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Appendix H
INNOVATIVE PROCESS

Innovation

If the United States is to remain a leader in the de-
velopment and use of space technology, it will be nec-
essary to enlist a greater share of private resources to
augment the contributions of the Federal Govern-
ment. In each of the four technologies dealt with in
this report, the opportunities for private investment
have increased dramatically in very recent times. In
its attempts to encourage industrial participation, the
National Aeronautics and Space Administration
(NASA) has not only identified many potential com-
mercial applications for space technology, but has de-
veloped new institutional mechanisms for increasing
the flow of Government expertise and resources to
the private sector. With a few exceptions, however,
the private sector has remained unenthusiastic about
the prospects of investing in space.

The purpose of this appendix will be to take a brief
look at the process of innovation in order to establish
a framework within which to discuss the issue of com-
mercializing space technology. Because the subject
of industrial innovation is complex, and highly de-
pendent on subtle factors such as the wilingness to
take risks and the acuity of technical and business
judgments, generalizations in this area can be decep-
tive. Nevertheless, it is useful to identify some of the
key factors that motivate the private sector to allocate
resources to the pursuit of product development and
improvement.

Innovation is generally defined by economists to be
the first commercial application of a new or improved
product or production process. The process by which
innovations are developed can be viewed as a se-
quence of three interdependent events. ’

Z Generation of an idea, involving the synthesis of
a market need and the recognition of a technical
capability for meeting that need.

. Problern solving including the setting of specific
technical goals and the search for alternate methods
of meeting those goals.

. Irnplernentation or commercialization, consisting of
engineering design, tooling for production, plant
construction, production and marketing start-up,
and first commercial introduction.

Analyzing these three stages, it becomes apparent
that the management of technical innovation requires
much more than the maintenance of a productive
research and development (R&D) laboratory. It is a

'James M. Utterback, “Innovation in Industry and the Diffusion of Tech-
nology,” Science, vol. 183, Feb. 15, 1974, p. 621.

corporation-wide task that involves the skills and per-
sonalities of everyone from the scientists and engineers
in the lab to the top legal and financial management.
Because of this wide spectrum of interested parties,
the process of project selection is highly dependent
on the flow of information within the firm. The ob-
ject of scientists and engineers is generally new knowl-
edge, and they tend to focus on the problem of techni-
cal success.

Managers, on the other hand, are concerned with
marketing a profitable product and therefore focus on
development time, risk, and potential return on invest-
ment. This marked difference in interests and goals
may result in a communication gap that prevents man-
agement from getting the technical information that
it needs to assess projects accurately.?

This problem is particularly significant in the con-
text of NASA’s desire to involve the private sector in
the commercialization of space technology. The proc-
ess of project selection within a firm is already com-
plex. When the administrative problem of coordinat-
ing NASA’s management structure and technical ex-
pertise with that of the firm is added, such a project
may appear unattractive. NASA’S Joint Endeavor
Agreements (discussed in ch. 8) and related institu-
tional arrangements are designed, in part, to address
this problem.

The Decision to Innovate

Innovation is one means used by firms to stimulate
growth and to compete with other firms within an in-
dustry. Improvements in a product or process can lead
to a reduction in the costs of production or improve-
ments in performance or quality. In this manner, inno-
vation can increase a firm’s market share, profits, or
both. Innovation may also be directed to the develop-
ment of new products targeted for existing or poten-
tial markets.

Innovation is not the only way, and often not the
best way for individual firms to stimulate growth and
to compete. These goals can also be accomplished
by noninnovative methods designed to maximize
sales, such as advertising or new marketing strategies,
or to minimize cost, as by standardizing production
techniques. A firm is also not limited to internal
development, but can pursue growth and a competi-
tive edge through merger, acquisitions, and diversifi-
cation.’

‘Edwin Mansfield, The Economics of Technical Change, 1968, pp. 59-61.

3Attilio Bisio and Lawrence Gastwirt, Turning Research and Development
Into Profit, 1979, p. 37.
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Within the industrial sector a small number of specif-
ic industries make a disproportionate contribution to
the total annual amount of R&D expenditures. Table
H-1 demonstrates that five industrial categories-air-
craft and missiles, electrical equipment, machinery,
motor vehicles, and chemical products—accounted
for over 75 percent of total industrial spending in 1978.
The large interindustry differences in R&D expendi-
tures illustrate the fact that different firms and different
industries do not attach the same importance to R&D
investment.

The decision by a firm to allocate resources to the
pursuit of innovation can be viewed as a function of
two major factors. The first is the firm’s potential for
innovation as dictated by external considerations such
as the structure and maturity of the industry, the in-
dustry relationship with Government and the overall
state of the economy. The second factor is the firm’s
willingness to innovate as dictated by internal finan-
cial, technical and human resources and the particular
corporate strategy, or “personality,” of the firm.

Potential for Innovation

Federal Government programs, incentives, and reg-
ulations have a significant role to play in the creation
of an industry’s operating environment, Federal Gov-
ernment support of the electrical equipment and aero-
space industries is largely responsible for the fact that
these two industries combined constitute almost half
of the entire R&D expenditures in 1978 (table H-1).
By supplying the funds or the financial incentive to
conduct research, and by guaranteeing a market for
new product and process innovations, the Govern-
ment can encourage a level of R&D activity that would
not otherwise be maintained. (This subject is discussed
in greater detalil later).

Of course, this is not to say that Government finan-
cial support is the main factor in stimulating industrial
innovation in all industries. Certain industries, notably
pharmaceuticals and chemicals, maintain very high
R&D to sales ratios and receive very little Government
support.‘This is the result of the fact that competi-
tion in these industries is primarily based on new prod-
uct development and improved product performance.

Another factor that affects the level of R&D spend-
ing is the structure of a particular industry. Whether
or not it is profitable for a firm to invest in innovative
activities is to some degree dictated by the number
of potential rivals and the overall market profit poten-
tial. in an industry composed of many small sellers,
such as home construction or brick manufacturing,
the rate of innovation has been traditionally very low.

‘D. Schwartzman, Innovation in the Pharmaceutical Industry.

This results in part from the fact that no single firm
controls a significant enough portion of the market to
make a sustained research endeavor profitable. Since
market share directly affects revenue flow and the re-
turn that a firm may anticipate on a particular invest-
ment, firms with a small share of a particular market
cannot afford to make large investments in R&D. S

Innovative activity tends to be greater in new in-
dustries and industries characterized by rapid growth
and expanding markets.’Initially, competition in these
industries is based on product quality and perform-
ance and a second-best product may have little value.
However, as such industries begin to mature, competi-
tion starts to become based on price and the produc-
tion process, and therefore the product becomes rela-
tively standardized. Innovations that are pursued after
this time tend to be incremental process innovations
that will lower the unit costs of production. Eventual-
ly, as large investments are made in plant and equip-
ment, manufacturers are less inclined to pursue radical
innovations in either the product or the manufactur-
ing process, as this could render their existing capital
base obsolete.’

An interesting example of this can be seen in the
U.S. satellite communications industry. Until 1973,
NASA played the leading role in the development of
advanced communications satellite technology. When
the NASA program was phased down, it was assumed
that the private sector would continue to finance and
develop the communications systems necessary to
meet future needs. Though the communications in-
dustry did continue to fund R&D programs, most of
the research was dedicated to improving the opera-
tional capabilities and the reliability of existing
systems. As a result, the U.S. satellite communications
industry may face strong competition from the Japa-
nese and the Europeans, both of whom have begun
to develop the high-frequency satellite systems that
may be necessary to meet the future demand for sat-
elite communication services.

Industrial innovation is also affected by the overall
health of the economy. An economy characterized
by a high rate of inflation and generally volatile finan-
cial markets has an adverse effect on all types of in-
vestment but is particularly damaging to investment
in innovation. Under such conditions firms show a
preference for short-term, low-risk investments.
Radical innovations, which by their nature are risky
and often require long periods of time between con-
cept identification and eventual commercialization,
do not compete well for corporate resources.

SMansfield, op. cit.

sUtterback, op. cit.
’Christopher T. Hill and James H. Utterback, Technological innovation for
a Dynamic Economy, 1979, p. 53.
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The stimulus to innovate may also stem from criti-
cal shortages or a sharp rise in cost of the resources
necessary for production. For example, intensive
research on synthetic rubber was only undertaken
after certain cartel agreements caused the price of
natural rubber to increase dramatically.*A more re-
cent example is the aerospace industry’s attempts to
design jet engines with greater fuel efficiency. This
decision was undertaken in response to rising fuel
costs and the threat of temporary fuel shortages. Ris-
ing labor costs have also contributed significantly to
innovations in robotics and industrial automation.®

Willingness to Innovate

At the broad level of R&D strategy, individual firms
must assess the relative advantages of innovation v.
imitation. Innovation is attractive if being first yields
a strong market position and if barriers to entry (e.g.,
patent protection, capital requirements, control over
distribution) can be erected which limit the ability of
other firms to copy or improve upon a product.”On
the other hand, the risk assumed by the imitator is
much lower, and if the innovator is very successful
he may create a market large enough to accommodate
the imitator. The R&D strategy of a firm can have many
different orientations to the market:”

ZFirstt 0 market—based on strong R&D, technical

leadership, and risk taking.

. Follow the leader—based on strong development
resources and the ability to act quickly as the mar-
ket starts its growth phase.

. Applications engineering—based on product
modifications to fit the needs of particular cus-
tomers in mature markets.

For each new product or service being sought or
considered, the firm must also assess the effects of that
product or service on the firm’s present manufactur-
ing, distribution, and office facilities. New product
development can be sought to enhance an existing
area of competence such as a distribution system, a
production capability, or promotional skills. Such
development may also be primarily defensive in char-
acter, as when a firm pursues a product in order to
spread the risks of its involvement in a highly cyclical
industry.

The decision of a firm to allocate resources to inno-
vation is a subjective determination on the part of
management that takes into consideration the need
to innovate, the probability that a given project will

8G. w. Stocking and M. W. Watkins, Cartels in Action, 1964, p. 73.

9)ohn D. Fisk, Industrial Robots in the U. S.: Issues and Perspectives, Con-
gressional Research Service, March 1981.

9Bisio, op. cit, p. 37.

1 Bisio, op. cit., p. 38.

be a technical and commercial success, and the finan-
cial ability of a firm to undertake the project. Although
formal, quantitative project selection techniques can
be used to project such factors as rates of return and
pay-out periods, in the final analysis the decision to
innovate is a strategic choice that depends upon a cor-
porate manager’s business and technical acumen.

Some analysts have charged that U.S. corporate
managers have underestimated the need for innova-
tion. They contend that this has resulted in the decline
in innovation and productivity growth and deficits in
the balance of trade. A recent article charged that

By their preference for servicing existing markets
rather than creating new ones and by their devotion
to short-term returns and “management by numbers,”
many (American managers) have effectively forsworn
long-term technological superiority as a competitive
weapon.

Because of the existence of other factors such as in-
flation, tax laws, labor costs, Government regulation,
fear of capital shortages, or the price of imported oil
it is difficult to gauge the truth of this assessment. It
is important to note, however, that to the extent that
corporate managers do rely on quantitative project
selection techniques, there is some evidence that such
techniques tend to be biased against ambitious proj-
ects with potentially large payoffs.*These techniques
often utilize formal market surveys to compare the es-
timated returns on investment for alternative projects.
Reliance on such surveys can be misleading in that
consumers are often unable to appreciate the value
of major innovations before they are commercial-
ized.” A Though major innovations may have a much
greater profit potential than modest product improve-
ments, they are more difficult to justify using formal
market surveys.

This fact has important ramifications for potentially
commercializable space applications. Because such
projects involve both technical and market uncertain-
ties, industry has viewed them as unattractive invest-
ment. It is difficult to assess, at this point, whether in-
dustry’s cautious view of space is the result of myopic
management techniques or insight based on experi-
ence in dealing with complex investment decisions.

2Robert H. Hayes and William ). Abernathy, “Managing Our Way to Eco-
nomic Decline,” Harvard Business Review, July-August 1980, p. 70.

BEdwin Mansfield, et al., The Production and Application of New Industrial
Technology, 1977, p. 43.

4Hayes, OP- Cit., p. 71; Hayes and Abernathy pointout that: “The argu-
ment that consumer analyses and formal market surveys should dominate
other considerations when allocating resources to product development is
untenable. It may be useful to remember that the initial market estimate for
computers in 1945 projected total worldwide sales of only 10 units. Similar-
ly, even the most carefully researched analysis of consumer preferences for
gas-guzzling cars in an era of gasoline abundance offers little useful guidance
to today’s automobile manufacture in making wise product investment deci-
sions. Customers may know what their needs are, but they often define those
needs in terms of existing products, processes, markets, and prices. ”



Appendix H—industrial Innovative Process « 369

The answers to such questions may be forthcoming
as Europe and Japan target specific space technologies
for commercial application.

In space applications, as well as other high-technol-
ogy industries, the Government has played, and con-
tinues to play, a major role in product identification
and development. It is important therefore to examine
the nature of this role and Some of the methods by
which it is accomplished.

Government Role in Innovation

The Government plays an extremely important role
in the innovative process, particularly in the area of
basic research. The impact of such financial support
has been particularly significant in the aerospace, elec-
tronics and computer industries, where expensive
basic research has been essential to product develop-
ment. Government can provide financial support of
R&D both directly and indirectly, through a variety
of mechanisms. Such support does, however, raise im-
portant questions as to the appropriate roles of the
public and private sectors in the development and
operation of new technology. One way to address this
problem is to identify the kind of benefit-public good
or private good—that a new technology will provide.

A public good is one that cannot profitably be di-
vided, priced, and sold to the individual members of
a collectivity (i.e., a city, State or country). Govern-
ments traditionally have existed to provide public
goods such as highways, sea and air navigation aids,
and national defense. A private good, by contrast, is
one that can be provided through a market transac-
tion to those who desire it and are wiling to pay the
price set by the provider, Of course, it is often the case
that a particular product or service produces mixed
benefits, making it difficult for a private sector sup-
plier to justify the cost of providing the benefit. In this
situation, some argue that the Government should in-
tervene to correct this lack of market incentive by
using public funds to invest in technology intended
for eventual use in the private sector.

Finally, and perhaps most fundamentally in the con-
text of Government funding, the definitions of public
good and private good are highly political in character.
It is important to recognize that when discussing tech-
nologies that may benefit large segments of society,
it is a matter of judgment and philosophy, not an issue
for analytical resolution, which should be provided
through Government programs and which through
private activity.

The most controversial area with respect to R&D
funding by the Government is that in which eventual
commercialization is a major objective in the develop-

ment program. Ordinarily, the private sector bears the
total responsibility for funding R&D intended to be in-
corporated into commercial systems. However, over
the past decade the Government has provided signifi-
cant support, not only for basic research but also for
applied research, technology and systems develop-
ment, and even demonstration projects in such areas
as space and energy technology.

A policy decision to support R&D in an area in-
tended for eventual commercialization is a decision
to augment or override market forces as a determi-
nant of R&D investment. In the United States, the sci-
entific and technological sectors that have advanced
most rapidly in the 20th century, including space, are
those that have received substantial assistance from
the Federal Government.”This assistance has taken
the form, among others, of direct financial support for
R&D and of the creation of Government organizations
to manage the research programs carried out with
such support.

The establishment of NASA, and this organization’s
early work on communications satellites, are examples
of substantial Government involvement in a commer-
cially viable technology. Another example can be
found in the development of electronic component
technology. The reason for early U.S. domination of
this industry is directly related to the R&D support pro-
vided by the Government. In the early 1950’s, the mil-
itary services, desiring to make their equipment more
portable and to increase its reliability in the field,
began to finance semiconductor R&Don a large scale.
Between 1955 and 1961, the Government spent ap-
proximately $66 million on semiconductor R&D and
production refinements.

Purchase Guarantees

In addition to direct financial support the Govern-
ment may encourage innovation and the commerciali-
zation of new technologies in a number of ways, such
as guarantees, technology transfers, and favorable tax
treatment. One example of the influence of market
guarantees can be seen in the integrated circuit indus-
try. Though the basic inventions in this industry re-
sulted from work done under Government contract,
the technical breakthrough that allowed mass produc-
tion was accomplished by Fairchild Industries without
any Federal support.“The fact that there was a clear
Government demand for these products and proc-
esses was an important factor in the firm’s decision
to undertake this research in the first place. Future

15). Schnee, “Government Programs and the Growth of High-Technology

Industries,” Research Policy, vol. 7 no. 2 (1978), p. 4.
160QECD, Gaps in Technology: Electronic Components, 1968,p. 59.
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developments in remote sensing may provide another
example of the importance of a Government-guaran-
teed market. Several plans have been proposed that
envision the transfer of the Landsat system to a private
sector organization. All of these plans are contingent
on the Government’s agreement to purchase its re-
motely sensed data from such an organization,
thereby guaranteeing that such a venture would have
a stable financial base.

Technology Transfer

In addition to providing assured product demand,
it is also significant that the Government develops
technologies that have either a director indirect usage
in the private sector. An example of this can be seen
in the computer industry. Because of Government
sales in this industry companies were able to fund their
R&D programs at very high levels.” This resulted in
a rate of technological progress that exceeded that
which could have occurred in a normal commercial
environment. In addition, military requirements with
respect to computer size, speed, and reliability far ex-
ceeded what would have been requested by the busi-
ness community. As a result, the technology that was
transfered to the private sector was far more sophisti-
cated than it would have been without Government
involvement. Finally, because of the military’s exten-
sive use of this new technology, the computer industry
was able to overcome the natural skepticism that
would have existed in the business community toward
an untried product. There are many examples of tech-
nology transfers in the aerospace industry that have
resulted or may result in important commercial prod-
ucts. The obvious examples that have been mentioned
above are advanced communication systems and re-
mote-sensing technology.

Government Regulation

Though the effects of Government regulation on in-
novation are not completely understood, many are of
the opinion that regulation is a factor in the recent
decline of innovation in the United States. A recent
report by the National Research Council tended, with
certain reservations, to agree with this opinion.”It
stated that though the reasons for the decline in U.S.
innovation are varied and complex, there are a num-
ber of cases (such as new pesticides, certain chemical
compounds and railroad shipping services), where sol-
id documentation existed to prove that regulation con-
tributed to this decline. *
~7Schnee, op.cit., p. 10.

locational Research Council, The Impact of Regulation on Industrial /nno-

vation, 1979, p. 9.
® The NRC report does point out, however, that in certain instances Govern-
ment regulation may act to stimulate innovation. For example, though it ap-

Government regulation can also delay the introduc-
tion of new and useful products and processes. An
example of this fact can be seen in the history of the
use of satellites for domestic communications. In 1963,
when NASA began launching its Syncom series of sat-
ellites utilizing the geosynchronous orbit, it became
apparent that the use of this orbit would have impor-
tant applications for domestic communications. Yet,
it was not until 1974 that commercial domestic satel-
lite service was available in the United States. This long
period between the technical realization and the com-
mercial application of the technology was marked by
scores of legal and organizational battles over systems
ownerships involving the Federal Communication
Commission (FCC), the Justice Department, the White
House and the numerous segments of private industry
who wished to use the technology. The result of nearly
a decade of struggling was that FCC, in 1972, an-
nounced its multientry decision which held that any
qualified entity, subject to certain conditions, could
own and operate a commercial satellite system. Mean-
while, Canada had been enjoying for years a domestic
satellite system built by a U.S. company and launched
by NASA.”

In the near future, Government regulation will have
a significant role to play in the development of private-
ly owned launch systems. At present, several different
agencies, each with uncertain authority, are issuing
regulations that have an effect on private launches.
No lead agency has been designated to address critical
issues such as aerial and maritime clearance, the de-
velopment of new commercial launch sites, the need
for a comprehensive indemnification scheme, and
methods by which to authorize and license payloads.
Because of the importance of these issues both domes-
tically and internationally, it is certain that some form
of regulation will be necessary. Whether or not such
regulation will encourage or hinder the flow of private
capital into this infant industry is yet to be seen.

Tax Incentives

The Government may also stimulate R&D expendi-
tures by allowing industries to use the tax system to
reduce the cost of such endeavors. Three of the main
incentives in the present tax system are depreciation
allowances, investment tax credits, and the deductibil-
ity of R&D outlays. Depreciation allows a firm to de-
duct as a business expense the cost of certain assets
over the period of their useful life. Investment tax
credits allow firms to take a certain percentage of new

pears that regulation has caused R&D capital funds to be used to meet regula-
tions, it has also had the effect of stimulating the development of new socially

desirable products such as pollution-control equipment and technology.
M. Kinsley, Outer Space and /nner Sanctums, 1976, p. 131.
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investment purchases as a credit against their tax liabil-
ity. Section 174 of the Internal Revenue Code permits
firms to deduct total R&D outlays in the year that the
expenditures are incurred.

Though the intricacies of the corporate tax system
are beyond the scope of this report, a simple exam-
ple is helpful to illustrate some of the ways that
changes in the tax structure can create the incentive
to innovate .20

Figure H-1 depicts an R&D project with a 20-year
development time and a 15-year market life. It
assumes a research expenditure of $1 million per year,
an investment of $50 million spread over 4 years to
build the manufacturing facility, and a venture suc-
cess rate of 100 percent. It also assumes that the tax
regulations allow a 100-percent deduction for R&D

2John S Benjamin, statement on the Space Industrialization Act of 1979
(H. R, 2337), hearings before the Subcommittee on Space Science and Ap-
plications of the House Committee on Science and Technology, 96th Cong.
1st sess , 1979.

outlays, an investment tax credit of 10 percent, and
a depreciable life of plant and equipment of 14 years.
Taking these factors into consideration, if a firm wants
to earn a 15-percent return on investment, taking into
account the time value or money, it must anticipate
pre-tax earnings of over $90 million. If the tax regula-
tions in this example are altered to allow a 150-percent
deduction on R&D outlays, an investment tax credit
of 25 percent, and a 5-year depreciation on the plant
and equipment, the required pre-tax earnings to
achieve a 15-percent return on investment would be
cut in half. Figure 5 demonstrates the effect of these
changes.

Although models set forth in figures H-1 and H-2
are in many ways overly simplistic, they do point out
how the tax system can be used to help firms recover
the cost of their R&D efforts. By making R&D expend-
itures easier to recover, firms will have the incentive
to invest in more and longer research and develop-
ment projects.

Figure H-1.— Results of Project Model for 20-Year Development Time
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SOURCE: The Space Industrialization Act of 1979: Hearings on H.R. 2337 Before the Subcomm. on Space Science and Ap-
plications, 96th Congress, Ist Sess. 45 (1979) (statement of Dr. John S. Benjamin).

Figure H.2.—Effect of Tax Law Modifications on Project Model
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SOURCE The Space Industrialization Act of 1979: hearings on H.R. 2337 before the Subcommittee on Space Science and
Applications, 96th Cong., Ist sess. 45 (statement of Dr. John S. Benjamin).



