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nies in making these services available locally. If it
created a viable system before other banks in the
country did, it would still have something to sell.

Reading I11-6
Management Criteria for
Effective Innovation

George K. White

Early in the corporate era, it may have been easy to
believe that technological stability was the normal
condition and technological innovation the occa-
sional, fortuitous balm for problems to which we
otherwise could have adapted. But since World War
11, innovation has been the norm; technology-based
innovations, coming in rapid sequence, have been
seen us the crucial source of prosperity, the panacea
tor all business problems.

Now we know that this panacea is not necessar-
ily benign. The U.S. electronics industry was in far
better condition in the early 1950s, before the emer-
gence of the transistor, than it is now with the con-
sumer business largely penetrated by Japan. On the
other hand, it is also true that a previous modest par-
ticipant in electronics, the Motorola Corporation,
used the transistor to expand its position in con-
sumer electronics and then, by integration back-
wards, gained a significant new role as 1 component
supplier.

When compared to those available in finance.
marketing. and production. the tools available to
management for assessing and directing technologi-
cal innovation are rudimentary. Intrigued by this fact,
Margaret B. W. Graham and I determined to study in
detail two fully completed. well-documented inno-
vations—the transistor in consumer electronics and
the jet engine in subsonic jet transports. We postu-
lated that the criteria for success in these cases could
he applied to predicting the future outcomes in two
immarure innovations-——the supersonic transport and
computerized automobiles.
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We conclude that we can in fact identify manage.
ment criteria which effectively discriminate betweey
profitable and unprofitable new technologies, ang
that these criteria have utility in appraising techno.
logical innovation in a wide variety of cases.

The Determinants of Success

We began by predicting that determinants of success
could be found in both technology and business
contexts. In the realm of technology, the determi-
nants would surely depend on some appraisal of the
quality and significance of the innovative concept
itself: it must be new, and it must also be good. Byt
such an innovative concept alone does not assure
technical potency; there must be an embodiment for
the new device, a product or system whiclh is wait-
ing for it. The embodiment surrounding an inven-
tive concept has a major effect on how profitable the
new technology proves to be.

Even with technical potency, a high rate of adop-
tion and great profitability are not assured. The
operational consequences of the new technology on
manufacturing, marketing, and distribution must be
considered.

Finally, market dynamics are exwemely impor-
ant—and often complex. Muny industrics have
several dependent stages of intermediate demand;
for example, transistor manufacturers sell to radio
manufacturers, and radio manufacturers in turn sell
to consumers. It is not enough to study the transis-
tor market; analysis of final consumer demand is
essential to understanding the outcome of transistor
technology.

Balancing Old and New Constraints

Three questions turn out to be crucial in determin-
ing the technical potential of any inventive concept:

What fundamental technical constraints limiting
the prior art are lifted? This is the key technical chal-
lenge: identify the core physical constraints under-
lying the previous technologies that have been lifted
by the new invention, and assess the significance of
lifting those constraints. Consider an example from
the field of aircraft engines. In the piston engine, the
upper limit in compression ratio is set by the deto-
nation of the fuel charge in the cylinder. A wurbine
engine has no such limit; it is possible to have 2
higher compression ratio in a turbine engine than i




L pison engine, and today’s successful turbine
cngines do have those higher compression ratios.

‘\\"b(// petn technical constraints are inherent in
e new dit? The first question had 1o do with the
credit side, and this question determines the debit
Gde—that is. what fundamental constraints limit
jhe effectiveness of the innovation. In jet engines,
for example, the wake efficiency or the Froude effi-
ceney of an aircraft propulsion system depends on
qye ratio of the velocity of the rearward stream of
air 1o the forwvard velocity of the aircraft; the lower
Jyat ratio, the more efficient the propulsion. A pro-
pelier. moving a lurge amount of cold air slowly,
has a higher wake efficiency than a jet engine mov-
ine a small amount of hot air rapidly, so a new
u;nsn':iint exists.

How favorable is relief of the former weighed
avctiitst the stringencies of the latter? The net of the
frel tvo questions with respect to any inventive
concept is a qualitative technical balance. The com-
parisons cannot be quantitative because they are not
necessarily of similar characteristics; so this is highly
adamental balance, but it can be technically quite
meaningful,

Putting Innovations in Context

The sccond stage of applying these management
criteria s to analyze the embodiment in which
ihe new technology will go to market. Here again
the analysis takes the form of answering three
questions:

Is the end prodict enbanced by additional tech-
noloy aird compoireils required to make tse of the
innocarion? This question calls for an analysis of the
changes which must be made to a product if the
imovarion s to he used in it. A good example
occurs in radios. Every radio must have 1 power
supply, an R-F section, an I-F section, and an audio
section. The transistor penetrated the automobile
radio as a yeplacement for the output power tube,
hut the R-F and 1-F sections of the radio were unaf-
fected by the presence of a germanium power tran-
sistor instead of an output power pentode; however,
bechuse the output stage no longer required 300-
volt 13+ plate potential, it was possible to eliminate
e umreliable vibrator power supplies as soon as
Furd [F tubes requiring only 12-volt B+ poten-
il were developed. These hybrid radios were much
fore reliable, but they could not have succeeded
Without the 12-volt tube development.
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Is the incentive concept itself diluted or enhanced
by the enmbodiment required? Now analyze the effect
on the innovation itselt of the changes required for
its use in the product. There are favorable cases
where the additional art surrounding the new inven-
tion enhances its value; that is a very happy situation,
But there are many cases where the emhodiment sur-
rounding the new art dilutes it.

Does the additional embodiment offer opportinity
Jor futher inventive enbancement? Once more a
balunce is needed. this time between the value
added to a product and that subtracted from it by
the requirements of the innovation. Does it add
more punch, or does the new innovation on halance
decrease the acceptability of the product into which
it is incorporated?

A Balance Sheet on Financing
Business Operations

The answers to these two sets of questions establish
the technical potency of a4 new innovation, but they
offer no criteria in the business context from which
to judge such things as profit potential. Three ques-
tions are also involved here:

What previously emplaced business operations are
displaced or weakened by the new innovation?
Assess the potential changes in existing business
that will be brought about by the innovation. In the
case of the entry of the transistor into electronics, the
impuact on the dealer service network is a perfect
example. All tube sets were guaranteed to have tube
fatlures and to require tube replacement. That phe-
nomenon simply does not exist in transistor devices,
and the dealer service network predictably declined
in importance as transistors were introduced.

What new husiness operations dre needed or
wisely provided to support the new innovation?
Assess the nature and cost of new business opera-
tions required by adoption of the new technology.
The Japunese penetration of the U.S. consumer elec-
tronics market provides an example: it was simulta-
neously an innovation in distribution and retail
mavketing. Trading companies were now the dis-
triburors, and retail sales by stores, department
stores, and discount houses veplaced the previous
pattern of selling which focused on the brand-
franchise dealer.

Houw favorable is cessation of the forner practices
weighed against provision of the latter? Draw the trial
balance again; we claim that this analysis can yield
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a qualitative business balance stemming from the
new invention.

What Will Sell and What Won’t

Finally, we determine a set of criteria having to
do with market dynamics, on the basis of three
questions:

Does the product incorporating the new technol-
ogy provide enhanced effectiveness in the market-
place serving the final user? The Pilkington Float
Glass Process represents a substantially more effec-
tive way of making plate glass by casting the glass
against molten tin instead of grinding the surfaces;
there are dramatic cost savings. But smooth glass is
smooth glass, and there is no increased effectiveness
resulting from its use in windows. The process is a
perfect example of an innovation which made no
change at all in the marketplace; it does not, unlike
many others, vield economic payback because of
market expansion due to enhanced effectiveness.

Does the operation redice the cost of delivering the
product or service? Taken together, this question and
the one above are really the scissors of supply and
demand, the first dealing with demand, the second
with supply. If the answer to both of these questions
is no. we can forget the whole thing; and if it is yes,
then there need be little market uncertainty. The
challenging case is where one of these is positive
and the second is not.

Does latent demand expansion or price elasticity
expansion determine the chardacteristics of the new
markets? When the factor driving a market area is
lower price per unit, market expansion by hundreds
of percent is hard to obtain; major expansion in rev-
enue is much more likely when the change in the
market is driven by a dramatic change in product
effectiveness. This final question, of course, deter-
mines the quantitative business balance.

In these criteria, we have avoided terms such as

return on investinent and return on assets managed.

Our view is that these issues are overwhelmed
whenever a new inventive concept can be placed in
a beneficial embodiment which will enhance its
value in a major latent market with lowered opera-
tional costs. If evaluations of an innovation must be
based on assumptions of narrow differences in
return on investment, they are quite possibly based
on fallacy. What we propose is a logic structure to
identify a small class of innovations of great promise
whose success will transcend the cash value of any
normal investment.

Putting the Determinants to the
Test of History

Some examples from our work show how this logic
structure might have served as a meaningful dis-
criminant between successtul and unsuccessful
innovations in the past.

The Japanese Portable Radio Game

Consider first three aspects of the changes in the
consumer electronics market wrought by the tran-
sistor. Transistor radios made their first strong show-
ing in the U.S. portable radio market in 19506; prior
to that time all portables had been tube sets. In 1956,
the center of gravity of the U.S. market (according
to listings in Consumer Reports) was in personal-size
transistorized portable radios weighing an average
of 20 ounces and costing an average of $57; eight
models were available. This was a substantial inno-
vation; the dominant radio in the previous year's
market had been a tube-based portable weighing
about six pounds. No Japanese sets were in the U.S,
market in 1956.

By 1959, the U.S. industry had responded fully to
the transistor as it was then applied; there were 25
portable models in the 20-ounce size, and prices
were down slightly,

But in 1959, there was also a new market never
populated before, filled by 11 different japanese
miniature portable sets weighing about 10 ounces
(less than half as much as the smallest U.S. radios
then available) and costing 10 percent less than the
20-ounce U.S. radios. The Japanese had made a dra-
matic innovation in the size and weight of personal
portable radios and thus had opened up a new mar-
ket not serviced by the U.S. industry.

The Japanese did not do this by innovating in tran-
sistors; they did it by other innovations through
which they reduced the sizes of tuning capacitors,
loudspeakers, battery supplies, and antennas. It was
the transistor innovation supported by these addi-
tional innovations that allowed the Japanese to open
up this exclusive new pocket-radio market and begin
their successful penetration into U.S. consumer elec-
tronics. In fact, the U.S. industry’s innovation based
on the transistor was an incomplete innovation; it
had not taken advantage of the embodiment sur-
rounding the transistor as the Japanese had done.

By 1962, the market outcomes were clear. In 1955,
the U.S. market for portables was 2 million sets, all



ruhes, dand all made in the United States. By 1962,
(he Japanese had captured 58 percent of the market,
and they had in fact captured 68 percent of the mar-
ket growth made possible by the transistor.

suto Radios and TV: Who Needs Transistors?

compare this history with that of the second tran-
«stor innovation, which was in auto radios.

In 1953, the only auto radios were tube sets; they
used high-voltage R-F, I-F, and output tubes, and of
course they required vibrator power supplies.

In 1956 came a new type of auto radio with no
vibrator power supply, no step-up transformer, and
no high B+ potential. Germanium output transistors
Jlowed low power drain; they were driven directly
iy the negative-ground 12-volt power supply of the
qutomobile battery. In addition, an embodiment
innovation provided 12-volt B+ tubes to handle
R-F and [-F.

Only one year later, the first all-transistor auto
radio. completely transistorized in R-F and I-F and
with low-rain output transistors, all running directly
on the bartery supply, became available.

On average the tube sets of 1955 cost $45, the
hybrid sets cost $8 more (a modest step-up), and the
completely transistorized sets of 1957 cost $123, a
luxury prestige item in the Cadillac Eldorado but
otherwise priced out of the market.

The production of auto radios follows very
dosely the production of automobiles. In the
mid-1950s, 67 percent of new cars went to market
with radios. Since then this figure has increased
steadily-—no sudden changes in auto radio use
have been associated with the new technologies—
until now it is almost 100 percent. There were .80
million auto radios made in 1955 and only 6.43 mil-
lion in 1960: these figures reflect almost exactly the
volume of new-car demand. In this period, the
mansition from tube sets to the tube-plus-output-
transisior hybrid  set was  essentially completed
dully transistorized radios were still not sold in any
meaningful quantity). Yet there was no expansion
atall i this market.

Tumn now to color television consoles, the last of
three riansistor substitution innovations we have
“udied. All consoles marketed from 1955 through
1967 used tubes. The first transistorized console was
Wailable in 1968, but only in 1974 (almost two
decades after the first transistor portable was sold)
“d nansistorized color sets become the industry
andard, Since portability and maintenance cost are
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dominated by the vacuum cathode-ray tube, transis-
tor penetration waus very slow.

Summing a Transistorized Balance

Portable radios, automobile radios, and color televi-
sion consoles represent three different transistor
innovations which were technically very similar in
circuit design and in cost. Yet the business outcomes
were dramatically different. Our criteria applied to
this field reveal the differences in technology and its
business context that led to these strikingly different
outcomes.

Recall that our criteria reflected first o balancing
of constraints removed uagainst new constraints
added by an innovation. In the cuse of portable
radios, transistors meant that weight, size, and fre-
quency of repair were all improved dramatically. For
auto radios, the vibrator failure mode (shich pro-
vided 60 to 80 percent of the maintenance engage-
ment) was eliminated and with it the problem of
battery drain when the radio was used without the
engine running. Frequency of repair was generally
reduced. In television, transistors served only to
reduce the frequency of repuair. As we progress from
auto radios to television. the value of constraints
lifted by the transistor declines.

New technology alwuays has new problems, The
audio fidelity of the little portable radios was poor,
and that is a tundamental constraint. Sunilarly, the
capture value of the tiny ferrite antennas was not as
goad as that of the bigger antennas. There were no
particular penalties in auto radios or in television.

Drawing a technical balance on the value of these
inventions. we conclude that the portable radios
presented a vast increase in portability—from six to
eight pounds down to shirt-pocket size. The auto
radios offered a major increase in reliability. Tran-
sistorized television sets only had a slight increase in
reliability going for them. We conclude that the
portable radio had dramatic new value. the auto
raclio had substantial new value in its hybrid mode,
and the television set had very little new value.

Next, whar additionul technology was required in
the embodiments in which transistors were placed
to realize their full potential? Small tuning capacitors,
loudspeakers, antennas, and batteries were crucial
to the reduced size of the portable radios. If these
had not been included. the value of the transistor
innovation would have been diluted, since in fact
tubes were not the fundamental limit on the size of
portable radios. As the Japanese demonstrated—to
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the detriment of their American competitors—only
if you spent extra money to minijaturize all the other
components could you fully capitalize on the tran-
sistor invention itself.

On auto radios, the additional innovation required
for auto radios were the 12-volt tubes for R-F and
I-F sections, and these were rapidly achieved. This
allowed elimination of the vibrator; without that,
the transistor innovation would have been diluted
and transistorized auto radios might not have been
successful.

An interesting situation prevails in television. As
far as we can imagine now, a television set
requires a cathode-type picture tube. Even after 20

years of looking, we find the prospects dim for a
cheap, all-solid-state display. Therefore, we are
nailed to the low reliability, high repair cost, and
large size of present picture tubes. There is essen-
tially no opportunity for incremental enhancement
in the embodiment surrounding the transistors.

As we compare these different applications of the
transistor on the basis of these criteria statements,
we can understand why the portable radio transition
was complete and rapid, why the auto radio transj-
tion was quite rapid for one portion (hybrid) and
quite slow for the other portion (fully transistorized),
and why the color television transition was quite -
slow. (See Exhibit 1.)

EXHIBIT 1

Effects of the Advent of the Transistor on:

Portable Radios

Inventive concept
Constraints lifted Weight, size, and fre-
quency of repair.

New constraints Low sensitivity, low

Auto Radios Television

Vibrator failure, battery
drain, and frequency of
repair.

Freguency of repair.

Advantage

Embodiment merit
Additional components

Dilution or enhance-
ment
Additional opportunity

Operational practice
Displaced business
operations
New business operations

Advantage

Market dynamics
Enhanced effectiveness
to final user
Reduced cost

Expansion of substitu-
tion market

fidelity.
Vast increase in portability.

Condenser, speaker,
antenna, and battery.

Dilution of size and
weight gains.

Enhancement if above are
miniaturized.

Dealer service no longer
very important.

Low transport and inven-
tory cost encourage
wide distribution network

Low-cost mass marketing
opens new market to
imports.

Great increase only in
portability.

Higher cost in early
years.

Expansion in miniature
size only.

None.

Major increase in reliability.

12-volt R-F/I-F tubes.

Dilution if vibrator required.

Enhancement if 12-volt
tubes eliminate vi-
brator.

Service less important.

New field of transistor
and electronic manu-
facture opened.

Radio makers integrate
backward to transistors,
auto makers to radios.

Slight.

Only slightly higher cost,
due to vibrator savings.
Substitution.

None.
Slight increase in reliabiity.

Cathode-ray tube.
Dilution, since no rewards

of smali size or low weight
No enhancement; elimina- -

tion of CRT seems
impossible.

Service slightly easier.

None.

Slight if any.

Nore.

Much higher cost in early
years.
Substitution.

Assessing the impact of the transistor on consumer electronics. The author proposes that analysis of these 12 aspects of the changes
wrought by the transistor demonstrates why its penetration was so instant and its revolution so complete in the portabie radio indus-
try, its penetration equally complete but its revolution insignificant in auto radios, and its penetration smail and slow in the television

industry.



On e cperational side, the ransistor led to some
<, siwnovations. In fapan, a wholly new con-
-costmass marketing tollowed the design

sy
copt of - n
A nine-cince radios,

e funamental change in a key component of
o raddes- o the output tube became a germanium
il raDsistor—was adopted  throughout  the
dusiry ad led o a new business opportunity. The
Vororet worporation, a radio manufacturer which
~over nde tubes in its life, was effectively able to

areariie rickwards and started making germanium

<

Soner curiut transistors—first for use in its own
j\,-\.)duvmtl‘. of auto radios and also in its military
:J"J“il““”' s and later as components for sale to oth-
ore. T this change  in technology  allowed
Voterehe v expand its role and penetration in the
mdusi. The transistorized television set, having
anlv sl advantages, offered no new business
‘\1315L>;-r;1,151j_-5; essentially it is a null case.

The aoplication of transistors to the portable
aidic cetintely increased the effectiveness of the
prod.ict > the Tinal user: it now became a go-with-

vousioyvnere radio rather than a carry-it-and-set-
i-dovn dio. The combinaton of the wansistor
md the Sther innovation surrounding it led to a
new prodact that claimed a new latent market
never posufated before, rather than a substitution
market. 0 contrast, the enhanced effectiveness of
sorized auto radio to the final user was
quite slisrc—u little bit of reliability, a litde bit of
battery orcing It was a substitution markert; in fact,
the sl demand did not increase at all. There sim-
ply v e radio (approximately) for every new
car scic. The television case is our null case; noth-

ihe o

N

mg hoocoaed,
The £ I of the Turbines

Here < psrief review of how our critetia illuminate

it outcomes in the case of turbine air-

the ¢ff
aaft. i we are dealing with three fundamentally
Aiffercr iypes of aircraft—the  wide-bodied jets
U750 =80, the Lockheed Electra, and the Boe-
Mg TaF The first jets. as well as the first Electras,
wiler- sorvice in 1958, By 1961, the Big Five U.S.
sirines dhese firms provided 75 percent of U.S.
Sussean miles in the late 1950s, and they were
e dly the aidrlines which first bought new
s e had 177 big jets; by 1969 they were
=Sz Ui such aireraft. The Lockheed Electra went
o ingtial 1961 fleet of 72 down to only 28 air-
wf L 1969. The 727, which was not even in the
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tirst round of purchases, trned out o be the single
most eftective jet aircratt: by 1969, 400 of them
were in service in the United States,

The inventons on which these aircraft were hased
were largely similar—the substitution of rotating
compressors and high-temperature gas turbines for
reciprocating pistons. But these dircraft are very dil-
ferent in their ensemble of other elements bevond
turbine engines-—embodiment merit, according o
the terminology ot this wticle. To achieve the full
potential for higher speed inherent in the turbine,
the 707 and DC-3 used swept wings, at 33% and 30°,
respectively. This was possible because Boeing and
Douglas engineers solved teach in slightly ditferent
fashion) the problem of controlling a phenomenon
called Dutch roll. which atfected stability. The out-
come was that the 707 and DC-8 were fundamen-
tally faster than the British Comer, which wus
designed with a 20° wing sweep to avoid the stabil-
ity problem. Thus the opportunity came not in jet
engines hut in solving acrodynamic  problems
brought into relevance by jets.

Lockheced engineers were trapped with a dilemma
in designing the Elecra, They concluded thar they
were better off moving o large mass of cold air
slowly than a small mauss of hot air rapidly, hecause
of the runway length requirements of the latter. So
they stuck with propellers. But propellers in fuct
have an ultimate speed hmit, since their tips cannot
easily go faster than the speed of sound, and this in
turn constraing the aircraft o a top speed newrly 200
miles slower than thar of a turhojer such as the 707
The Electra designers chose the old, familiar art of
propellers. where no risk was enwiled but no new
enhancement was possible.

The 727, the thivd member ot our jet set, has
been successtul because of iwo additional embaodi-
ment innovations—fanjet engines and high-wing-
lift devices. In order to use the short runways of
intermediate-range airports, the 727 had to obtain
much more take-oft thrust and much more lift from
the wing in landing than had been possible before:
yet it also required a small wing for cruising ac hich
speed. This was achieved by using tanjer engines
(with cold air flow around the hot rmhine exhaust)
in the vear of the aircraft so that rhe wing wvas
clean, and by using triple-slotted laps with leading
edge stats swhich provided the equivalent of a vari-
able-configuration wing, The inoviion was ettec-
tive, the 727 ended up with short-tield capability
that matches that of propeller aireraft. ver it crnises
at speeds typical ol all jers,
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Market dynamics are the next criterion of impor-
tance. The 707 and DC-8 presented a great advan-
tage in comfort and speed; they flew higher and
faster than any aircraft before, and it was simply
more pleasant to travel. In addition, because of their
high speed and capacity, they cost less per seat mile
to operate than long-range piston planes. So the best
of all possible worlds was obtained: demand was
higher and cost was lower. These aircraft led to a
strong market expansion for air travel.

The Electra offered only modest improvements.
Some of the vibration coming from piston engines
had disappeared, but Electras could not fly as high
or as fast as the jets. Operating cost per seat mile
excluding depreciation was less than that of
medium-range piston aircraft, but this meant a mar-
ket based on substitution (slowly penetrating by
doing the same function against depreciated equip-
ment), not one based on expansion (rapidly pene-
trating on the basis of payback from new customers).

Finally, the 727 had the speed and comfort of the
big jets and costs roughly equal to the Electra, and
it could fly in and out of the smaller airports. As
soon as the 727 was available, all of the intermedi-
ate-range traffic, piston or Electra, went to it. (See
Exhibit 2.)

Forecasting Future Innovation

Now that we have seen how the innovation criterig
apply to the transistor case and to the case of jet air-
craft, it is appropriate to make some general state-
ments about their application to two prospective
innovations, microprocessors for automobiles and
supersonic transport aircraft.

Automotive Microprocessors: Everything Up

Microprocessors promise tlexibility and precision of
control and operation of automotive engines that are
simply not available in mechanical control systems,
and this is the heart of the technical advantage.

At the level of embodiment, we find that the sen-
sors and actuators, not the computer chips, are the
most crucial components requiring further develop-
ment. An automobile is an analog mechanical envi-
ronment; a microprocessor is a digital electronic
environment. We need either sensors, actuators,
and/or analog-to-digital converters, and these are
the key emhodiment elements. We also know that
they represent the dominant portions of system cost
and are the dominant determinants of system per-
formance. If these can be made right, there will be

EXHIBIT 2

Embodiment merit
Additional components

Ditution or enhance-
ment

Additional opportunity
Market dynamics
Finat user effectiveness

Cost reduction

Expansion or substitu-
tion market

707/DC-8

Swept wings required.

Slight roll control
problem.

Speed advance over
Comet due to high
sweep angle.

Great advance in speed
and comfort.

Net cost less than long-
range piston.
Strong expansion.

Electra

Propetlers required.

Speed and maintenance
constraint.

None.

Only modest gain over
piston engine in
speed and vibration.

Cost much less than
piston planes.

Substitution for piston
craft.

727

High-lift wing devices
needed.

Clean wing with triple-
slotted flaps from rear
engine.

Short-field capability
matches that of propeller
aircraft.

Great advance in speed
and comfort.

Costs roughly equal to
Electra.

Substitution for Electra and
piston craft.

Tne battle of the turbine-powered transports. Only 6 of the author's 12 criteria are needed to demonstrate the superiority of pure jets
in the marketplace—why the 707, DC-8, and 727-type aircraft became the standard for U.S. air travel in the 1970s. He believes the
same kind of analysis can be used to show why innovations leading to a supersonic transport aircraft have much less potential in the

U.S. market.



regulovory benefits, better driveability (which to the
;n&o qdostry means desire to buy cars), and long-
life, soble performance; automobiles will stay in
pe 0 their control and performance functions
will not deteriorate over the life of the car.

These will be major new design, manufacturing,
and niuleting opportunities, and our operational
practics criteria are useful in seeing how to make a
husine & operation out of these possibilities. Abso-
lurely. -ne would expect that firms such as Bendix
o TR (with aerospace and electronic skills and a
lirge wresence in the auto industry) could take
Jdvanta e of this opportunity to expand backwards
s Merorola did with auto radios) into special elec-
ronic Srecision sensors and actuators, seizing a key
part i this technical ensemble for a long-term, sta-
hle mus het. We also have the possibility of car man-
ufacturers expanding  their domain of technical
acuvities,

The aarket that is implied by these prospects for
comptierized automobiles is absolutely unique. It
has been decreed by the U.S. government. Micro-
procesaors and related control systems do not have
10 be =viluated against the cost of today’s mechan-
jcal alz=inatives; they offer the most promising way
we convet envision to meet emission and economy
stand. .o+ mandated for motor vehicles in the 1980s.
There < a billion-doliar value 1o manufacturers in
aveiding the fines for high fuel consumption or the
precrsrion of marketability if new automobiles fail
10 meet pollution standards set by tederal law. The
value re: the auto industry hinges not on new rev-
enue o in—because all the industry can hope to do
is cor e to sell high-value cars—but rather on the
avoicer ce of loss.,

The 7 3damental Problem of the S.S.T.

To woanate prospects for a supersonic transport,
one - o go through the same four-point check
sequec e on criteria. The key inventive concept, the
thing, Hat is fundamentally new on supersonic
ranssosts, is supersonic aerodynamics, the increase
of acdynamic drag at supersonic speed. Two dit-

fere Serodynamic structures to deal with this prob-
lem hr-ve been examined in the United States. One
‘Wl E s now a failed concept for transports) is the

SWin wing; the other, which survived until the
“ntive cansport project was shelved, is a4 wing swept
back + an angle sharper than the Mach cone so the
Wing i subsonic while the airplane is supersonic.
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This is a good concept. But it cannot deal with the
fact that aircraft flying faster than the speed of sound
always leave a sonic boom below, and the energy
required to overcome that lost in the sonic boom
results in high tuel consumption. So there is a good
concept, but it has some debits.

Now we go to the embodiment criteria. The key
regulatory decision was that sonic booms would not
be ullowed over the United States. So Americun
supersonic aircraft must be efficient at subsonic
cruise over the United States as well as at supersonic
cruise over areas where boom is permitted. This
requires what are called variable configuration
engines, operating in bypass mode below the speed
of sound and as straight jets above—a corollary
innovation. The sharply swept wings present some
unique control and stability problems; they lack the
inherent stability of conventional wings, behaving
much like classroom paper airplanes. There must be
active controls, called “fly-by-wire.” This is not hard,
but creating reliuble “fly-by-wire” equipment that
will last for the 20-year life of an airplane presents a
significant challenge.

A supersonic aircraft requires structures that go
heyond those we have had before, because super-
sonic flight causes thermal as well as aerodynamic
loads. The required composite materials represent a
new art which now must be mastered.

Finally, we have a question ubout pollution: we
absolutely know that oxides of nitrogen behave dif-
ferently in the meteorological system at 65,000 feet
than at 25,000 feet. The problem is that we do not
know how they behave. If these oxides lead to
depletion of the ozone layer, we will have somehow
to change engine combustion,

If we understand all these embodiments sur-
rounding the supersonic wing innovations, we can
proceed to the issues of operational practice. The
key problem here is that the U.S. domestic murket
has underwritten the basic costs of all mujor air
transport innovations since the DC-3. It will not do
so for the supersonic transport: long-range aircraft
earn value only in international travel. Our airlines
and our manufacturers need to understand what it
means to be primarily international; pooling of traf-
fic and manufacturing consortia are probuable.

The market outcome is not clear. Is it an expan-
sion murket or a substitution market? We already
have very effective long-runge aircraft: if the only
problem were to fly 4,000 to 5.000 miles, super-
sonic travel would he a substitution marker, and
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the economics would not be optimistic. On the
other hand, if the value of time saved is substantial,
it is conceivable that supersonic travel could result
in market expansion.

Having followed this procedure of drawing
orderly balances in the areas of inventive concepts,
embodiment merit, operational practices, and mar-
ket outcomes, [ have concluded that though no sin-
gle constraint prohibits supersonic transports from
being commereially successful, the broad array of
concerns says that the mere passage of time will not
assure an S.5.T. There must be some urgent national
mission to override some of the constraints to their
emergence.

We believe our procedure for evaluating the via-
bility and likely outcomes of an innovation can
largely account for the ditferentiated outcomes in
high-technology businesses—businesses that are as
far removed from each other as transistor radios and
jet transports. When these criteria are applied to
important potential future innovations, they indicate
plausibility for a computerized car, given a reason-
able regulatory atmosphere, and they indicate
implausibility for many years for a U.S. supersonic
transport. We are convinced that a similar analysis
can be useful in indicating the likely future course
of other projected innovations.

Reading 11-7
Organizational Determinants of
Technological Change: Toward a

Sociology of Techbnological Evolution

Michael L. Tushman and Lovi Rosenkopf

Abstract

This paper employs organization literature and con-
cepts to help understand the path of technological
progress. Our premise is that since technological
progress is underdetermined by factors internal to
the technology, it is the interaction of technical
options  with organization and interorganization

Research in Organizational Bebavior 14, pp. 311-47. Copy-
right © 1992 by JAI Press Inc. All rights of reproduction in any
form rescrved.

dynamics that shupes the actual path of technologicy
progress. Rather than reviewing technology as an
autonomous force or as driven by an elite set of
organizations, we argue that technologies evolve
through the combination of random events, the direct
action of organizations shaping industry standards,
and the invisible hand of multiple competing orga-
nizations in a technological community. We sug.
gest that the greater a product’s technical uncertainty,
the greater the intrusion of nontechnical factors in
the product's evolution. Two fundamental factors
shape technological uncertainty: the stage of the
technology's evolutionary cycle and the technological
complexity of the product itself. During periods
of technological ferment, uncertainty is substantial,
During these periods, organizational and inter-
organizational processes emerge to close on industry
standards.  Technological uncertainty is, however,
minimized during periods of incremental technical
change. We also suggest that technology can be
described as systems ranging lrom nonassembled
closed systems to complex, open systems. The more
complex a product, the greater the number of sub-
systems, interfaces, dimensions of merit, and linking
requirements. The more complex and/or open
the product, the greater the technical uncertainty
and the greater the intrusion of organizational
dynamics in technological evolution. Technological
cycles and complexity together aftect the relative
importance of organizational processes in shaping
the path of technological change. As technology is
an ever more important determinant of organiza-
tion outcomes, the time is ripe 10 open up the
black box of technological evolution; to use organi-
zation theory and research to understand the so-
cial, political, and organizational roots of technologi-
cal change.

Organization theory has long considered technol-
ogy and technological change as influential deter-
minants of organizational phenomena.! There is
extensive literature on the effects of technology
on organizations at the individual,2 organization,’

IC. Perrow, “A Framework for Comparative Organizational
Analysis,” American Sociological Review 32 (1967), pp. 194-208;
J. Thompson, Organizations in Actinn (New York: McGraw-Hill,
1967): ]. Woodward, Industrial Organization (London: Oxford
University Press, 1965).

*C. Hulin and M. Roznowski. "Organizational Technologies:
Effects  on  Organizations’  Characteristics  and  Individuals’
Responses,” in Research in Organizational Behavior, vol 7, ed.
L. Cummings and B. Staw (Greenswich, CT: JAI Press, 1985).

sM. Burkhardt and D. Brass, “Changing Patterns or Patterns of
Change: The Effects of a Change in Technology on Social Net-
work Structure and Posver,” ddministrative Science Quenterly 35
(1990), pp. 104-27.




