys for the filament, the use
s B Ll esentine the hlllh. COi“ﬂg the
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that period occurred within the first 7 years, while the in-
dustry was making less than 5 percent of its total 18-ycar
sales. Two types of enterprise can be identified in this
carly period of the new industry —established units that
came into semiconductors from vested positions in vac-
uum tube markets and new entries such as Fairchild
Semiconductor, IBM, and Texas Instruments, Inc. The
established units responded to competition rom the
newcomers by emphasizing process innovations. Meln-
while. the latter sought entry and strength through prod-
uct innovation. The three very successful new entrants
just listed were responsible for half of the major product
innovations and only one of the nine process innovations
which Dr. Tilton idehtified in that 18-year period, while
three principal established units {divisions of General
Electric, Philco, and RCA) made only one-quarter of the
product innovations but threc of the nine major process
innovations in the same period. In this case, process in-
novation did not prove lo be an effective competitive
stance; by 1966, the three established units together held
only 18 percent of the market while the three new units
held 42 percent. Since 1968, however, the basis of com-
petition in the industry has changed; as costs and pro-
ductivity have become more important, the rate of major
product innovation has decreased, and effective process
innovation has become an important factor in competi-

live success. For example, Ey 1973 Texas Instruments,

-

incrcmcm:! ::{umgcs, airline operating cost
ger-mile dropped an additional 50 percent.

The electric light bulb also has a history of a long se-

ries of evolutionary improvements which started with a
few major innovations and ended in a highly standard-
ized commoditylike product. By 1909, the initial tung-
sten filament and vacuum bulb innovations were in place;
from then until 1955 there came & series of incremental
changes —better metal alloys for the filament, the use
of “getters” 10 assist in exhausting the bulb, coiling the
flaments, “frosting” the glass, and many more. In th
same period, the price of a 60-watt bulb decreased (eve
with no inflation adjustment) from $1.60 to 20 cen
each, the lumens output increased by 175 percent, the
rect labor content was reduced more than an order
magnitude, from 310 0.18 minutes per bulb, and the p
duction process evolved from a flexible jobshop confi
ration, involving more than 11 separate operations a
heavy reliance on the skills of manual labor, 10 2 sl
machine attended by a few workers.

Product and process evolved in a similar fashi
the automobile industry. During a four-ycar perio
fore Henry Ford produced the renowned Model
company developed, produced, and sold five dif
engines, ranging from two to six cylinders. Thes

made in a factory that was flexibly organized mu
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job shop. relying on trade crafismen working with gen-
eral-purpose machine tools not nearly so advanced as the
best then available. Each engine tested a new concept.
Out of this experience came a dominant design—the
Model T; and within 5 years, 2 million engines of this
single basic design were being produced each year
(about 15 million all told) in a fucility then recognized as
the most efficient and highly integrated in the world.
During that 15-year period, there were incremental —but
no fundamental—innovations in the Ford product.

In yet another case, Robert Buzzell and Robert
Nourse, tracing innovations in processed foods, show
that new products such as soluble coffees, frozen vege-
tables. dry pet foods, cold breakfast cereals, canned
foods, and precooked rice came first from individuals
and small organizations where research was in progress
or which relied heavily upon information from users.
As cach product won acceptance, its productive unit
increased in size and concentrated its innovation on
improving manufacturing, marketing, and distribution
methods which extended rather than replaced the basic
technologies. The major source of the latter ideas is now
each firm's own research and development organization.

The shift from radical to evolutionary product inno-
vation is a common thread in these examples. It is related
to the development of a dominant product design, and
it is accompanied by heightened price competition and
increased emphasis on process innovatibn. Small-scale
units that are flexible and highly reliant on manual la-
bor and craft skills utilizing general-purpose equipment
develop into units that rely on automated, ¢quipment-
intensive, high-volume processes. We conclude that
changes in innovative patiern, production process. and
scale and kind of production capucity all occur together
in a consistent, predictable way.
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MANAGING TECHNOLOGICAL INNOVATION

If it is true that the nature and goals of an industrial unit’s
innovations change as that unit matures [rom pioneering
to large-scale producer, what does this imply for the
management of technology? -

We believe that some significant managerial concepts
emerge from our analysis— or model, il you will—of
the characteristics of innovation as production processes
and primary competitive issues difter. As a unit moves
toward large-scale production, the goals of its innova-
tions change from ill-defined and uncertain targets to
well-articulated design objectives. In the carly stages,
there is a proliferation of product performance require-
ments and design criteria which frequently cannot be
stated quantitatively, and their relative importance or
ranking may be quite unstable. It is precisely under such
conditions, where performance requirements are ambig-
uous, that users are most likely to produce an innovation
and where manufacturers are least likely to do so. One
way of viewing regulatory constraints such as those
governing auto emissions or safety is that they add new
performance dimensions to be resolved by the engi-
neer—and so may lead to more innovative design im-
provements. They are also likely to open market oppor-
tunities for innovative change of the kind characteristic
of fluid enterprises in areas such as instrumentation,
components, process equipment, and so on.

The stimulus for innovation changes as a unit, mi-
tures. In the initial fluid stage, market needs are ill-
defined and can be stated only with broad uncertainty,
and the relevant technologies are as yet little explored. So
there are two sources of ambiguity about the relevance of
any particular program of research and development—
targel uncertainty and technical uncertainty. Confronted
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units that are flexible and highly reliant on manual la-
bor and craft skills utilizing general-purpose equipment
develop into units that rely on automated, equipment-
intensive, high-volume processes. We conclude that
changes in innovative pattern, production process. and
scale and kind of production capacity all occur together
in a consistent, prediclable way.

Though many observers emphasize new product in-
novation, process and incremental innovations may have
equal or even greater commercial importance. A high
rate of productivity improvement is associated with pro-
cess improvement in every case we have studied. The
cost of incandescent light bulbs, for example, has fallen
more than 80 percent since theit introduction. Airline op-
erating costs were cut by half through the development
and improvement of the DC-3. Semiconductor prices
have been falling by 20 to 30 percent with each doubling
of cumulative production. The introduction of the Model
T Ford resulted in a price reduction from $3,000 to less
tflan 31,000 (in 1958 dollars). Similar dramatic reduc-
tions have been achieved in the costs of computer core

memory and television picture tubes.

)

The stimulus for innovation changes as a unit ma-

tures. In the initial fluid stage, market needs are ill-

defined and can be stated only with broad uncertainty,

and the relevant technologies are as yet litile explored. So
there are two sources of ambiguity about the relevance of
any particular program of research and development —
target uncertainty and technical uncertainty. Confronted
with both types of uncertainty, the decision maker has
little incentive for major investments in formal research
and development.

As the enterprise develops. however, uncertainty about
markets and appropriate targets is reduced, and larger re-
search and development investments are justified. At
some point before the increasing specialization of the unit
makes the cost of implementing technological innova-
tions prohibitively high and before increasing cost com-
petition erodes profit with which to fund large indirect ex-
penses, the benefits of rescarch and development efforts
would reach a maximum. Technological opportunities
for improvements and additions to existing product lines
will then be clear, and a strong commitment 1o research
and development will be characteristic of productive
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206 PART TWO. DESIGN AND IMPLEMENTATION OF TECHNOLOGY STRATEGY: AN EVOLUTIONARY PERSPECTIVE

units in the middle stages of development. Such firms
will be seen as “science based™ because they invest heav-
ily in formal research and engineering departments, with
emphasis on process innovation and product differentia-
tion through functional improvements.

Although data on research and development expendi-
tures are not readily available on the basis of productive
units, divisions, or lines of business, an informal review
of the activities of corporations with large investments in
research and development shows that they tend to sup-

port business lines that fall neither near the fluid nor the
specific conditions but are in the technologically active
middle range. Such productive units tend to be large, to
be integrated, and to have a large share of their markets.
A small, fluid entrepreneurial unit requires general-
hurpose process equipment which, typically, is pur-
hased. As it develops, such a unit is expected to origi-
ale some process-equipment innovations for its own
se; and when it is fully matured, its entire processes are
kely to be designed as integrated systems specific to
rticular products. Since the mature firm is now fully
ccialized, all its major process innovations are likely to
iginate outside the unit.
But note that the supplier companieg will now sce
mselves as making product—not process—innovi-
1s. From a different perspective, George Stigler finds
res of development—similar to those we describe—
rms that supply production-process equipment. They
or in the market structure they face, in the specializa-
of their production processes, and in the responsi-
es they musl accept in innovating to satisfy their
needs for process technology and materials.

information processing. The level at which technological
change takes place helps to determine the extent o which
organizational dislocations take place. Each of these hy-
potheses helps to explain the firm’s impetus to divide into
homogeneous productive units as its products and pro-

cess technology evolve.
The hypothesized changes in control and coordina-

tion imply that the structure of the organization will also

change as it matures, becoming more formal and having

a greater number of levels of authority. The evidence is
strong that such structural change is a characteristic of
many enterprises and of units within them.

FOSTERING INNOVATION BY
UNDERSTANDING TRANSITION

Assuming the validity of this model for the developmer
of the innovative capacities of a productive unit, how ca
it be applied to further our capacity for new products ar
to improve our productivity?

We predict that units in different stages of evoluti
will respond to differing stimuli and undertake differ
types of innovation. This idea can readily be extended
the question of barriers to innovation and probably
patterns of success and failure in innovation for unit
different situations. The unmet conditions for transi
can be viewed as specific barriers which must be o
come if transition is to take place.

We would expect new, fluid units to view as
riers any factors that impede product standardizatior
market aggregation, while firms in the opposite cate
tend to rank uncertainty over government regulati
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likely to be designed as integrated systems specilic (o
particular products. Since the mature firm is now fully
specialized, all its major process innovations are likely 1o
originate outside the unit.

But note that the supplier companies will now see

themselves as making product—not process—innova-
tions. From a different perspective, George Stigler finds
stages of development—similar to those we describe —
in firms that supply production-process equipment. They
differ in the market structure they face, in the specializa-
tion of their production processes, and in the responsi-
bilities they must accept in innovating to satisfy their
own needs for process technology and materials.
The organization’s methodswof coordination and con-
trol change with the increasing standardization of its
products and production processes. As task uncertainty
confronts a productive unit early in its development, the
unit must emphasize its capacity to process information
by investing in vertical and lateral information systems
and in liaison and project groups. Later, these may be ex-
tended to the creation of formal planning groups, organi-
sational manifestations of movement from a product-
oriented to a transitional state; controls for regulating
process functions and management controls such as job
procedures, job descriptions, and systems analyses are
also extended 1o become a more pervasive feature of the

production network.
As a productive unit achieves standhrdized products

and confronts only incremental change, one would ex-
pect it to deal with complexity by reducing the need for

’

10 improve our Productiviny :
We predict that units in different stages of evolutic

will respond to differing stimuli and undertake differe
types of innovation. This idea can readily be extended
the question of barriers to innovation and probably
putterns of success and failure in innovation for units
different situations. The unmet tonditions for transiti
can be viewed as specific barriers which must be oy
come if transition is to take place.

We would expect new, fluid units to view as |
riers any factors that impede product standardization
market aggregation, while firms in the opposite catey

tend to rank uncertainty over government regulatio
viilnerability of existing investments as more impo

disruptive factors. Those who would promote innov:
and productivity in U.S. industry may find this sugge
We believe the most useful insights provided b
model apply to production processes in which featu
the products can be varied. The most interesting ap
tions are to situations where product innovation is
petitively important and difficult to manage; the
helps to identify the full range of other issues with
the firm is simultanecously confronted in a per

arowth and change. (See Exhibit 1.)

CONSISTENCY OF MANAGEMENT ACTION

Many examples of unsuccessful innovations pc
common explanation of failure: certain conditis
essary 10 support a sought-after technical advar
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EXHIBIT 1

. Saeking 1o undersland the variables that determine successiul
strategies lor innovation, the authors focus on three slages in the
evolution of a successful enterprise: its period of flexibility, in
which the enterprise seeks to capitalize on ils advantages where
they offer greatest advantages; its inlermediale years, in which
major products are used more widely; and ils full malurity, when
prosperity Is assured by leadership in several principal products

and technologies.

\
Fluld pattern

Rate of major
innovalion

Product innovation

The Changing Character of Innovation and Its Changing Role in Corporate Advance

Process innovalion

Transitional pattern

Specific pattern

Competitive emphasis on

innovalion stimulated by

Predominant type of
innovalion

Product line

Production processes

Equipment

Materials

Functional product
perlormance

Information on users, needs
and users, technical inpuls

Frequent major changes in
products

Diverse, often including
custom designs

Flexible and inefficient;y
major changes easily
accommodated

General-purpose, requiring ;

highly skilled labor

Inpuis limiled to generally
available materials

Product variation

Opportunities created by
expanding internal technical
capability

Major process changes
required by rising volume

Includes at least one product
design stable enough lo have
slgnificant production volume

Becoming more rigid, with
changes occurring In major
steps

Some subprocesses auto-
mated, crealing “istands of
automation”

Specialized materials

_perhaps demanded from

some suppliers
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Cost reduction

Pressure 1o reduce cost and
improve quality

Incremental for product and
process, with cumulalive
improvement in productivity
and quality

Mostly undifferentiated
standard products

Efficient, capilakintensive, and
rigld; cost of change high

Special-purpose, mosily auto-
matic with labor lasks mainly
monitoring and control

Specialized malerials de-
manded; if not available, ver-
tical Integration extensive



Compaetitive emphasis on Funclional product

perlormance

Information on users, needs
and users, technical inpuls

innovation stimulated by

Predominant {ype of
innovation

Frequent major changes in
products

Product fine Diverse, often including

cuslom designs

Produclion processes Flexible and inefficient;

major changes easily

accommodaled

Equipment General-purpose, requiring
highly skilled labor

Materials Inputs limited to generally
available materials

Plant Small-scale, localed near

user or source of technology

Organizational control is Informal and entrepreneurial

Product variation

Opportunities created by
expanding inlernal technical
capability

Major process changes
required by rising volume

Includes at least one product
design slable enough to have
slgnificant production volume

Becoming more rigid, with
changes occurring In major
sleps

Some subprocesses auto-
mated, crealing “istands of
automation”

Specialized materials

.perhaps demanded from

some suppliers

General-purpose with special-
ized sections

Through liaison relationships,
project and task groups

— ot the dioe e sim Sul

Cost reduction

Pressure 10 reduce cost and
improve quality

Increamental-for product and
process, with cumulative
improvement in productivity
and quality

Mostly undifferentiated
standard products

Efiicient, capital-intensive, and
rig'd; cosl of change high

Special-purpose, mostly auto-
matic with labor lasks mainly
monitoring and control

Specialized malerials de-
manded; if not available, ver-
tical integration extensive

Large-scale, highly specific
to particular products

Through emphasis on struc-
ture, goals, and rules

* Can a firm increase the variety and diversity of its
product line while simultaneously realizing the highest
possible level of efficiency?

* Is a high rate of product innovation consistent with an
effort to substantially reduce costs through extensive
backward integration?

* [s government policy to maintain diversified markets
for technologically active industries consistent with

not present. In such cases, our model may be he?pful be-
cause it describes conditions that normally support ad-
vances at each stage of development; accordingly, if we
can compare existing conditions with those prescribed
by the mode], we may discover how to increase innova-
tive success. For example, we may ask of the model such
Questions as these about different, apparently indepen-
dent, managerial actions:
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