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1

Querview

It has long been assumed that product innovations are typically developed by
product manufacturers. Because this assumption deals with the basic matter
of who the innovator is, it has inevitably had a major impact on innovation-
related research, on firms’ management of research and development, and on
government innovation policy . However, it now appears that this basic as-
sumption is often wrong.

In this book I begin by presenting a series of studies showing that the
sources of innovation vary greatly. In some fields, innovation users develop
most innovations. In others, suppliers of innovation-related components and
materials are the typical sources of innovation. In still other fields, conven-
tional wisdom holds and product manufacturers are indeed the typical innova-
tors. Next, I explore why this variation in the functional sources of innovation
occurs and how it might be predicted. Finally, I propose and test some implica-
tions of replacing a manufacturer-as-innovator assumption with a view of the
innovation process as predictably distributed across users, manufacturers,
suppliers, and others.

The Functional Source of Innovation

Most of the studies in this book use a variable that I call the functional source
of innovation. This involves categorizing firms and individuals in terms of the
functional relationship through which they derive benefit from a given prod-
uct, process, or service innovation. Do they benefit from using it? They are
users. Do they benefit from manufacturing it? They are manufacturers. Do
they benefit from supplying components or materials necessary to build or use
the innovation? They are suppliers. Thus, airline firms are users of aircraft
because the benefit they derive from existing types of aircraft—and the bene-
fit they would expect to derive from innovative aircraft as well—are derived
from use. In contrast, aircraft manufacturers benefit from selling aircraft, and

3



4 The Sources of Innovation

TaBLE 1-1. Summary of Functional Source of Innovation Data

Innovation Developed by

Innovation Type NA®  Total
Sampled User Manufacturer  Supplier  Other  (n) (n)
Scientific instruments 77% 23% 0% 0% 17 111
Semiconductor and printed

circuit board process 67 21 0 12 6 49
Pultrusion process 90 10 0 0 0 10
Tractor shovel-related 6 94 0 0 0 16
Engineering plastics 10 90 0 0 0 5
Plastics additives 8 92 0 0 4 16
Industrial gas—using 42 17 33 8 0 12
Thermoplastics—using 43 14 36 7 0 14
Wire termination equipment 11 33 56 0 2 20

aNA = number of cases for which data item coded in this table is not available. (NA cases excluded from
calculations of percentages in table.)

they would expect to benefit from an innovative airplane product by increas-
ing their sales and/or profits.

Of course, the functional role of an individual or firm is not fixed; it de-
pends instead on the particular innovation being examined. Boeing is a manu-
facturer of aircraft, but it is also a user of machine tools. If we were examining
innovations in aircraft, we would consider Boeing to have the functional role
of manufacturer in that context. But if we were considering innovations in
metal-forming machinery, that same firm would be categorized as a user.

Many functional relationships can exist between innovator and innovation
in addition to user, supplier, and manufacturer. For example, firms and indi-
viduals can benefit from innovations as innovation distributors, insurers, and
so forth. As we will see later in this book, any functional class is a potential
source of innovation under appropriate conditions.

Variations in the Source of Innovation

Novel ways of categorizing innovators are only interesting if they open the
way to new insight. The first clue that the functional source of innovation is a
potentially exciting way to categorize innovators comes with the discovery
that the source of innovation differs very significantly between categories of
innovation. Consider the several categories of innovation my students and I
have studied in detail over the past several years (Table 1-1). In each study
summarized in Table 1-1 the innovator is defined as the individual or firm
that first develops an innovation to a useful state, as proven by documented,
useful output.

Note the really striking variations in the functional source of innovation
between the several innovation categories studied. Major product innovations
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in some fields, such as scientific instruments, are almost always developed by
product users. In sharp contrast, product manufacturers are the developers of
most of the important innovations in some other fields, and suppliers in still
others (chapters 2 and 3).

An Economic Explanation

The observation that the functional source of innovation can vary is interest-
ing in itself. But if we can understand the cause(s) of such variation, we may
be able to predict and manage the innovation process much better.

There are many factors that influence the functional source of innovation.
But we need not necessarily understand all of these in order to understand this
variable usefully well and to predict the sources of innovation usefully often.
As the reader will see, I propose that analysis of the temporary profits (“eco-
nomic rents”) expected by potential innovators can by itself allow us to pre-
dict the functional source of innovation usefully often (chapter 4).

This basic idea will certainly not be a surprise to economists. If it is to be
useful in this context, however, certain preconditions must be met,* and
expectations of innovation-related profits must differ significantly between
firms holding different functional relationships to a given innovation opportu-
nity. Since little is known about how firms formulate their expectations of
profit from innovation, I have explored this matter in several detailed case
investigations (chapter 5).

In all cases studied, it did appear that innovating firms could reasonably
anticipate higher profits than noninnovating firms. The reasons for such differ-
ences varied from industry to industry. Interesting hints of general underlying
principles did emerge, however, and sometimes these were related to the
functional relationship between innovator and innovation. For example, users
often had an advantage over other types of potential innovator with respect to
protecting process equipment innovations from imitators. (Users often can
profit from such an innovation while keeping it hidden behind their factory
walls as a trade secret. This option is seldom available to manufacturers and
others, who typically must reveal an innovation to potential adopters if they
hope to profit from it.)

Understanding the Distributed Innovation Process:
Know-how Trading Between Rivals

Once we understand in a general way why the functional sources of innova-
tion may vary, we can graduate to exploring the phenomenon in greater

*I discuss and test conditions later; two, however, may convey the flavor. For an economic
model of the functional source of innovation to predict accurately, it is necessary that potential
innovators (1) not be able to shift functional roles easily and (2) benefit from their innovations by
exploiting them themselves rather than by licensing them to others.
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detail. Are there general strategies and rules that underlie how expectations
of economic rents are formed and distributed across users, manufacturers,
suppliers, and others? If so, we may gain a more general ability to predict how
innovations will be distributed among these several functional categories of
firm.

It is not clear a priori that useful rules for generating or predicting innova-
tion strategies will exist: Such strategies are themselves a form of innovation,
and one may not be able to describe the possibilities in terms of underlying
components or rules. The only way to find out, I think, is by field investiga-
tion. I have undertaken one such investigation to date and have found an
interesting phenomenon—informal know-how trading—that seems to me to
have the characteristics of a generally applicable component for innovation
strategies (chapter 6).

Informal know-how trading is essentially a pattern of informal cooperative
R & D. It involves routine and informal trading of proprietary information
between engineers working at different firms—sometimes direct rivals.
(Know-how is the accumulated practical skill or expertise that allows one to
do something smoothly and efficiently, in this instance the know-how of engi-
neers who develop a firm’s products and develop and operate its processes.
Firms often consider a significant portion of such know-how proprietary and
protect it as a trade secret.) Know-how trading exists in a number of industries
my students and I have studied, and it seems to me to be an important
phenomenon.

When I model informal know-how trading in terms of its effects on
innovation-related profits, I find that one can predict when this behavior will
or will not increase the expected profits of innovating firms. I propose that
know-how trading between rivals is a general and significant mechanism that
innovators can use to share (or avoid sharing) innovation-related costs and
profits with rivals. As such, it is one of the tools we can develop and explore as
we seek to understand the distributed innovation process.

Managing the Distributed Innovation Process:
Predicting and Shifting the Sources of Innovation

Even though our understanding of the distributed innovation process is at an
early stage, we should be able to get managerially useful results from it now.
Indeed, it would be risky to not subject this work to the discipline of real-
world experiment and learning by doing.

Since I have argued that variations in the sources of innovation are caused
to a significant degree by variations in potential innovators’ expectations of
innovation-related profits, two managerially useful things should be possible.
First, by understanding how expected innovation profits are distributed, we
may be able to predict the likely source of innovation. Second, by changing
the distribution of such profit expectations, we may be able to shift the likely
source of innovation. If both of these fundamental things can be done, we
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would be well along the way to learning how to manage a distributed innova-
tion process.

My colleague Glen Urban and I worked together to test the possibility of
predicting the sources of a subset of user innovations: those having the poten-
tial to become commercially successful products in the general marketplace.
(Not all user innovations have this characteristic. A user will innovate if it sees
an in-house benefit from doing so and typically does not consider whether
other users have similar needs. In contrast, a manufacturer typically requires
that many users have similar needs if it is to succeed in the marketplace with a
responsive product.)

The particular context of our test (chapter 8) was the rapidly evolving field
of computer-aided-design equipment used to lay out printed circuit boards
(PC-CAD).! Here we found that we could identify a subset of users that we
termed lead users. We found innovation activity concentrated within this
group as predicted: 87% of respondents in the lead user group built their own
PC-CAD system versus only 1% of nonlead users. We also found that product
concepts based on these lead user innovations were preferred by all users and
therefore had commercial promise from the point of view of PC-CAD product
manufacturers. This result suggests, by example, that prediction of sources of
commercially promising innovation may be possible under practical, real-
world conditions.

My colleague Stan Finkelstein and I tested the possibility of shifting the
source of innovation in the field of automated clinical chemistry analyzer
equipment (chapter 7).2 Differences in clinical chemistry analyzer product
designs were found that made some analyzer brands more expensive for inno-
vating users to modify than others. If innovating users were seeking to maxi-
mize innovation benefit, we hypothesized that there should be more user
innovation activity focused on the economical-to-modify analyzers—for ex-
periments requiring equipment modification. )

We tested this hypothesis in several ways and found it to be supported. We
concluded that managers may sometimes be able to shift the sources of innova-
tion affecting products of interest to them by manipulating variables under
their control, such as product design.

Implications for Innovation Research

When a model fits reality well, data fall easily and naturally into the patterns
predicted. I have been repeatedly struck by the clear, strong patterns that can
be observed in the data that my students and I have collected on the func-
tional sources of innovation. I hope that this aspect of the findings will not
escape the eye of researchers potentially interested in exploring the function-
ally distributed innovation process.

Can we use the strong patterns identified in the functional sources of innova-
tion to build a better understanding of the way innovation-related profits are
captured? It seems to me to be important to do so: The nature and effective-
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ness of strategies for capturing innovation-related profits probably have as
great an impact on economic behavior as do considerations of transaction
costs or economies of scale, yet we know much less about them.

As an example of a strong pattern in the functional source of innovation
data worth exploring, consider that my hypothesis simply states that innova-
tions will be developed by those who expect a return they find attractive. But
the data show that innovations of a specific type are typically developed by
firms that expect the most attractive return. Can we build from this to show
that those expecting the most attractive returns in an innovation category will
invest more and eventually drive out all others over time? If so, we will greatly
improve our ability to understand and predict the sources of innovation on the
basis of innovation-related profits.

As an example of how a better understanding of real-world patterns in
innovation-related profits may help us understand a range of economic issues,
consider the matter of why firms specialize. Current explanations of this
phenomenon focus on consideration of maximizing economy in production.
But in the instance of process equipment, decisions by users to develop their
own equipment do not appear to me to be motivated by such make-or-buy
savings. Instead, innovating users appear to be motivated by considerations of
increased profits they may obtain by having better equipment than that avail-
able to competitors. That is, they seem to be motivated primarily by consider-
ations of innovation-related rents.

The research my students and I have carried out to date has primarily
focused on product and process categories in which innovator firms have
developed innovations on their own and have had only a single functional role
with respect to those innovations. (An innovator was typically a user or a
manufacturer, but not both.) The world clearly has more complex cases in it.
In some fields of innovation, firms may customarily join with others to de-
velop innovations cooperatively. In other fields firms may typically be verti-
cally integrated or for some other reason contain multiple functional roles
within the same organization. These more complex patterns should be stud-
ied. Possibly, but not certainly, we will be able to understand them in terms of
the same principles found operating in simpler cases.

In the hope that some colleagues will find further research on the functional
sources of innovation intriguing, I provide case materials (appendix). These
may serve some as a convenient source of initial data.

Implications for Innovation Management

Innovation managers will, I think, find much of practical use in the research I
explore in this book. The fact that the sources of innovation can differ has
major consequences for innovation managers, both with respect to the organi-
zation of R & D and marketing and to management tools (chapter 9).

Firms organize and staff their innovation-related activities based on their
assumptions regarding the sources of innovation. Currently, I find that most
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firms organize around the conventional assumption that new products are—or
should be—developed by the firm that will manufacture them for commercial
sale. This leads manufacturers to form R & D departments capable of fulfilling
the entire job of new product development in-house and to organize market
research departments designed to search for needs instead of innovations.

Indeed, if a manufacturer depends on in-house development of innovations
for its new products, then such arrangements can serve well. But if users,
suppliers, or others are the typical sources of innovation prototypes that a
firm may wish to analyze and possibly develop, then these same arrangements
can be dysfunctional. (For example, one cannot expect a firm’s R & D group
to be interested in user prototypes if its engineers have been trained and
motivated to undertake the entire product development themselves.) Once
the actual source of innovation is understood, the nature of needed modifica-
tions to firms’ related organizational arrangements can be addressed.

New sources of innovation demand new management tools as well as new
organization. Marketing research methods traditionally used to seek out and
analyze user needs must be modified if they are to be effective for seeking out
prototype products users may have developed. Similarly, tools for analyzing
and possibly shifting the functional sources of innovation are not in firms’
current management inventory and must be developed.

Early versions of needed tools will be found in this book. Obviously, much
more work must be done. But I urge that innovative managers not wait for
better tools and experiment now. Where patterns in the functional sources of
innovation are strong, managers with a good understanding of their industries
can get useful results by combining the basic concepts presented in this book
with their own rich insights—and they should not be reluctant to do this.

Implications for Innovation Policy

Policymakers will find this research on the distributed innovation process
interesting for many of the same reasons that managers will: Attempts to
direct or enhance innovation must be based on an accurate understanding of
the sources of innovation.

As was the case for innovation managers, government policymakers need
new tools to measure and perhaps influence a functionally distributed innova-
tion process, and these have not yet been developed. Pending the develop-
ment of such tools, however, much can be done simply through an understand-
ing that the innovation process can be a functionally distributed one.

As an illustration, consider the current concern of U.S. policymakers that
the products of U.S. semiconductor process equipment firms are falling be-
hind the leading edge. The conventional assessment of this problem is that
these firms should somehow be strengthened and helped to innovate so that
U.S. semiconductor equipment users (makers of semiconductors) will not also
fall behind. But investigation shows (Table 1-1) that most process equipment
innovations in this field are, in fact, developed by equipment users. There-
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fore, the causality is probably reversed: U.S. equipment builders are falling
behind because the U.S. user community they deal with is falling behind. If
this is so, the policy prescription should change: Perhaps U.S. equipment
builders can best be helped by helping U.S. equipment users to innovate at
the leading edge once more (chapter 9).

The elements in the example I have just described can clearly be seen as
components in a distributed innovation process that interact in a systemlike
manner. Eventually, I hope we will understand such systems well enough to
have a ready taxonomy of moves, countermoves, and stable states. But even
our present understanding of the functionally distributed innovation process
can, in my view, help us to advance innovation research, practice, and policy-
making. '

Notes

1. Glen L. Urban and Eric von Hippel, “Lead User Analyses for the Development
of New Industrial Products” (MIT Sloan School of Management Working Paper No.
1797-86) (Cambridge, Mass., June 1986), and Management Science (forthcoming).

2. Eric von Hippel and Stan N. Finkelstein, “Analysis of Innovation in Automated
Clinical Chemistry Analyzers,” Science & Public Policy 6, no. 1 (February 1979): 24—
37.
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Users as Innovators

In this chapter [ begin by exploring who actually develops novel, commercially
successful scientific instruments. Then I explore the actual sources of innova-
tion in two major classes of process equipment used by the electronics industry.
In both of these areas, I find that the innovators are most often users.

The discovery that users are innovators in at least some important catego-
ries of innovation propels us into the first major question I examine in this
book: Who actually develops the vast array of new products, process equip-
ment, and services introduced into the marketplace? The answer is clearly
important: An accurate understanding of the source of innovation is funda-
mental to both innovation research and innovation management.

The Sources of Scientific Instrument Innovations

Scientific instruments are tools used by scientists and others to collect and
analyze data. My study of scientific instrument innovations focuses on four
important instrument types: the gas chromatograph, the nuclear magnetic
resonance spectrometer, the ultraviolet spectrophotometer, and the transmis-
sion electron microscope. Each of these instrument types was, and is, very
important to science.!*

*The gas chromatograph was a revolutionary improvement over previous wet chemistry meth-
ods used to identify chemical unknowns. Analyses that formerly took years to do or that could not
be done at all prior to the innovation could now often be done in hours with gas chromatography.
The nuclear magnetic resonance spectrometer (lately applied to medical research but initially
used by chemists) opened an entirely new approach—the analysis of nuclear magnetic moments—
to the determination of molecular structures. The ultraviolet spectrometer made analysis of
materials by means of their ultraviolet spectra (a very useful research tool) easily achievable. The
transmission electron microscope allowed researchers for the first time to create images of objects
down to a resolution unit of approximately one angstrom (A), far better than could be achieved
by any optical microscope.

11
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TaBLE 2-1. Scientific Instrument Sample Composition

Improvements
Instrument Type First-of-Type  Major Minor Total
Gas chromatograph 1 11 0 12
Nuclear magnetic resonance spectrometer 1 14 0 15
Ultraviolet absorption spectrophotometer 1 5 0 6
Transmission electron microscope 1 14 63 78
TOTAL 4 44 63 11

My innovation sample for each of the four instrument families included the
initial, first-of-type device as it was first commercialized and the many com-
mercially successful major and minor “improvement” innovations that en-
hanced the performance of that basic device over the succeeding 20 or more
years.

The sample structure, shown in Table 2-1, might initially seem rather odd.
Why focus on the innovations that improved just four types of scientific
instrument? After all, many types of scientific instrument exist? and perhaps
the generalizability of results might be better served by a random sampling
from the whole field? Focusing on a few instrument types in depth, however,
offers several advantages.

First, by examining successive innovations affecting a given instrument
type, variables such as the nature of the market and industry structure, which
might affect the sources of innovation we observe, can be controlled for.
Second, a sample that follows the evolution of a few products over 20 or more
years allows us a longitudinal view of the sources of innovation. Any major
changes in the functional sources of innovation that may occur over time
should be visible. Finally, an instrument type such as those examined here
typically represents a product line from a manufacturing firm’s viewpoint.
Therefore, patterns of innovation that we observe in our samples are similar
to those a manufacturer would have to face and deal with in the real world.

Methods

To guard against enthusiasm coloring my findings, I made my criterion for
determining the' source of an innovation objectively codable. 1 defined an
innovator as the firm or individual that first developed a scientific instrument
innovation to a state proved functionally useful, as indicated by the publica-
tion of data generated by it in a scientific journal.

My next task was to identify a sample of major and minor improvement
innovations for each of the four instruments to be studied. This was done by,
first, identifying users and manufacturer personnel expert in each instrument
type.* Then, to identify major improvement innovations, each expert was
asked to identify improvements developed after the basic innovation that
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provided a significant improvement in instrument performance relative to
best preexisting practice.* The experts turned out to have quite uniform
views. Either almost everyone contacted agreed that an innovation was of
major functional utility—in which case it was included—or almost no one did,
except the proposer—in which case it was rejected.

Minor improvement innovations were identified for the electron micro-
scope only.’ To generate a sample of these, the set of experts first listed all the
innovations they could think of that had produced any improvement to any
aspect of electron microscope performance and that had been commercial-
ized. I then augmented this initial list by a scan of the catalogs of microscope
manufacturers and microscope accessory and supply houses to identify any
innovative features, accessories, specimen preparation equipment, and so on,
that met the same criterion.

The samples of first-of-type and major improvement innovations that were
identified by these procedures are listed in Table 2-2.

Samples in hand, I next faced a rather daunting data collection task. I
wanted to understand the details of over 100 highly technical innovations and
their histories. To accomplish the task I evolved a pattern that has served well
during a number of studies. I set aside a summer and, with the aid of National
Science Foundation (NSF) funding, recruited several excellent, technically
trained MIT master’s candidates to work with me. We all worked together in
a large office, collecting data through telephone calls, library work, and field
trips according to a standard data collection guide. Frequent comparing of
notes and joint work (with breaks for noontime volleyball and chess games)
kept our data to a high standard of reliability. (Additional discussion of data
collection methods will be found in the appendix, along with detailed innova-
tion case histories.)

The Sources of Innovation

As my students and I worked over the summer, we began to see that there was
a clear answer to our question regarding the source of innovation in the field
of scientific instruments. As can be seen in Table 2-3, it emerged that users
were the developers of fully 77% of all the innovations we studied. And, as
can be seen in Table 2-4, this pattern was uniformly present in all four
instrument families studied.

Some sample members were not clearly independent: Several innovations
were sometimes attributed to a single innovating user or manufacturer.s But,
as is shown in Table 2-5, the finding of user innovation is not affected by this:
A subsample that excludes all but the first case, chronologically, in which a
particular user or firm plays a role shows the same pattern of innovation as the
total sample. Employment of other decision rules in this test (e.g., the exclu-
sion of all but the last case in which a given firm or user plays a role) produces
the same outcome.
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TaBLE 2-2. Sample of Major Scientific Instrument Innovations

First-of-type: Gas chromatograph (GC)

Major improvement innovations

Temperature programming Flame ionization detector
Capillary column Mass spectrograph detector
Silanization of column support material Gas sampling valve with loop
Thermal conductivity detector Process control chromatography
Argon ionization detector Preparative gas chromatography

Electron capture detector

First-of-type: Nuclear magnetic resonance (NMR) spectrometer

Major improvement innovations

Spinning of NMR sample Pulsed NMR spectrometer

Fourier transform/pulsed NMR Heteronuclear spin decoupling
Homonuclear spin decoupling Frequency synthesizer

Superconducting solenoids Shim coils

Primas polecaps T,rho

Field frequency lock - Electronic integrator

Pulsed field gradient accessory Proton-enhanced nuclear induction spectros-
Multinuclei probe copy

First-of-type: Ultraviolet (UV) spectrophotometer

Major improvement innovations
Direct-coupled chart recorder Automatic double beam
Automatic scanning Double monochrometer
Reflection grating

First-of-type: Transmission electron microscope (TEM)

Major improvement innovations

Pointed filaments Three-stage magnification
Telefocus electron gun Scaled-up objective pole piece
Double condenser lens Goniometer specimen stage
Correction of astigmatism in objective lens Cold-specimen stage
Well-regulated high-voltage power supplies High-temperature specimen stage
Well-regulated lens power supply Biased electron gun

Rubber gasket sealing of vacuum system Out-of-gap objective lens

Recall that my measure of the source of innovation is based on who first
developed a later-commercialized scientific instrument innovation. When us-
ers were found to be first, I termed them the innovators. But is it possible that
in such cases manufacturers were also innovators, developing the same innova-
tions independently? It seemed implausible, but I checked.

On the basis of two types of evidence, it appears that users who are first to
innovate are indeed the innovators. First, most manufacturers who commer-
cialize innovations initially developed by users say that their commercial prod-
uct is based on the earlier, user-developed device. Second, as Table 2—6
shows, 78 % of the instruments commercialized by scientific instrument manu-
facturers display the same underlying technical operating principles as their
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TaBLE 2-3. Source of Scientific Instrument Innovations by Innovation Significance

% User Innovation Developed by
Innovation Significance Developed  User  Manufacturer NA  Total
First-of-type 100% 4 0 0 4
Major improvement 82 36 8 0 44
Minor improvement 70 32 1_4_ 17 63
TOTAL 77 72 22 17 11t

user prototype predecessors. This would be exceedingly unlikely to occur if
users and manufacturers were engaged in parallel-but independent research

efforts.”

Three abbreviated case histories can convey a good feeling for the innova-
tion patterns found in scientific instruments. The first is an example of a user-
developed major improvement innovation; the second is an example of a
manufacturer-developed major innovation; the third is an example of a minor

improvement innovation developed by a scientific instrument user.

Case Qutline 1. A user-developed major improvement innovation: spinning
of a nuclear magnetic resonance sample.

Samples placed in a nuclear magnetic resonance spectrometer are subjected to
a strong magnetic field. From a theoretical understanding of the nuclear mag-
netic resonance phenomenon, it was known by both nuclear magnetic reso-
nance spectrometer users and personnel of the then-only manufacturer of
nuclear magnetic resonance equipment (Varian Associates, Palo Alto, Califor-
nia) that increased homogeneity of that magnetic field would allow nuclear
magnetic resonance equipment to produce more detailed spectra. Felix Bloch,
Professor of Physics at Stanford University and the original discoverer of the
nuclear magnetic resonance phenomenon, suggested that one could improve

TaBLE 2-4. Source of Innovation by Type of Instrument

Innovations Developed by

Major Improvement % User
Innovations - Developed  User Manufacturer NA  Total
Gas chromatograph 82% 9 2 0 11
Nuclear magnetic

resonance spectrometer 79 11 3 0 14
Ultraviolet

spectrophotometer 100 5 0 () 5
Transmission

electron microscope 79 11 3 0 14

TOTAL 81 36 8 0 44
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TABLE 2-5. A Subsample, Selected to Assure Independence, Shows Substantially
the Same Pattern of User Innovation as Total Sample

Innovations Developed by

Major Improvement % User
Innovations Developed User Manufacturer NA Total
Gas chromatograph ' 86% 6 1 0 7
Nuclear magnetic

resonance spectrometer 100 5 0 0 5
Ultraviolet

spectrophotometer 100 2 0 0 2
Transmission :

electron microscope 83 5 1 _2 6

TOTAL 90 18 2 0 20

the effective homogeneity of the field by rapidly spinning the sample in the
field, thus averaging out some inhomogeneities. Two of Bloch’s students, W.
A. Anderson and J. T. Arnold, built a prototype spinner and experimentally
demonstrated the predicted result. Both Bloch’s suggestion and Anderson
and Arnold’s verification were published in the same issue of Physical Re-
view.8

Varian engineers went to Bloch’s laboratory, examined his prototype sam-
ple spinner, developed a commercial model, and introduced it into the mar-
ket by December 1954. The connection between Bloch and Varian was so
good and Varian’s commercialization of the improvement so rapid that there
was little time for other users to construct homebuilt spinners prior to that
commercialization.

Case Outline 2. A manufacturer-developed major improvement innovation: a
well-regulated, high-voltage power supply for transmission electron
microscopes.

The first electron microscope and the first few precommercial replications
used batteries connected in series to supply the high voltages they required.
The major inconvenience associated with this solution can be readily imag-
ined: voltages on the order of 80,000 v were required, and nearly 40,000

TABLE 2-6. Were the Operating Principles of the User’s Design Replicated in the
First Commercial Device?

Major Improvement Innovations %Yes Yes No NA Total
Gas chromatograph 78% 7 2 0 9
Nuclear magnetic resonance spectrometer 82 9 2 0 11
Ultraviolet spectrophotometer 100 5 0 0 5
Transmission electron microscope 64 7 4 0 11
TOTAL 78 28 8 0 36
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single wet-cell batteries had to be connected in series to provide this. A
visitor to the laboratory of L. Marton, an early and outstanding experimenter
in electron microscopy, recalls an entire room filled with batteries on floor-
to-ceiling racks with a full-time technician employed to maintain them. An
elaborate safety interlock system was in operation to insure that no one
would walk in, touch something electrically live, and depart this mortal
sphere. Floating over all was the strong stench of the sulfuric acid contents of
the batteries. Clearly, not a happy solution to the high-voltage problem.

The first commercial electron microscope, built by Siemens of Germany in
1939, substituted a power supply for the batteries but could not make its
output voltage as constant as could be done with batteries. This was a major
problem because high stability in the high-voltage supply was a well-known
prerequisite for achieving high resolution with an electron microscope.

When RCA decided to build an electron microscope, an RCA electrical
engineer, Jack Vance, undertook to build a highly stable power supply and by
several inventive means achieved a stability almost good enough to eliminate
voltage stability as a constraint on the performance of a high-resolution micro-
scope. This innovative power supply was commercialized in 1941 in RCA’s
first production microscope.

Case Outline 3. A user-developed minor improvement innovation: the self-
cleaning electron beam aperture for electron microscopes.

Part of the electron optics system of an electron microscope is a pinhole-sized
aperture through which the electron beam passes. After a period of micro-
scope operation, this aperture tends to get contaminated with carbon. The
carbon becomes electrically charged by the electron beam impinging on it;
the charge in turn distorts the beam and degrades the microscope’s optical
performance. It was known that by heating the aperture one could boil off
carbon deposits as rapidly as they formed and thus keep the aperture dynami-
cally clean. Some microscope manufacturers had installed electrically heated
apertures to perform this job, but these devices could not easily be retrofitted
to existing microscopes.

In 1964 a microscope user at Harvard University gave a paper at the EMSA
(Electron Microscope Society of America) in which he described his inven-
tive solution to the problem. He simply replaced the conventional aperture
with one made of gold foil. The gold foil was so thin that the impinging
electron beam made it hot enough to induce dynamic cleaning. Since no
external power sources were involved, this design could be easily retrofitted
by microscope users.

C. W. French, owner of a business that specializes in selling ancillary
equipment and supplies to electron microscopists, read the paper, talked to
the author/inventor, and learned how to build the gold foil apertures. French
first offered them for sale in 1964.

The User’s Role in Innovation Diffusion

The innovating users in the case histories presented were researchers em-
ployed by universities. And, as we see in Table 2-7, this was generally true for
my sample of user-developed innovations.
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TaBLE 2-7. Institutions Employing Innovative Users

Private

Major Improvement University/  Manufacturing Self-
Innovations Institute Firm employed NA Total
Gas chromatograph 3 3 1 2 9
Nuclear magnetic

resonance spectrometer 9 0 0 2 11
Ultraviolet

spectrophotometer 4 1 0 0 5
Transmission

electron microscope 10 0 0 1 11

Given that the innovating scientific instrument users were university scien-
tists, we might expect them to be very active in speeding the diffusion of their
innovations—and they were. First (as required by the mores of science),
innovating users (researchers) published their research results and the details
of any homebuilt apparatus used to attain them. Second, they typically also
informed others of their innovations by presentations at conferences and visits
to the laboratories of other scientists.

Information diffused by innovators regarding major innovations was rap-
idly picked up by other scientists or by commercializing firms. In the instance
of major improvements to GC or NMR (the two areas where I looked into the
matter) one of two types of diffusion occurred within a year after the initial
publication by the original innovating user: Either (1) other scientists repli-
cated the homebuilt device and also published papers involving its use (fre-
quently the case) or (2) a commercial version was on the market (seldom the
case). Both patterns are shown in Table 2--8.

In sum, we see that the role of the user—depicted schematically in Figure
2—-1—was both very rich and central to the scientific instrument innovation
process.

TABLE 2-8. When Instrument Manufacturers Did Not Commercialize
User Innovations Quickly, Other Users Made Homebuilt Copies

Homebuilts present, time

User time lag > 1 year lag 1 year or < 1 year
" Innovation %Yes Yes No NA %Yes Yes No NA
Gas chromatograph 100% 5 0 0 0% 0 3 1
Nuclear magnetic resonance
spectrometer 100 8 0 1 0 0 1 1

TOTAL 100 13 0 1 0 0 4 2
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User-dominated steps

Manufacturer role

1

Significant instrument
improvement invented,

2

User diffuses resuits and
how-~to-do-it information

3

A few users (or a few
dozen) build their own

4

Instrument company
introduces commercial

built, and used by through publication, instrument. version.
user. symposia, visits, etc.
O
Inventive O
User
-
Other users ask
instrument companies
when a commercial e
version will be Commercializing
available Instrument
Company
O
: : O
Invention, prototyping +  Information diffusion 3 Precommercial replication : Commercial
. ¢ and use : manufacture and sale

FiGURe 2—-1. Typical Steps in the Development and Diffusion of a Scientific
Instrument Innovation

Typically the innovative user:

« Perceived that an advance in instrumentation was required.

* Invented the instrument.

* Built a prototype.

» Proved the prototype’s value by applying it.

« Diffused detailed information on both the value of the invention and on
how the prototype device could be replicated.

In instances coded as user innovation, an instrument manufacturer entered
the process only after all of the above events had transpired. Typically, the
manufacturer then: '

* Performed product engineering work on the user’s device Lo improve its
reliability and convenience of operation.
» manufactured, marketed, and sold the innovative product.

The Sources of Semiconductor and
Printed Circuit Board Assembly Process Innovations

The study of scientific instruments I have just reviewed showed user innova-
tion as typical in that field. But is this pattern unique to scientific instruments?
After all, university scientists, the typical innovators in that field, are clearly
not typical of the users of most products, processes, or services.
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TaBLE 2-9. Sample Composition

Innovations Implemented by

Novel Technique
Novel Equipment Only
Semiconductor
Initial practice 5 6
Major improvements 16 3
Minor improvements 11 0
PC board assembly
Initial practice 2 2
Major improvements 6 0
Minor improvements 9 0
TOTAL 49 11

To explore this matter, I decided to conduct a second study in other, more
“normal” fields, before suggesting that users-as-innovators might be a gener-
ally significant phenomenon. In this study, I examined innovations affecting
two types of processes: the manufacture of silicon-based semiconductors and
the assembly of printed circuit (PC) boards.*

Methods

Semiconductors and PC boards are, in common with most products, manufac-
tured by means of a series of process steps. Thus, the process of manufactur-
ing silicon-based semiconductors may start with a crystal-growing process
step, followed by a step in which the crystal is sliced into thin circular wafers,
and so forth.

My sample in this study consisted of the successive innovations that first
established and then improved several such manufacturing process steps (see
Table 2-9). Since the machinery used for a manufacturing process step often
represents a product line for an equipment manufacturer, the resulting sample
structure is similar to that used in the study of scientific instruments, and it
shares its advantages.

The 60 innovations included in this study (listed in Table 2—-10) were identi-
fied by means of a process involving several steps. I began by studying process
flow sheets to identify the major process steps used to manufacture semiconduc-
tors and assemble printed circuit boards. Next, I selected some of these process
steps® and identified the method used in the initial commercial practice of each
(i.e., the first method used by any firm to manufacture products for sale rather

*Most electronic products today use printed circuit boards to link the electronic components
they contain (integrated circuits, resistors, capacitors, etc.) into functioning circuits. The PC
board itself resembles a plastic board or card. It is typically rectangular, it is less than Vie-in. thick,
and it measures a few inches on each side. Electronic components are mounted on one or both
board surfaces, and thin metal paths that run on the surface of the board and/or within it
interconnect the components into the desired electronic circuitry. Board manufacture here in-
cludes the manufacture of the basic board, component insertion, interconnection, and testing.



TasLE 2-10.

Innovations Identified for Silicon Semiconductor and for

Printed Circuit Board Subassembly Processing?

Major Process Step

Initial Commercial
Practice

Major Improvement

Silicon semiconductor products

L. Growth of single-
silicon crystal®

2. Wafer slicing
3. Wafer polishing

4. Epitaxial processing
(optional process
step)

. Oxidation

6. Resist coating

W

7. Mask alignment and
wafer exposure
8. Oxide etching
9. Silicon junction fabri-
cation
10. Metalization
11. Scribing and dicing

12. Mounting
13. Wire bonding

14. Encapsulation
15. Mask graphics

16. Mask reduction

Crystal puller

High-precision saws
Optical polishing equip-
ment and technique?

Pancake reactor
Not examined
Wafer spinner

Mask aligner

Not examined
Grown junction®

Not examined
Jig and fixture*

Not examined
Solder bonding

Not examined
Handcut rubylith
patterns©

Two-stage step and
repeat reduction
process

Electronic subassembly manufacture

1. Circuit fabrication

2. Component insertion

3. Mass soldering

4. Assembly

PC board!

Wire wrapping (optional)

Hand component
insertion®

Dip solderc

Not examined

Resistance-heated crystal puller

Dislocation-free crystal pullert

Automatic diameter control

ID saw

Chemical/mechanical polishing
(Si0,)¢

Chemical/mechanical polishing
(Cupric salts)d '

Horizontal reactor

Barrel reactor

High acceleration wafer spinner

11 minor improvement innovations
Split field optics aligner
Automated mask aligner

Diffused junction furnace
[on implantation accelerator

Mechanical scriber and dicer
Laser scriber and dicer

Thermocompression bonding
Ultrasonic bonding

Optical-pattern generator

Electron beam pattern
generator

Not examined

Not examined¢

Automated wire wrapping (optional)

Single-component-per-station
component insertion

X-y table component insertion

Numerically controlled-driven
x—y-table component insertion

Sequenced component insertion

Wave solder

9 minor improvement innovations

aSource: Eric von Hippel, “The Dominant Role of the User in Semiconductor and Electronic Subassembly
Process Innovation,”™ IEEE Transactions on Engineering Management EM-24, no. 2 (May 1977). 64-65 © 1977

IEEE.

bFloat zone refining and dislocation-free float zone refining offer an alternate silicon single crystal growing

technology.

“This process innovation was embodied primarily in operator technique rather than in novel process equipment.
dThe process machinery used in the initial commercial practice of this process step was commercially available
and being used in other industries. Innovation work needed in these instances consisted simply of identifying
the equipment as appropriate for the process step contemplated and/or redefining the process step specifica-
tions until they fitted the capabilities of that equipment.
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TaBLE 2—-11. Sources of Process Machinery Innovations

Innovation Developed by

Joint User/
Manu- Manu-
% User User facturer  facturer ~ NA Total

Semiconductor process
Initial practice 100% 5 0 0 0 5
Major improvements 71 10 2 2 2 16
Minor improvements 56 5 3 1 2 11
PC board assembly
Initial practice 100 2 0 0 0 2
Major improvements 40 2 2 1 1 6
Minor improvements 63 5 2 1 1 i
TOTAL 67 29 9 5 6 49

than for laboratory purposes). Then, using the same process of polling experts
described earlier in the context of the scientific instrument study, I identified
the major improvements that had been made to each process step over the
following years. (A major improvement was defined as a change in equipment
or technique that provided a significant improvement in process step perfor-
mance relative to best preinnovation practice.) Finally (again following meth-
ods described earlier), I identified an exhaustive sample of minor process step
improvements affecting one semiconductor and one PC board assembly pro-
cess step. (Minor improvement innovations were defined as those that gave
the user any improvement in any dimension important in processing such as
cost reduction, increased speed, quality, consistency, and so on.0)

As in the scientific instrument study, I defined an innovator as the firm or
individual that first developed a sampled innovation to a state proved function-
ally useful. Here, proof of functional usefulness was documented use of the
innovation in commercial production. All of the innovations selected for
study were commercially successful, with commercial success being defined as
near-universal adoption by process users in the few years following the innova-
tion’s debut. (Today, of course, many of the innovations have been sup-
planted by later improvements.)

Data collection methods used in this study are precisely the same as those
used in the study of scientific instruments that were described earlier in this
chapter.

The Sources of Innovation

As Table 2-11 shows, users developed all of the process machinery innova-
tions involved in the initial commercial practice of a process step and more
than 60% of the major and minor improvements to that machinery. (Conven-
tional wisdom suggests that user-developed innovations are rare. But even if
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TABLE 2-12. Process Innovations That Do Not Require Novel Equipment

Innovations Implemented
Through

Commercial
Equipment®  Technique Only®  Developed by

Semiconductor process

Initial practice 2 3 100% User
Major improvements 0 3 100% User
PC board assembly

100% User

Initial practice
Major improvements

TOTAL

w|op—-
\llOr—

[dentified in Table 2-10 by the superscript “d.”
bIdentified in Table 210 by the superscript “c.”

we allow H, to be that users will develop 50% of the sampled innovations, p <
.02, our sample would yield the 67% user-developed innovations reported in
Table 2-11.) Clearly, user innovation is not a phenomenon restricted to scien-
tific instruments only. -

In this second study we see a modest amount of joint user/manufacturer
innovation activity (coded as user/manufacturer in Table 2-11). Also, we see
users active in two types of innovations that I have not discussed before.

First, from Table 2-12 note that users developed all of the technique-only
process innovations in the sample. (Such an innovation does not require any
novel equipment for implementation. Rather, it involves modifying the way in
which existing equipment is operated in order to make an improvement.)

Second, users were found to be the developers of all (three only) multistep
process concepts I examined in this study. These are the important process
concepts that underlie single process steps and give them meaning. For
example, in the semiconductor industry the process steps listed as 5-10 in
Table 2-10 are all steps in a photolithographic process that are intended to
implement a larger process concept known as the planar process of semicon-
ductor manufacture.

I did not explicitly collect a sample of this important type of innovation, but
I did note three in the course of collecting data on the single-step innovations I
was studying. The first of these was the planar process for manufacturing
semiconductors just mentioned. It was developed by Fairchild Semiconduc-
tor, a process user.The product/process concept of building semiconductors
on a silicon substrate rather than on germanium also affected many process
steps, and it was developed by Bell Laboratories and Texas Instruments, both
users of the process. Finally, the basic product/process concept of mounting
electronic components on a plastic board that had electrical circuits printed on
it (the basic concept of the PC board) was developed by the U.S. Signal
Corps, a user, in 1948 as part of an effort to miniaturize military electronics.
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TaBLE2-13. Patterns in Transfer of User Innovations to First Commercializing
Equipment Manufacturers?

Lag Between User Inno-

How Frequently vation and First Com-

Observed mercial Equipment Sale

Pattern Observed % (n) Mean Years SD
Multiple user/

manufacturer interactions 46% 11 3.7 1.3

No transfer found 25 6 1.8 0.4

User equipment order 21 5 1.0 1.3

User becomes manufacturer 8 2 4.0 0.0

aTotal user-developed process machine innovations = 29; transfer pattern data NA = 5.

Diffusion of Innovations

Unlike the situation in scientific instrument innovations, users of process
equipment innovations do not necessarily have an incentive to transfer what
they know to an equipment manufacturer. In fact they might have an incen-
tive to hide what they know to achieve a competitive advantage. (I will con-
sider this matter in depth in chapter 6.) Therefore, it would be interesting to
know how equipment manufacturers learned of the user process innovations I
studied, and I looked into the matter.1!

Details of the transfer process were typically not well documented or re-
called by interviewees. However, I determined that the transfer of user-
developed process equipment innovations to the first equipment manufactur-
ing firm to produce them as a commercial product fell into one of four general
patterns (see Table 2—-13).

In order of the frequency with which these were observed:

1. Multiple interactions between the staffs of user firms and manufacturer
firms made it impossible to isolate the events surrounding transfer. In
these instances, several user firms had homemade versions of the innova-
tion in-house at the time of transfer, and it was clear that a great deal of
information was being passed around. A typical interviewee comment:
“Everyone was talking about x user design at the time.”

2. No transfer identified. Although a user was first to develop the equipment
used commercially (and was coded as the innovator on this basis), no
transfer process was identifiable retrospectively.

3. A user (not necessarily the initial innovating user) transferred the design
-of the innovation along with a purchase order for units produced to that
design. The user’s intent in these instances was to obtain an outside source
of supply for the novel equipment.

4. An equipment user (not necessarily the innovating user) also adopted the
role of equipment manufacturer and began to produce the innovation for
sale to other user firms.
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Primary Actor User Manufacturer
Innovation | Identify Research/ Build iali TIME
Process Need Development Prototype Agpflfy ICorInmerc:?I 26 —
Stage iffuse Innovation

FiGure 2-2. Steps Observed in the User Development of an Innovation

The User-Dominated Innovation Process

We have now found three innovation categories in which it is typically the
product user, not the product manufacturer, who recognizes the need, solves
the problem through an invention, builds a prototype, and proves the proto-
type’s value in use. If we apply this finding to “stages” of the technical innova-
tion process, we find—somewhat counterintuitively—that the locus of almost
the entire innovation process is centered on the user. As is shown schematically
in Figure 2-2, only commercial diffusion is carried out by the manufacturer.

This finding is at odds with conventional wisdom and with most of the
prescriptive literature in the new product development process directed to
manufacturers. That literature characteristically assumes that the manufac-
turer must find a need and fill it by executing the new product development
stages in Figure 2-2.

It is perhaps natural to assume that most or all of the innovation process
culminating in a new industrial good occurs within the commercializing firm.
First, as we will see in chapter 3, the manufacturer is the usual innovator in
many product and process categories. Second, a manufacturer’s association
with an innovation is usually much more public than that of users and others,
and this can inadvertently reinforce the presumption (sometimes false) of
manufacturer-as-innovator. Thus, very naturally, in the course of marketing
an innovation, manufacturing firms may advertise “their” innovative device.
These firms do not mean to imply that they invented, prototyped, and field
tested the advertised innovation. But, in the absence of countervailing adver-
tising by innovating users or other contributors to the innovative process
(advertising they generally have no reason to engage in), it is easy to make the
assumption.

Of course, some might feel that the data presented in this chapter are not
evidence of user innovation and that the within-manufacturer “norm” applies.
One might decide, for example, that the user-built prototype of an innovative
instrument available to an instrument firm simply serves as a new product
“need” that the firm (in the terminology of Figure 2-2) “identifies.” It would
then follow that the succeeding stages in Figure 2-2 also occur within the
manufacturing firm. The “research and development” stage, for example,
might consist of the engineering work manufacturer personnel devote to con-
verting the user prototype into a commercial product.

Although one might make the argument outlined above, I myself find it
rather thin and unproductive to do so. Essentially, the argument enshrines
relatively minor activities within the manufacturer as the innovation process
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and relegates major activities by the user to the status of input to that process.
If, instead, we look at the scientific instrument and process equipment data
afresh, we see something very interesting: Product categories marked by a
great deal of innovation in which the firms manufacturing the products are not
necessarily innovative in and of themselves. Indeed, we might plausibly look
at the manufacturers of these products as typically only providing the manufac-
turing function for an innovative set of user/customers.

This finding that nonmanufacturers may be the innovators in some indus-
tries certainly opens the way to an interesting new view of the innovation
process. After all, accurate knowledge of who the innovator is is essential to
much innovation research and practice.

Notes

1. National Research Council of the National Academy of Sciences, Chemistry:
Opportunities and Needs (Washington, D.C.: National Academy of Sciences, 1965),
88.

2. U.S. Department of Commerce, Bureau of the Census, Current Industrial Re-
ports: Selected Instruments and Related Products (MA38-B (80)-1 January 1982 SIC
Code 38112) (Washington, D.C.: U.S. Government Printing Office, 1982).

3. The experts consulted were, on the manufacturer side, senior scientists and/or R
& D managers who had a long-time (approximately 20 years) specialization in the
instrument family at issue and whose companies have (or, in the case of electron
microscopy, once had) a share of the market for that instrument family. The users
consulted were interested in instrumentation and/or had made major contributions to
it (as evidenced in scientific review articles of each field).

4. This decision rule excluded “me-too” innovations from the sample, including
those that duplicated the successful performance increase of a previous innovation but
by different technical means.

5. Much of the improvement in performance of a product or process can be the
cumulative result of many minor, incremental innovations (see Samuel Hollander, The
Sources of Increased Efficiency: A Study of Du Pont Rayon Plants [Cambridge, Mass.:
MIT Press, 1965], 196; Kenneth E. Knight, “A Study of Technological Innovation:
The Evolution of Digital Computers” [PhD diss., Carnegie Institute of Technology,
Pittsburgh, Penn., 1963]). Therefore, I had wanted to identify samples of minor im-
provement innovations for all four types of scientific instruments being studied. As
work proceeded, however, I only carried out this plan in the instance of the transmis-
sion electron microscope. Unfortunately, experience showed that participants could
not recall events surrounding minor innovations very well or very reliably. The events
had not seemed very significant at the time—indeed, they were not, they were minor—
and the details had faded with time.

6. The community of users and manufacturers associated with each of the four
instrument types I studied was small in the early days of each type. Therefore, as is
reasonable, my data contain several instances in which more than one major innova-
tion was invented by the same user or first commercialized by the same instrument
firm. With respect to a single user developing more than one innovation: 2 GC innova-
tions were developed by a single user, as were 3 NMR innovations, 2 UV innovations,



Users as Innovators 27

and 4 TEM innovations. With respect to a single manufacturing firm being first to
commercialize more than one sample innovation, the 111 innovations in my sample
were first commercialized by only 26 companies: 12 GC innovations, first commercial-
ized by 8 companies; 15 NMR innovations, first commercialized by 3 companies; 6 UV
innovations, first commercialized by 2 companies; 15 TEM basic and major improve-
ment innovations, first commercialized by 6 companies; and 63 TEM minor innova-
tions, first commercialized by a total of 7 companies.

7. The coding of this question involves some existence of technical judgment by
the coder as no clear definitional boundary exists between the operating principles of
an invention and its engineering embodiment. Perhaps I can best convey a feeling for
the two categories by an illustration using Felix Bloch’s sample spinning innovation
described later in this chapter. The concept of achieving an effective increase in mag-
netic field homogeneity through the operating principle of microscopically spinning the
sample can have many engineering embodiments by which one achieves the desired
spin. Thus one company’s embodiment may use an electric motor to spin a sample
holder mounted on ball bearings; another might, in effect, make the sample holder
into the rotor of a miniature air turbine, achieving both support and spin by means of a
carefully designed flow of air around the holder.

8. F. Bloch, “Line-Narrowing by Macroscopic Motion,” Physical Review 94, no. 2
(15 April 1954): 496-97; W. A. Anderson and J. T. Arnold, “A Line-Narrowing
Experiment,” Physical Review 94, no. 2 (15 April 1954): 497-98.

9. I originally planned to study all 21 major process steps identified in Table 2-10.
Because of time limitations, however, only 14 were completed. These were not chosen
for study randomly, but were chosen by no conscious system. ’

10. Innovations that offered major or minor increments in functional utility to users
relative to previous best practice were identified independently for each process step
studied (i.e., major improvements in component insertion equipment were identified
by comparison with other component insertion equipment innovations only). This was
done because improvements in the different types of equipment typically had an
impact on various dimensions (precision, speed, reliability, and so on) not easily made
commensurable.

11. Eric von Hippel, “Transferring Process Equipment Innovations from User-
Innovators to Equipment Manufacturing Firms,” R&D Management 8, no. 1 (October
1977): 13-22.
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Variations in the Functional Source
of Innovation

We have seen that users sometimes innovate. But do they always? Or does the
functional source of innovation vary in some manner between users, manufac-
turers, suppliers, and others? To be able to answer these questions, we must
have data on the sources of innovation characteristic of at least a few more
types of innovation. Therefore, my students and I undertook the six brief
studies I will describe in this chapter.

Each of the six studies examines a different type of innovation. The first
four I will review consider innovation categories chosen to match my own
areas of technical knowledge and those of the graduate students participating
in our project. The choice of topics for the last two studies I will review was
made on a different basis, which I will spell out when discussing them.

Each study uses identical methods, so that their results are commensura-
ble, and each is tightly focused on a single issue: What are the sources of
innovation? These studies find that the functional source of innovation dif-
fers strikingly across the several types of product and process innovation I
have explored.

Users as Innovators: Pultrusion

Pultrusion is a valuable process for manufacturing fiber-reinforced plastic
products of constant cross-section. It is well suited to the production of high-
strength composites with reinforcement material that is aligned in known
directions—just what is needed for demanding structural applications such as
those in aerospace vehicles and sports equipment. Although pultrusion sales
at the time of the study were relatively small, they had been growing rapidly
and were expected to continue to do so.!

The pultrusion process is performed from start to finish on a single ma-

28
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TaBLE 3—1. Pultrusion Process Machine Innovations

Basic Innovation: Original batch pultrusion process

Major process machinery improvements

Intermittent pultrusion process Tractor pullers
Tunnel oven cure Cut-off saw
Continuous pultrusion process Radio frequency augmented cure

Tooling innovations
Preforming tooling Improved dies
Hollow product tooling

chine. The process starts when reinforcing material such as fiberglass is pulled
simultaneously from a number of supply rolls and into a tank containing a
liquid thermoset resin such as polyester. Strands of reinforcement material
emerge from the tank thoroughly wetted with resin and then pass through
preforming tooling that aligns and compacts the strands into the desired cross-
section. The compacted bundle of glass and liquid resin is then pulled through
a heated die where the resin is cured. Next the cured product moves through
pullers, which are the source of the considerable mechanical force needed to
draw reinforcing material and resin through the steps just described. Finally a
saw cuts the continuously formed product into sections of the desired length.

The Sample

The basic pultrusion process was developed in the late 1940s. Since that time,
there have been major improvements to pultrusion process machinery and to
the resins and reinforcement materials used in the pultrusion process as well.
The sample (Table 3-1) focuses on pultrusion process machinery only. It
contains all machinery innovations that resulted in major improvements to the
pultrusion process when judged relative to the best practices obtaining at the
time each innovation was first commercialized.? )

In addition, the sample contains three tooling innovations. These are not
strictly part of a general-purpose pultrusion machine. Rather, they are acces-
sories to the machine (sometimes also called jigs or fixtures) that are designed
especially to aid in the manufacture of a particular product. (The ones in the
sample are each useful for a large category of pultruded product. Each is
described in detail in the appendix.)

All innovations studied were very successful and spread through much of
the user community in the form of user-made and/or commercially produced
equipment.

Findings: The Sources of Pultrusion Equipment Innovation

As can be seen in Table 3-2, almost all significant pultrusion process machin-
ery innovations were developed by machine users (producers of pultruded
products). :
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TaBLE 3-2. Sources of Pultrusion Process Machinery Innovations

Innovation Developed by

Innovation Type %0 User User Manufacturer NA Total
Original process 100% 1 0 0 1
Major improve-
ments 86 5 1 0 6
Tooling innovations 100 3 _0_ 0 3
TOTAL 90 9 1 0 10

This finding follows the pattern of earlier studies, but in this case the user-
innovators appear much less technically sophisticated than those we encoun-
tered earlier. Innovating users of pultrusion process equipment were emphati-
cally not high-tech firms. They were essentially job shops making fiberglass
products by pultrusion and, often, by hand-layup methods as well. (Readers
who remember repairing the bodywork on their cars as teenagers will have
had firsthand experience with the hand-layup process. It simply involves wet-
ting fiberglass fabric or roving with a liquid plastic, shaping the wet material as
desired, then curing the plastic.)

These user firms had no formal R & D groups and, typically, no one with
formal technical training in plastics or plastics fabrication. If an order came in
for a part of novel shape, the foreman on the factory floor or one of the
workers would make up a mold to aid in shaping it. If the first design worked,
production would commence. If not, the mold and patterns of fiberglass layup
would be tinkered with until they did work acceptably. The more parts
needed of a given shape, the greater the effort put into making molds and
other aids to speed the layup process.

Typically, important pultrusion innovations were triggered when a user
firm received a large order for a part of uniform cross-section such as hun-
dreds of feet of one structural shape or thousands of feet of rod to be used for
fiberglass fishing poles. Faced with a massive task of this sort, a creative
person on the factory floor was sometimes inspired to innovate, using an
innate sense of engineering design and machine parts lying around the fac-
tory. In a few instances, these efforts resulted in process equipment innova-
tions of general value.

Manufacturers as Innovators: The Tractor Shovel

The tractor shovel is a very useful machine often used in the construction
industry. Initial conversations with experts in construction led us to suspect
that users would in fact be innovators in tractor shovels. Everyone had a story
to tell about a construction firm that, facing an unusual challenge and a tight
deadline, performed an overnight modification to some item of construction
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TaBLE 3-3. Sample of Tractor Shovel Innovations

Basic Innovation: Original tractor shovel

Major improvements

Side lift arm linkage Double-acting hydraulic cylinders

Power steering Four-wheel drive '

Hydraulic bucket control Torque converter

Fluid transmission coupling Articulation

Planetary final drive Power shift transmission
Significant special-purpose accessories

Lenthened boom arms Attachment coupler system

Log grapple Steel-shod tires

Bottom dump bucket

equipment that solved the problem and saved the day. In fact, however,
tractor shovel manufacturers turned out to be the dominant source of commer-
cially successful tractor shovel innovations.

The tractor shovel can be visualized as a four-wheeled, rubber-tired ma-
chine with a large, movable scoop mounted at the front end. It is normally
used for excavation and other construction tasks as well as for the general
handling of bulk materials, ranging from coal to chemicals to soybeans. House-
holders who live in states with severe winters may have a clear visual image of
tractor shovels: They are typically the machines that dig out roads after ordi-
nary trucks have been halted by deep snow.

Tractor shovels are built in many sizes. Today, one can find large tractor
shovels with massive, 20 cu-yd scoops working in open-pit mines loading ore
into trucks; one can also find small tractor shovels working in warehouses
shifting various materials from place to place 1 cu yd at a time. Approximately
41,000 tractor shovels of all sizes were manufactured in the United States in
1980, with an aggregate value of $1.5 billion dollars.?

The Sample

The basic tractor shovel was developed in 1939. The sample consists of that
basic innovation plus all significant improvements to the tractor shovel com-
mercialized prior to 1970.4 The major improvements category in Table 3-3
consists of innovations that are installed in virtually all tractor shovels and that
are of value to essentially all users. For example, articulation, an innovation
that hinges the tractor shovel in the middle and greatly improves steering and
traction, is valuable to essentially all users and is now incorporated in almost
all tractor shovels. In contrast, the special-purpose accessories listed are inno-
vations that are only of value in some specialized tasks. Thus, the lengthened
boom arms are used primarily by those who load high-sided trucks, whereas
the log grapples are primarily used by lumber companies in their logging
operations. Of course, many other special-purpose accessories exist, ranging
from asphalt pavers to snow blowers. The five chosen for study serve rela-
tively large user groups.
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TaBLE 3—4. Sources of Tractor Shovel Innovations

Innovation Developed by

Allied
% Manu- Manu- Manu-
Innovation Type facturer facturer facturer User NA Total
Basic shovel 100% 1 0 0 0 1
Major improve-
ments 100 10 0 0 0 10
Major accessories 80 2 2 1 0 S5
TOTAL 94 13 2 1 0 16

Findings: The Sources of Tractor Shovel Innovation

As can clearly be seen in Table 3—4, almost all of the innovations studied were
developed by tractor shovel manufacturers. In two instances these innovating
manufacturers were what is known in the trade as allied manufacturers or
allied vendors. These are firms that make a specialty of manufacturing attach-
ments for tractor shovels and similar machines. Sometimes they are simply
equipment dealers who run a small manufacturing operation on the side.
(Tractor shovel manufacturers will often cooperate with such firms because
the accessories they build enhance the utility of the basic tractor shovel by
tailoring it to various specialized users.)

Only one innovation studied was completely developed by a user: the at-
tachment coupler system, which was developed by a farmer for use on his
farm. But users did some innovation work related to some of the other special
attachments studied (see the appendix). For example, before steel-shod tires
were developed by a manufacturer (they are used to protect tractor shovel
tires from cuts), some tractor shovel users were protecting the tires of their
machines by wrapping them with heavy steel chains.

Manufacturers as Innovators: Engineering Thermoplastics

Engineering plastics are triumphs of organic chemistry and most were created
after World War II. The term engineering plastic simply means a plastic that
can be used in demanding engineering applications. Examples of such applica-
tions are parts placed under mechanical stress or mechanical shock (e.g.,
gears or mallet heads) or parts placed in demanding temperatures and/or
chemical environments (e.g., parts used in automobile engines). Prior to the
advent of engineering plastics, such parts could only have been made of a
material like metal or glass. Now they can often be made better and more
cheaply from plastic.

All engineering plastics are produced in low volume but with a relatively high
selling price when judged against such bulk plastics as polyethylene. In 1976
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TaBLE 3-5: Engineering Thermoplastics Sample

U.S. Consumption for Structural Uses®

Innovation (Trade Name) Millions of Pounds Millions of Dollars
Polycarbonate (Lexan) 150 143
Acetal homopolymer (Delrin) 20 15
Acetal copolymer (Celcon) 60 47
Polysuifone 12 22
Modified polyphenylene oxide (Noryl) 9 90

21976 data (James A. Rauch, ed., The Kline Guide to the Plastics Industry [Fairfield, N.J.: Charles H. Kline,
1978], 55-58 and Table 3-11).

engineering plastics counted for about 2% by volume of all plastics produced
but accounted for about 6% of the total value of all plastics produced.>

The Sample

The sample of engineering plastics innovations consists of all commercially
successful engineering thermoplastic monomers* introduced to the market
after 1955 that achieved sales of at least 10 million Ibs annually by 1975. (This
definition of commercial success was suggested by plastics manufacturer
interviewees.) The five engineering thermoplastics innovations that met these
sample selection criteria are identified in Table 3-5.

Findings: The Sources of Engineering Thermoplastics Innovation

As can be seen in Table 3-6, “four and one-half” of the five engineering
plastics in the sample were developed by plastics manufacturers. Thus, this
very small sample shows a strong manufacturer-as-innovator pattern.

The innovation coded as 50% user developed and 50% manufacturer devel-
oped was polycarbonate resin (Lexan), which was developed by General
Electric in 1960. GE is both a major producer and a major user of polycarbon-
ate. In the period immediately following commercialization when production
capacity was low relative to that of today, GE personnel estimate that as much
as 50% of GE polycarbonate production was consumed internally. Currently,
GE consumes only a small percentage of annual polycarbonate production.
(See the appendix for further details.)

Happily, cases such as GE, where a single firm holds more than one func-
tional role with respect to an innovation, are very rare in our samples. When

*Engineering plastics are characterized as thermoset or thermoplastic resins, with thermoplas-
tics being more commonly used. The two types of plastics are distinguished by the way in which
they cure into usable plastic parts. Thermoset plastic forms molecular bonds when molded under
high temperature and pressure, and the process is irreversible. Thermoplastics, in contrast,
simply “freeze” into a shape on cooling, a process that can be reversed by the simple application
of sufficient heat. Monomers are the basic molecular building blocks of plastics.
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TaBLE 3-6. Sources of Engineering Thermoplastics Innovations

Innovation Developed by

Innovation Type % Manufacturer Manufacturer User NA Total

Engineering plastics 90% 4.5 0.5 0 5

dual or multiple roles are held by the same innovating firm or individual,
severe coding problems emerge. Often, one cannot determine which role the
innovator was “really” motivated by during the development work.

Manufacturers as Innovators: Plastics Additives

Plastics additives are used to modify the properties of a basic polymer in
desired ways. An enormous number of additives exist, and they are generally
categorized according to the function they perform. Thus, there are coloring
agents, flame retardants, fungicides, filling materials, reinforcing materials,
and so on. Each of these categories contains a number of materials of varying
properties to serve the specified function.

I decided to examine the sources of innovation in two categories of plastics
additives: plasticizers and ultraviolet (UV) stabilizers. These two additive
types address markets of very different size. (In 1983 more than 600,000
metric tons of plasticizers of all types were sold.¢ In that same year, approxi-
mately 2300 metric tons of UV stabilizers of all types were sold.” I do not have
data on dollar volumes in these two categories: Ultraviolet stabilizer prices
are typically somewhat higher than plasticizer prices, however.)

Plasticizers are materials that are incorporated into plastics to improve
properties such as workability and flexibility. Without plasticizers, plastics
such as polyvinyl chloride (PVC) would be hard and brittle. Ultraviolet stabi-
lizers are added to plastics to protect them from the effect of ultraviolet light
such as that present in sunlight. Without such protection, susceptible plastics
would quickly discolor, become brittle, or show other undesirable changes.

The Sample

The sample of plasticizer and ultraviolet stabilizer innovations included all
commercialized compounds that met four criteria. First, the additive was
appropriate for use with at least one of the four largest plastics in commercial
use: polyethylene, polyvinyl chloride, polystyrene, and polypropylene. Sec-
ond, the additive must have been first commercialized after the World War
II—a requirement added under the assumption that data on more recent
innovations would be of high quality. Third, the additive must have been
commercially successful, that is, it had to have been sold on the open market
and regarded as a successful product by expert interviewees in the additives
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TaBLE 3-7. Sample of Plastics Additives Innovations

Plasticizers

Butyl benzyl phthalate Tri melitates
2 ethyl hexy! di phenyl phosphate Tri isopropyl phenyl phosphates
Citroflex type Epoxidized soybean oils
Di N undecyl phthalate Long chain aliphatic polyesters
Ultraviolet (UV) stablizers
2:4 dihydroxy benzophenone 2:4 di t butyl phenyl 3:5 di t butyl phenyl
Ethyl-2-cyano 3:3 diphenylacrylate 4 hydroxy benzoates
2 hydroxy 4 dodecyloxy benzophenone Zinc oxide and zinc diethyl dithio carbamates
Nickel complexes Benzotriozoles

P methoxy benzylidene malonic acid
dimethyl esters

industry. Fourth, the additive was included only if it represented an improve-
ment over previously commercialized additives on a property of importance
to users other than cost, for example, decreased toxicity or increased ease of
use.

The sample of plasticizers and ultraviolet stabilizers selected as meeting
these criteria is identified in Table 3-7.

Findings: The Sources of Plastics Additives Innovation

As can be seen in Table 3-8, more than 90% of the plastics additives innova-
tions studied were developed by firms that manufactured them. (Interest-
ingly, two UV stabilizer innovations coded as manufacturer developed
showed a pattern I had not found before: A single manufacturer did not
develop the innovation on its own. Instead, an association of manufacturers
funded the required R & D work at a private research firm.)

Suppliers as Innovators

Up to this point in the research on the functional sources of innovation, my
students and I had conducted six studies in total and had only observed
innovation by users and/or manufacturers. But experience gained in these
studies was leading me to speculate as to the cause of the striking variations in
the functional source of innovation that we had been observing.

I will discuss this matter in the next chapter. For present purposes, how-
ever, let me just say my speculation was that innovation appeared to be
“caused” by potential innovators’ relative preinnovation expectations of
innovation-related benefit. And, therefore, it seemed to me that innovation in
any number of functional loci should exist, given only the proper level and
distribution of benefit expectations.

So, Pieter VanderWerf (Ph.D. candidate) and I set out deliberately to find
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TaBLE 3—-8. Sources of Plastics Additives Innovations

Innovation Developed by

Additive Type ~ %oManufacturer ~ User  Manufacturer ~ Supplier NA  Total

Plasticizers 100% 0 5 0 3 8
UV stabilizers 86 i __(3_ 2 _}_ i
TOTAL 92 1 11 0 4 16

innovation in a third functional locus, suppliers. (Suppliers are firms or indi-
viduals whose relationship to an innovation is that of supplying components or
materials required in the innovation’s manufacture or use.) It seemed reason-
able in a rough way that suppliers might develop an innovation that they did
not expect to use or sell if that innovation would result in a large increase in
demand for something they did want to sell. (Thus, gas utilities might develop
novel gas appliances and give the designs away to appliance manufacturers,
hoping to capture rents from increased gas sales, rather than from making or
using the innovative appliance itself.) Based on this logic, we looked for
innovation categories that might contain supplier innovation by looking for
processes using a great deal of relatively expensive material or components as
an input.

Three categories of innovation seemed likely candidates for supplier innova-
tion on the basis of a preliminary inspection, and VanderWerf examined all of
them. As the reader will see, all three showed supplier innovation as the
hypothesis would predict.

Supplier/Manufacturers as Innovators:
Wire Termination Equipment

In a first study, VanderWerf® explored the source of innovations in process
machines used in electrical wire and cable termination. The idea leading to
this focus was simply that many connector designs are unique to particular
connector suppliers. Thus, connector suppliers might have a strong incentive
to develop machines that would make it more economical for users to apply
their products.

Two types of wire termination machines were examined: those that simply
cut a wire to length and strip the insulation from its ends; those that cut the
wire and attach some sort of connector to one or both ends. Machines used for
these purposes range from simple and inexpensive hand tools to complex
machines costing as much as $100,000.

Some firms that manufacture wire and cable preparation process machines
are equipment manufacturers only. Others manufacture equipment and the
electrical terminal or connector supply items that the machinery applies to
electrical wires. These latter firms have both a manufacturer and a supplier
relationship to the process machinery innovations selected for study.
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TaBLE 3-9. VanderWerf Sample of Innovations
in Wire Termination Equipment?

Wire type: Single-insulated (hookup) wire
Equipment function: Cutting and stripping
INNOVATIONS
Automatic cut-and-strip machine
Linear feed cut-and-strip machine
Equipment function: Nickless stripping
INNOVATIONS
Thermal stripper
Die-type hand stripper
Semiautomatic die-type stripper
Equipment function: Attachment of terminals
INNOVATIONS
Automatic lead-making machine
Power crimp bench press
Strip-fed crimp press

Wire type: Bundled single-insulated wires

Equipment function: Wire stripping
INNOVATIONS
Rotary stripper

Equipment function: Attachment of terminals
INNOVATIONS
Stripper-crimper
Heat shrink-sleeve assembly racks

(for soldered connectors)

Crimp connector assembly machine
Semiautomatic insulation-displacement terminator
Automatic insulation-displacement harness maker

Wire type: Ribbon cable

Equipment function: Cutting and stripping
INNOVATIONS
Automatic ribbon cable cutter
Automatic ribbon cable cut-and-strip machine

Equipment function: Connector attachment
"INNOVATIONS
Pneumatic ribbon cable press
Semiautomatic ribbon cable terminator
Automatic ribbon cable harness maker

Wire type: Flat conductor cable
Equipment function: Attachment of cable terminals
INNOVATIONS
Crimp stitcher

*VanderWerf, “Parts Suppliers as Innovators in Wire Termination Equip-

ment.”

The Sample

37

Different types of wire termination machines are needed to process different
types of wire. VanderWerf focused on the machines used to prepare four
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TaBLE 3-10. Sources of Innovation in Wire Termination Equipment?

Innovation Developed by

Sup- Manu-
Innovation Type % Supplier pliert User  facturer NA TOTAL
Machines that do 0% 0 1.5¢ 4.5¢ 2 8
not attach termi-
nals or connectors
Machines that do at- 83 10 0.5¢ 1.5¢ 0 12
tach terminals or
connectors L . .
TOTAL 56 10 2 6 2 20

aVanderWerf, “Parts Suppliers as Innovators in Wire Termination Equipment.”

®Innovating suppliers were found among connector manufacturers only, not wire manufacturers, except in the
case of ribbon cable innovators when both connectors and cable were supplied by innovating firms.

“One innovation in this category was developed jointly by a user and a manufacturer, and attributed 50% to
each.

types of wire frequently used in electronics equipment: single-strand hookup
wire, multiwire round cable, ribbon cable, and flat conductor cable. He then
identified an innovation sample that consisted of the first special-purpose
equipment used to cut and strip and/or attach connectors to each type of wire
as well as the major improvements to this equipment commercialized over the
years.? This sample is shown in Table 3-9.

Findings

There are firms that specialize in manufacturing wire termination machinery.
And, as can be seen from Table 3-10, VanderWerf found that these machine
builders were the developers of almost all process machine innovations that
did not involve attaching a connector to a wire.

In sharp contrast, almost all of the innovative machines that did attach
connectors as part of their function were not developed by these machinery
specialists. Rather, they were developed (and manufactured) by the major .
connector suppliers. We will be able to suggest an explanation for this interest-
ing contrast later when we consider the causes of the variations we have
observed in the functional sources of innovation.

Suppliers as Innovators: Process Equipmeht
Utilizing Industrial Gases and Thermoplastics

In a second study VanderWerf!? examined two additional types of process
machinery for evidence of supplier innovation: (1) process machinery that
used a large amount of an industrial gas such as oxygen or nitrogen as an input
and (2) process machinery that used a large amount of thermoplastic resin as
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TaBLE 3—-11. Sample of Industrial Gas-using Innovations?

Basic innovation Related major improvement

Basic oxygen process Mixed gas blowing

Detonation gun coating Electrical sequencing

Nitrogen heat treating Oxygen probe control

Cryogenic food freezing Conveyorized freezer

Pyrogenic oxidation Direct digital control

Argon-oxygen decarburization Argon-oxygen nitrogen decarburization

2VanderWerf, “Explaining the Occurrence of Industrial Process Innovation by Materials Suppliers.” Table 5-
4, p. 46.

an input. In each of these areas, it seemed reasonable on economic grounds
that materials suppliers might develop innovative process machines they did
not want to manufacture or use, instead, hoping to capture rents from sales of
materials used in the process.

The Samples

For each of the two process areas he would study, VanderWerf chose a
sample design consisting of a number of innovation pairs: a major process
innovation and a related important improvement. He chose his sample of
industrial gas—using process innovations by, first, identifying the 6 industrial
gases with the highest U.S. production volume in 1978. Next, he asked ex-
perts to identify the single process innovation introduced after World War I1
that now used the highest volume of each of these 6 industrial gases. (The
sample was restricted to post-World War II innovations so that one could
collect innovation history data from individuals with a firsthand knowledge of
innovation events.) Finally, the single most important improvement to each of
these 6 “basic” innovations was also identified by discussions with experts.
These were included in the sample as related major improvements. The 12
innovations identified in this way are shown in Table 3—11.

VanderWerf chose a sample of 7 pairs of thermoplastics-using process inno-
vations by a similar procedure. First, the 6 thermoplastics with the greatest
U.S. production volumes at the time of the study were identified. Then, the
major forming processes used with each as reported by Modern Plastics in
1983 were examined, and 7 were found to have been developed post-World
War II. These 7 basic innovations were included in the sample. Finally, ex-
perts were asked to identify the single most important improvement that had
been developed for each innovation up to the present day, and these were
included in the sample as related major improvement innovations. These 14
innovations are shown in Table 3-12.

Findings

Careful study showed that supplier innovation did indeed exist. As can be
seen in Table 3-13, about one third of both innovation samples had been
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TaBLE 3-12. Sample of Thermoplastic-using Innovations?

Basic innovation Related major improvement
Slush molding Water bath gelling
Rotational molding Three-arm RM machine
Direct foam extrusion Tandem screw extruder
Foam casting Continuous belt casting
Bead expansion molding Automatic molding press
Foam closed molding Cold mold process
Reaction-injection molding Self-clearing RIM head

aVanderWerf, “Explaining the Occurrence of Industrial Process Innovation by Materials Suppliers,” Table 5—
2,p. 4.

developed by materials suppliers. These firms had only a materials-supply link
to these process innovations: They did not themselves either manufacture or
use the machinery they had developed.

Additional Evidence on Nonmanufacturer Innovation

The six studies I have just reviewed will be useful when we attempt to
understand the causes of variations in the functional sources of innovation,
because they have determined the proportion of innovations that fall into
various loci. Other studies exist, however, to support the fact of
nonmanufacturer innovation.

Corey!! provides several case histories of important materials-using innova-
tions developed by materials suppliers. Cases of supplier innovation Corey
explores range from the development of vinyl floor tile to the development of
fiber-reinforced plastic water piping.

Recently, Shaw!? examined the role of the user in the development of 34
medical equipment innovations commercialized by British firms. He found
that 53% of these were initially developed and proven in use by users. He also
found users often aided manufacturers wishing to commercialize their innova-
tions in this field, sometimes helping to design, test, and even market the
commercial version.

TaBLE 3-13. Sources of Materials-utilizing Process Innovations?

Innovation Developed by

Material Type ~ %Supplier  Supplier ~ User  Manufacturer ~ Other  Total

Industrial gas 33% 4 5 2 1 12
Thermoplastic 36 S _6 2 1 14
TOTAL 35 9 11 4 2 26

2Vanderwerf, “Explaining the Occurrence of Industrial Process Innovation by Materials Suppliers,” Tables §—
1,p. 57, and 8-2, p. 58.
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Everett M. Rogers and his colleagues explored the diffusion of several
innovations used in the public sector and observed that the version initially
diffused was often modified by its users. In a study of 10 Dial-a-Ride opera-
tions (Dial-a-Ride is a form of shared taxi service), Rice and Rogers!3 report
77 modifications to the original concept in management, technology, or opera-
tion (service provided) by adopting users. A similar pattern of user modifica-
tions was found by Rogers, Eveland, and Klepper!* in a study of the diffusion
and adoption of GBF/DIME—an information-processing tool developed by
the U.S. Census Bureau—among regional and local governments.
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The Functional Source of Innovation as an
Economic Phenomenon

We have now seen that striking variations do exist in the functional sources of
innovation. Next, we must understand the causes of such variations. Success
at this task will allow us to convert the functional source of innovation vari-
able from a “mere” phenomenon into a powerful tool that can be used to
explore and manage the innovation process.

I begin this chapter by proposing an economic explanation for variation in
the functional source of innovation. Next, I propose two preconditions that
must exist in the real world if this hypothesis is to be tenable. A review of the
available evidence suggests that the needed preconditions do commonly exist,
and this opens the way to a test of the hypothesis in chapter 5.

The Hypothesis

Variation in the functional source of innovation may have many contributing
causes. However, we need not necessarily explore all of these to gain a useful
ability to predict such variation. I propose that a straightforward economic
model will allow us to predict that source “usefully often.”

Schumpeter! argued that those who succeed at innovating are rewarded by
having temporary monopoly control over what they have created. This con-
trol, in turn, is the lever that allows innovators to gain an enhanced position in
the market and related temporary profits or “economic rents” from their
innovations.

Suppose that every firm was aware of the opportunity to develop each of the
innovations that I studied in chapters 2 and 3. And suppose every firm analyzed
each of these opportunities and said, in effect, “If I respond to this opportunity
and develop an innovation, I may expect a rent of x amount over y years.” Then
~ my hypothesis, a familiar one to economists, is simply that innovating firms will
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TABLE4-1. Summary of Functional Source of Innovation Data

Innovation Developed by

Innovation Type NA®  Total
Sampled User Manufacturer  Supplier  Other (n) (n)
Scientific instruments 77% 23% 0% 0% 17 111
Semiconductor and printed

circuit board process - 67 21 0 12 6 49
Pultrusion process 90 10 0 0 0 10
Tractor shovel-related 6 94 0 0 0 11
Engineering plastics 10 90 0 0 0 5
Plastics additives 8 92 0 0 4 16
Industrial gas—using 42 17 - 33 8 0 12
Thermoplastics—using 43 14 36 7 0 14
Wire termination equipment 11 33 56 0 2 20

ANA = number of cases for which data item coded in this table is not available. (NA cases exluded from
calculations of percentages in table.)

be found among those whose analyses lead them to expect a rent they con-
sider attractive. :

This hypothesis will allow us to predict the functional source of innovation
only if all or most firms expecting an attractive rent from a given innovation
opportunity are of one functional type. There are reasons for supposing that
this may often be the case, but let me defer discussion until the end of chapter
5 when we will have seen more data. At the moment, I will simply point out
that a summary of the empirical evidence we have collected on the functional
source of innovation (Table 4-1) does show that innovations of a specific type
are often developed by a single functional type of firm.

Necessary Preconditions

An ability to predict the functional sources of innovation on the basis of firms’
preinnovation expectations of rents requires that correlations exist between
such expectations and the functional role of innovating firms. More specifi-
cally, two conditions must hold:

1. It must be difficult (expensive) for innovators to adopt new functional
relationships to their innovations.

2. Innovators must have a poor ability to capture rent by licensing their
innovation-related knowledge to others.

In the remainder of this chapter I will explain the necessity for each condi-
tion and consider whether each is likely to be commonly present in the real
world. Significant empirical data on this matter only exist in the instance of
the second condition. However, indirect proof that both conditions at least
sometimes hold in the real world is provided in chapter 5 in the form of tests
of the hypothesis itself.
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Condition 1: Difficulty of Switching Functional Roles

The first condition states that one can only expect to predict the functional
source of innovation on the basis of related variations in expected rents if
firms do not frequently switch or adopt new functional roles. If role switching
were frequent or inexpensively accomplished, innovators might switch to the
functional role that offered them the best innovation-related return. And,
under such conditions, we would only be able to predict the functional locus
of innovation in a weak sense, that is, “the developer of x innovation will
become a user” rather than able to make the stronger statement that “the
developer of x innovation will be a firm or individual that currently is a
member of the user community.”

I have no hard data on the general frequency of functional role switching in
the U.S. economy. However, I have two reasons for thinking that it is not
common. First, as can be seen in the case data contained in the appendix, role
switching occurred in only a few instances in the samples we examined. (Typi-
cally, in those instances a user firm employee would spin off to form a new
equipment manufacturing company based on a user innovation.) Second, the
switching of functional roles appears to be often both difficult and expensive.

Consider, as an example, the barriers that face a firm that is a member of an
industry characterized by a given functional relationship to an innovation
(e.g., an industry using semiconductor process equipment to make semicon-
ductors) and that wishes to join an industry characterized by another func-
tional relationship to that innovation (e.g., the industry manufacturing semi-
conductor process equipment). These two types of firms are in very different
businesses. Each has a great deal of know-how, organizational arrangements,
and capital equipment that is quite specialized to build its existing products
and to serve its existing customer base. Thus, the semiconductor manufac-
turer has a sales force that specializes in serving semiconductor buyers. This
force would be entirely inappropriate for selling semiconductor process equip-
ment: The customers are different; the sales techniques are different (samples
of semiconductor devices can be given out as a selling technique but not
samples of semiconductor process equipment); and the specialized knowledge
the salesman must have is completely different (a salesman with an electrical
engineering background can help customers with problems in selecting and
using semiconductor devices whereas a background in solid-state physics
would be considerably more appropriate for a salesman trying to sell the
semiconductor process equipment used to grow the ultrapure single silicon
crystals used in semiconductor device manufacture).

If the sales, organizational, and production infrastructure that a company
uses to serve one functional role relationship to a given innovation cannot
effectively be used in the service of a different functional relationship, then it
follows that a firm wishing to change such relationships must also set up a new
infrastructure appropriate to this new role. Further, since the costs of the
infrastructures of competitors already having the role relationships the innova-
tor wishes to acquire are typically allocated across many products (e.g., a line
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of process equipment or a line of semiconductor devices), the would-be new
entrant must develop, adopt, or buy a similar line of product to sell if he
wishes to be economically competitive. All these requirements, I suggest, can
indeed represent significant barriers to the switching of functional roles, al-
though the height of the barriers will, of course, differ from case to case.

Condition 2: Inability to Capture Rent
by Licensing Innovation-Related Knowledge

The second condition that must be in place if the hypothesis is to be useful is
that innovators must have a poor ability to capture rent by licensing their
innovation-related knowledge to others. The reasoning behind this require-
ment starts with the observation that, barring special situations such as when
prizes are awarded for successful innovation, an innovator has only two routes
toward capturing rents from an innovation: (1) exploiting the innovation him-
self while preventing others from doing so; (2) licensing others to use his
innovation-related knowledge for a fee.

From the innovator’s point of view, it probably does not matter much which
of these courses he chooses: Whichever promises the most rent will do. But
from our point of view, it matters a great deal. Indeed, the hypothesis must
fail if innovators can capture rents efficiently through licensing because it
contains the implicit assumption that innovators in different loci have signifi-
cantly different abilities to capture rent from a given innovation. An ability to
license efficiently, however, allows an innovator in any functional locus to (in
a sense) tax licensees in different functional loci according to their differing
abilities to benefit, thus diminishing this crucial difference.

We can see the problem clearly by means of an extreme example. Suppose
that an innovator had a perfect ability to license his innovation-related knowl-
edge without risk or cost. Under these conditions an innovator could license
users, manufacturers, or others as he wished. He could set the fee he charged
to each innovation beneficiary and each class of beneficiaries so as to maxi-
mize his return. Therefore—and this is the crucial point—the functional role
that the innovator himself happened to play with regard to the innovation—
user, manufacturer, or other—would not influence his expectations of rent
because he would be equally able to capture innovation returns from his own
company or other companies.

If an innovator is to expect to capture rents from licensing efficiently, he
must be able to achieve two things. First, he must have some form of property
rights in his innovation-related knowledge that can be used to protect a li-
censee against those who would want to use the licensed knowledge without
paying. Second, he must expect to be able to license others and obtain rent
from them at a low risk and cost. In the remainder of this chapter I will focus
on the first of these two matters only because an inability to achieve the first
makes the second irrelevant. However, when rights to an innovation can be
protected, then efficiency in licensing becomes very interesting indeed. Since
licensing to oneself is costless, any costs or risks incurred in licensing to others
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will create a preference for in-house use of an innovation and tend to favor
those potential innovators who have the largest in-house use for it. (I will
return to this matter in chapter 5 when considering the case of engineering
plastics innovations. )

Licensing conveys an innovator’s rights to innovation-related nonembodied
knowledge to another. (Nonembodied knowledge is “pure” knowledge, not
incorporated or embodied in physical property such as a product or a process
machine.) Currently, only two mechanisms exist in the United States that
potentially give an innovator property rights in the nonembodied knowledge
he may develop, rights that he may then choose to transfer to another by
means of licensing. First, patent law gives an innovator property rights in
publicly known information that he has published in his patent. Second, trade
secret legislation allows an innovator to license secret knowledge to a user(s)
and put the recipient under the legal duty of maintaining the secrecy of that
information so that it will not become a free good on the marketplace.

A useful amount of data exists on the real-world effectiveness of these two
mechanisms, and I will review it in the remainder of this chapter. If we find
that both mechanisms are generally ineffective at protecting innovators’ rights
to nonembodied knowledge, then the preconditions for licensing that knowl-
edge effectively do not exist and I will have shown that the second condition
required for my hypothesis to be useful does often exist in the real world.

Patents and Licensing

A patent grants an inventor the right to exclude others from use of his inven-
tion for a limited period. In return for the right to exclude not only those who
copy the invention but also those who independently discover the same thing,
the inventor must disclose the invention to the public at the time of the
patent’s issue. This disclosure, contained in the patent itself, must be suffi-
ciently detailed so that those “ordinarily skilled in the art” may copy and
utilize the invention after the patent’s expiration. While the patent is in force,
however, the inventor is given the right to control the use of “his” knowledge.

The real-world value of patent protection to innovators is a much-examined
question. A series of studies conducted by several authors over a span of nearly
30 years (1957 to 1984) have asked whether inventors find patents useful for
excluding imitators and/or capturing royalty income. The answer uniformly
found: The patent grant is not useful for either purpose in most industries. In
the next few pages I will briefly review the several studies that came to this
conclusion. Then [ will explain some of the mechanics of the patent grant and its
enforcement that lie at the root of its general ineffectiveness.

Levin et al.2 conducted a survey of 650 R & D executives in 130 different
industries. Several of the questions explored opinions regarding the effective-
ness of patents as a means of capturing and protecting the competitive advan-
tages of new and improved production processes and products. The results
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were that all except respondents from the chemical and pharmaceutical indus-
tries judged patents to be “relatively ineffective.”’

Taylor and Silberston* examined the impact of British and foreign patents
in a very rich study of 44 British and multinational firms. These firms were
selected from five broad classes of industrial activity: chemicals (including
‘pharmaceuticals and petrochemicals), oil refining, electrical engineering (in-
cluding electronics), mechanical engineering, and man-made fibers.>

The upper bound of rents innovators obtain from licensing their patented
knowledge can be approximately represented by licensing fees and/or other
considerations received, minus patenting and licensing costs incurred by the
innovating firm. Taylor and Silberston present such data (Table 4-2) for 30
firms and find these gained little benefit from licensing.

Wilson¢ also studied benefits that corporations reap from licensing their
patents. He explored data on royalty payments submitted by some U.S. corpo-
rations to the U.S. Securities and Exchange Commission (SEC) in 1971 on
Form 10K.” Wilson’s data for the SIC categories he studied that are most
similar to the industrial activity classes examined by Taylor and Silberston are
compared in Table 4-3. Here too, corporate returns from licensing appear
generally low.8

The low returns from licensing patented knowledge found by Taylor and
Silberston and by Wilson could be caused by weakness in patent protection or
have some other cause. A second type of finding, however, suggests that,
whatever the cause, protection afforded by the patent system is in fact gener-
ally weak and that innovators in most fields probably could not expect to
benefit from licensing their patented knowledge even if they wanted to.

Taylor and Silberston reasoned that, if the patent system does in fact help
innovators protect and benefit from their innovations, the presence of patent
protection should increase innovators’ willingness to invest in R & D. There-
fore they asked the companies in their sample: “Approximately what propor-
tion of your R & D in recent years would not have been carried out if you had
not been able to patent any resulting discoveries?””® The data derived from
this question are shown in Table 4—4. Note that 24 of the 32 returns indicate
that only 5% or less of recent R & D expenditures would not have been
undertaken if patent protection had not been available.® This suggests that
the patent system is not seen by innovators as very effective in general and, by
implication, that it is not seen as effective in protecting innovators’ rights to
knowledge they might wish to license.

A study by Scherer et al.!! shows a similar result. Only 8 of 37 respondents
(“executives responsible for technical change”) reported that patents were
“very important” to their companies. Fourteen reported that patents had
“some importance,” and 15 said they were “not very important” to their
firms.1? This result is especially interesting because Scherer selected his sam-
ple only from the firms that presumably valued patents most highly—those
that held a large number of patents.1? ‘

In sum, empirical data seem to suggest that the patent grant has little value
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TABLE 4-4. Estimated Proportions of R & D Expenditure Dependent on Patent
Protection: Twenty-seven Respondent Firms

Estimate of R & D affected®

None or Sub-
Negligible ~ Very little stantial
(number of  (less than Some (over Total
ndustry returns) 5%) (5-20%)  20%)  Returns
Chemicals
Finished and speciality 1 2 1 4 8
Basic 1 2 1 0 4
TOTAL CHEMICALS 2 4 2 4 12
Mechanical engineering 7 1 -0 2 10
Man-made fibers 1 1 0 0 2
Electrical engineering 7 1 0 0 8
TOTAL 17 7 2 6 32b
Percentage of returns 53% 22% 6% 19% 100%

Source: From The Economic Impact of the Patent System: A Study of the British Experience by C. T. Taylor and
Z. A. Silberston. Copyright © 1973 Cambridge University Press. Reprinted with permission. Table 9.1, p. 197.

#Percentages refer to the estimated reduction in annual R & D expenditure in recent years that would have
been experienced had patent monopolies not been available.

bSome companies made returns for more than one activity.

to innovators in most fields. Are these data congruent with tests of reason?
Let us explore.

First, does it make economic sense that firms would take out patents if
these do not, on average, yield much economic benefit? The answer is yes,
because the cost of applying for patents is also low. The cost of the average
~ patent application prosecuted by a corporation is on the order of $5000 to-
day.'* Even this small cost is often not very visible to corporate personnel
deciding whether to pursue a patent application because it is typically sub-
sumed within the overall cost of operating a corporate patent department.

Second, what do we know about the nature of the patent grant and of the
real-world workings of the patent office and the courts? And, is it reasonable
in the light of what is known to conclude that the patent grant is likely to offer
little benefit to its holder? Consider the following points:

1. Apatent, if valid, gives a patentee the right to exclude others from using his
invention, but it does not give him the right to use it himself if such a use
would infringe the patents of others. For example, Fairchild Semiconductor
has a patent on the so-called planar process, an important process invention
used in the manufacture of integrated circuits. If firm B invents and patents
an improvement on that process, it may not use its improvement invention
without licensing the planar process from Fairchild and in turn that firm
may not use the improvement either without licensing it from firm B. Thus,
in rapidly developing technologies where many patents have been issued
and have not yet expired, it is likely that any new patent cannot be exercised
without infringing the claims of numerous other extant patents. Given this
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eventuality, the benefit of a particular patent to an inventor would very
probably be diminished because the patentee might be prevented from
using his own invention or might be forced to cross-license competitors
holding related patents in order to practice his invention.

2. The patent system places the burden on the patentee of detecting an
infringer and suing for redress. Such suits are notoriously long and expen-
sive, and both defendants and plaintiffs tend to avoid them assiduously.
For the defendant the best outcome in recompense for all his time and
expense is judicial sanction to continue his alleged infringement, whereas
the worst outcome would involve the payment of possibly considerable
penalties. For the plaintiff the likelihood that a court will hold a patent
valid and infringed—as opposed to invalid and/or not infringed—is on the
order of one to three.? If a patentee has licensees already signed up for a
patent at issue, he has a high incentive to avoid litigation: If he loses—and
the odds are that he will—he loses payments from all licensees, not just
the potential payments from the particular infringer sued.

3. The patent grant covers a particular means of achieving a given end but
not the end itself, even if the end and perhaps the market it identifies are
also novel. A would-be imitator can invent around a patent if he can
invent a means not specified in the original inventor’s patent. In the
instance of the Polaroid and xerography processes (and a few other nota-
ble cases), determined competitors could not in fact invent around the
means patented by the inventor. In most instances and most fields, how-
ever, inventing around is relatively easy because there are many known
means by which one might achieve an effect equivalent to the patented
one, given the incentive to do so. Where inventing around is possible, the
practical effect is to make the upper bound value of an inventor’s patent
grant equal to the estimated cost to a potential licensee of such inventing
around.

Taken in combination, the observations presented above provide a very
reasonable explanation for the typical ineffectiveness of the patent grant.
However, the data given in Tables 4-2 and 4-3 show clearly that patents are
more effective in some fields than in others. This is because the factors men-
tioned above are more salient in some fields than others, as the following two
examples illustrate. First, I will spell out the situation in semiconductors
where the patent grant is quite ineffective, and then I will describe the situa-
tion in pharmaceuticals where patents have historically been quite effective.

The semiconductor field is a very fast-moving one that contains many unex-
pired patents with closely related subject matter and claims. The possible
consequence—confirmed as actual by corporate patent attorneys for several
U.S. semiconductor firms whom I interviewed—is that many patentees are
unable to use their own inventions without the likelihood of infringing the
patents of others.

Since patents challenged in court are unlikely to be held valid, the result of
the high likelihood of infringement accompanying use of one’s own patented—
or unpatented—technology is not paralysis of the field. Rather, firms in most
instances simply ignore the possibility that their activities might be infringing
the patents of others. The result is what Taylor and Silberston’s interviewees in
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the electronic components field termed “a jungle” and what one of my
interviewees termed a “Mexican standoff.”

Firm A’s corporate patent department will wait to be notified by attorneys
from firm B that it is suspected that A’s activities are infringing B’s patents.
Because possibly germane patents and their associated claims are so numer-
ous, it is in practice usually impossible for firm A—or firm B—to evaluate
firm B’s claims on their merits. Firm A therefore responds—and this is the
true defensive value of patents in the industry—by sending firm B copies of “a
pound or two” of its possible germane patents with the suggestion that, al-
though it is quite sure it is not infringing B, its examination shows that B is in
fact probably infringing A. The usual result is cross-licensing, with a modest
fee possibly being paid by one side or the other. Who pays, it is important to
note, is determined at least as much by the contenders’ relative willingness to
pay to avoid the expense and bother of a court fight as it is by the merits of the
particular case.

Thus in the semiconductor field—except for a very few patent packages that
have been litigated, that have been held valid, and that most firms license
without protest—the patent grant is worth very little to inventors who obtain
it. Indeed, the one value noted to me—defense against the infringement suits
of others—suggests that perhaps the true net value of the patent system to
firms in the semiconductor industry is negative because it requires all to
assume the overhead burden of defensive patenting.

In sharp contrast to the situation pertaining in most other industries and the
electronics field in particular, the patent grant often confers significant benefit
to innovators in the pharmaceutical field. My discussions with patent attor-
neys working for pharmaceutical firms brought out two likely reasons for this
situation. First, unusually strong patents are obtainable in the chemical field,
of which pharmaceuticals is a part. Second, it is often difficult to invent
around a pharmaceutical patent.

Pharmaceutical patents can be unusually strong because one may patent an
actual molecule found to have useful medical properties and its analogs. One
need not make each analog claimed but can simply refer to lists of recognized
functional equivalents for each component of the molecule at issue. For exam-
ple, if a molecule has 10 important component parts, one patent application
might claim x plus 10 recognized functional equivalents of x for each part.
Obviously, by this means an inventor may claim millions of specific molecules
without actually having to synthesize more than a few. Furthermore, demon-
stration that any of the analogs so claimed does not display the medical
properties claimed does not invalidate the patent.

Many pharmaceutical patents are difficult to invent around today because
the mechanisms by which pharmaceuticals achieve their medical effects are
often not well understood. When this is so, potential imitators cannot gain
much helpful insight from examining a competitor’s patented product. (Inter-
estingly, as biochemists’ understanding of the biological basis of the effects
achieved by pharmaceuticals improves, one side effect may be to weaken the
protection the patent grant affords to inventors of pharmaceuticals.)
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Trade Secrets and Licensing

Trade secrets, like patents, can be used as a basis for licensing nonembodied
innovation knowledge. A trade secret, also sometimes called know-how, is
typically knowledge that can be kept secret even after development is com-
pleted and commercial exploitation begun. Trade secret legislation allows one
who possesses a trade secret to keep the information entirely secret or to
make legally binding contracts with others in which the know-how is revealed
in exchange for a fee or other consideration and a commitment to keep the
information secret. The possessor of a trade secret has an indefinite period of
exclusive use of his invention or discovery. He may take legal steps to prevent
its use by others if he can show that those others have discovered the secret
through unfair and dishonest means such as theft or breach of a contract
promising to keep it secret.

A legally protectable monopoly of indefinite duration would appear to
make trade secrecy a very attractive mechanism for capturing rents from
innovation. It is, however, an option only for innovations that can in fact be
kept secret: The holder of a trade secret cannot exclude anyone who indepen-
dently discovers it or who legally acquires the secret by such means as acciden-
tal disclosure or reverse engineering. In practice, trade secrets have proven to
be effective only with regard to (1) product innovations that incorporate
various technological barriers to analysis or (2) process innovations that can
be hidden from public view.

There are, in the first instance, certain innovations embodied in products
that, while sold in the open market and thus available for detailed inspection
by would-be imitators, manage nevertheless to defy analysis for some techno-
logical reason and that therefore cannot be reverse engineered. Complex
chemical formulations sometimes fall into this category, the classic case being
the formula for Coca-Cola. Such barriers to analysis need not be inherent in
the product; they can sometimes be added on by design. Thus, some elec-
tronic products gain some protection from analysis through use of a packaging
method (potting) and packaging materials that cannot easily be removed
without destroying the proprietary circuit contained within.!® Methods for
protecting trade secrets embodied in products accessible to competitors need
not be foolproof to be effective; they simply have to raise enough of a barrier
in a given case to create an unattractive cost-benefit equation for would-be
imitators in that case.

In the second instance, process innovations such as novel catalysts or pro-
cess equipment can be protected effectively as trade secrets, whether or not
they could be reverse engineered by a would-be imitator allowed to examine
them, simply because they can be exploited commercially while shielded from
such examination behind factory walls.

Few empirical data exist on the information protected as trade secrets:
There is no central registry for such material analogous to the U.S. Patent
Office; even those trade secrets that are licensed to others, the subset of
interest to us here, do not usually appear on any public record unless litigated.



Functional Source as an Economic Phenomenon 55

Although some examples exist of major rents from nonembodied knowledge
being reaped by innovators by means of licensing of trade secrets,!” I argue
that the typical effectiveness of this mechanism is severely limited for two
reasons. First, the mechanism is clearly not applicable to product or process
innovations that are not commercially exploitable while concealed behind
factory walls and that are amenable to reverse engineering if accessible to
inspection by imitators—considerations that apply to many industries and
many innovations. Second, a trade secret licensor can only gain redress under
trade secret legislation if he can document the specific illegal act that diffused
his innovation to unlicensed parties. A licensor finds such specificity difficult
to achieve if he seeks to license nonembodied knowledge to many licensees.

To conclude, it appears likely that both conditions that must exist for my
hypothesis to be useful are in fact frequently present in the real world. There-
fore, it is appropriate to proceed on to test that hypothesis.
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5

Testing the Relationship Between
the Functional Source of Innovation
and Expected Innovation Rents

In chapter 4 I proposed that it would often be possible to predict the func-
tional sources of innovation on the basis of differences in potential innovators’
expectations of innovation-related rents. Now it is time to test this hypothesis.
I begin by testing the hypothesis against five samples and find it supported in
these instances. Then [ draw on the evidence presented to propose that gen-
eral rules may underlie innovators’ expectations of rent. ‘

Five Empirical Tests

In order to test the hypothesis that the functional source of innovation and
innovators’ expectations of rent are related, we need data on both these
factors. Since the work described in chapters 2 and 3 has already provided
reliable innovation source data for nine quite diverse innovation types, I
found it efficient to create the data base for this test by adding rent expecta-
tion data to these same innovation samples where possible. After investiga-
tion I found that I could obtain these additional data for five of the nine
samples (listed in Table 5-1). These became the basis of the five empirical
tests of the hypothesis I have carried out to date.

The inability to use four innovation samples due to data problems is unfortu-
nate. However, the reasons for exclusion do not appear to bias our test of the
hypothesis. In the instance of semiconductor process innovations, a single
innovation caused multiple product and process impacts whose value I could
not isolate and estimate. In the instance of plastics additive innovations and
the sample of wire termination equipment innovations, needed data were
simply not available from innovating firms or from published sources. Finally,
the scientific instrument innovation sample could not be used here because

57
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TABLE 5-1. Summary of Functional Source of Innovation Data

Innovations Developed by

NA  Total
Innovation Category User  Manufacturer  Supplier ~ Other  (n) (n)
Pultrusion process 90% 10% 0% 0% 0 10
Tractor shovel-related 6 94 0 0 0 11
Engineering plastics 10 90 0 0 0 5
Industrial gas—using 42 17 33 8 0 12
7 0 14

Thermoplastics—using 43 14 36

the innovation-related benefits expected by instrument users and instrument
manufacturers were different in kind and could not be readily compared.
(This is a problem of general interest and I will return to it at the end of the
chapter.)

My hypothesis requires that I estimate the rents firms could reasonably
expect if they had decided to develop specified innovations. This is not an
easy task because expectations of rent are not based on some straightforward
calculation. Rather, those who plan to innovate know they must struggle for
gain against the sometimes unpredictable actions of competitors, the possible
emergence of competing innovations, and other events.

In the battle for innovation-related rents, each firm with an interest in an
innovation devises strategies that may help it to minimize innovation costs and
maximize its returns from innovation. For example, if Boeing decides to
develop a new, more fuel-efficient plane, it will try to lower its innovation
costs by shifting some project development expenses to component suppliers
and by demanding some advance payments from buyers. Also, it will try to
increase its share of the rents generated by the plane by, for example, raising
its price to capture some of the fuel savings benefit that users expect to reap.
At the same time, of course, suppliers and users are trying to resist these
moves and to carry out profit-increasing strategies of their own (e.g., General
Electric may attempt to charge more for the fuel-efficient jet engines that it
supplies to Boeing).

Given this complex reality, my general strategy for estimating rents that
firms might reasonably expect if they were to develop specific types of innova-
tions has been to study several innovation categories in detail and to try to
understand the thinking of and options open to potential innovators in these
fields.

Innovators capture temporary rents from their successful innovations by
first establishing some type of monopoly control over their innovation and
then using this control to increase their economic return. A successful innova-
tor’s rents may come in the form of cost savings and/or increased prices and/
or increased sales obtainable during his period of temporary and partial
monopoly. Unfortunately, the available data do not allow us to assign values
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to these individual components of expected rents or to properly sum and
discount them with respect to time. Therefore, in each test that follows I will
first summarize information bearing on firms’ relative abilities to capture
innovation-related rents and then will build a test of reason from this data.

The logic behind my tests of reason will be self-evident, I think, with the
possible exception of some of the elements I use to estimate relative abilities
to establish monopoly control over an innovation. Let me therefore elaborate
a little on the latter before proceeding to a discussion of the tests themselves.

Recall from chapter 4 that we found that innovators typically could not
expect to obtain rents from their innovations by licensing them to others
because both the patent grant and trade secrecy legislation did not typically
allow innovators the type of monopoly control necessary to achieve this.
Therefore, innovators must typically benefit by excluding imitators from ob-
taining rent from their own innovation-related outputs.

The patent grant, trade secret legislation, and response time are the only
mechanisms I have observed to date that are exclusively available to innova-
tors and may potentially give an innovator the control over his innovation that
he needs to exclude would-be imitators. (This seems a short list, but note that
it is not of fixed length. Mechanisms for enhancing an innovator’s innovation
property rights are social inventions and their number or design has no inher-
ent limit. For example, in the United States one can currently observe the
extension of copyright protection to include software writings.)

In chapter 4 we saw that the patent grant generally offers only weak protec-
tion to innovators in the context of licensing. I find no apparent reason why it
should be any more effective in allowing an innovator to prevent others from
imitating his innovation without permission. However, trade secret protection
can be much more effective in preventing imitation than it was seen to be in
enabling licensing. The difference is that, as a practical matter, licensing of
trade secrets requires that they be revealed to licensees, and a secret shared
may not stay secret very long. In contrast, a secret kept by an innovator for his
own exclusive use need only be known within his factory walls and can often
be well protected there.

Finally, an interesting and often effective additional mechanism—response
time—became visible in the course of my investigations of innovators’ strate-
gies for protecting their innovation-related knowledge. I define response time
as the period an imitator requires to bring an imitative product to market or to
bring an imitative process to commercial usefulness once he has full and free
access to any germane trade secrets or patented knowledge in the possession
of the innovator.

Response time exists because many barriers in addition to lack of knowl-
edge must be overcome in order to bring any product or process—even an
imitative one—to commercial reality. Engineering tooling must be designed,
materials and components ordered, manufacturing plants made ready, market-
ing plans developed, and so on. During the response-time period an innovator
by definition has a monopoly with respect to the innovation and is in a posi-
tion to capture rent from his innovation-related knowledge.!
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When an innovator is seeking to protect his innovation from imitators, he
may be able to use any or all three mechanisms—patents, trade secrecy, and
response time—to prolong his period of exclusive use, his lead time. Whether
any or all of these are usable or offer an advantage to a given class of potential
innovator is a function of situation-specific factors that will be discussed in the
context of the cases that follow.

I begin each case discussion by identifying the types of firm best positioned
to capture rents from the category of innovations under study. Next I describe
and compare four rent-related elements of the real-world situation facing each
type of firm. These are (1) the relative abilities of firms holding different
functional relationships to an innovation to establish some monopoly control
over it; (2) the nature and amount of innovation-related output generated by
innovating and noninnovating firms; (3) the anticipatable cost of innovation;
(4) the displacement of existing business that a firm undertaking the innova-
tion studied might expect. Finally, I draw on this information to assess the
reasonable preinnovation rent expectations of potential innovators. In this
final step I use a very conservative test with respect to my hypothesis. I simply
rank such rent expectations and count the hypothesis as supported only if the
functional source of innovation is populated by firms with the highest pre-
innovation expectations of rent. (I will return to this point at the end of the
chapter.)

Pultrusion Process Machinery:
Innovation and Innovation Rents

As we saw in chapter 3, users are the source of all sampled pultrusion process
machinery innovations save one. Therefore, the hypothesis I am testing may
be stated for this sample as: Innovating users of pultrusion process machinery
had higher preinnovation expectations of rent from their innovations than did
all firms holding other functional relationships to those same innovations.

There are many classes of firm that have some sort of functional relation-
ship to pultrusion process machinery innovations ranging from inventor to
user to manufacturer to distributor. However, it is not necessary to precisely
determine the reasonable rent expectations of all of these in order to test the
hypothesis. The only noninnovators who can represent a challenge to the
hypothesis are those with rent expectations that might conceivably equal or
exceed those of the innovating firms. It is therefore efficient to begin this test
with a simple inspection of the many extant functional relationships between
innovator and innovation and exclude all from further analysis that on the
face of it cannot reasonably expect a level of rent from pultrusion process
machinery innovations that is anywhere near that of the innovating process
users.

In the instance of pultrusion process machinery innovations, I have deter-
mined, by means of interviews with industry experts, that the only two func-
tional categories of firm likely to gain significant rent from innovations that
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improve pultrusion process machinery are process machine users and process
machine manufacturers.® I therefore explore the relative ability of these two
functional types of firms to capture such rent in what follows.

Relative Ability to Establish Monopoly Control

On the basis of both interview data and reason, it appears to me that innovat-
ing users of pultrusion process equipment are better able than innovating
manufacturers to establish temporary monopoly control over their innova-
tions. The key source of this difference is the ability of equipment users to
hide their innovations for a period of time as trade secrets. This option is not
open to manufacturers, who must display their innovations to customers in
order to sell them.

Patents and response time were both considered ineffective in this industry
by interviewees. Innovators sometimes applied for patents and sometimes
received some modest licensing income, but it was understood by all that the
patents did not really provide effective protection. Innovators typically would
not even attempt to contest infringement of their patents and expected only
the naive or exceedingly cautious to honor them. Response time in the in-
stance of pultrusion innovations is only months and is not considered to be of
significant value to either user or manufacturer innovators.

Relative Innovation-Related Output

The innovation-related output of the users of pultrusion process equipment
innovations is, of course, pultruded product. In general, the effect of the
innovations we have studied was to make it possible to extend the pultrusion
process to new types or sizes of product. This in turn allowed user firms to
create cheaper or better substitutes for products made by other methods or
other materials.

*Field investigation showed that the licensing of innovation-related knowledge was (and was
considered to be by industry participants) of minor importance in pultrusion processing. Innova-
tors’ general inability to appropriate rents from the licensing of knowledge led me to eliminate
both independent inventors and suppliers of materials used in pultrusion as potential recipients of
significant innovation-related benefit. Independent inventors were eliminated because they only
have nonembodied innovation knowledge to sell. Suppliers of materials used in pultrusion were
eliminated because pultrusion used 2% or less of the huge amount of polyester resin and fiber-
glass consumed annually in the manufacture of fiberglass-reinforced plastics during the period of
the innovations studied (William G. Lionetta, Jr., “Sources of Innovation Within the Pultrusion
Industry” [SM thesis, Sloan School of Management, MIT, Cambridge, Mass., 1977], Table I11, p.
41). These innovations needed only commodity plastic resin and fiberglass reinforcement prod-
ucts to implement. Therefore, the suppliers too could not embody innovation-related knowledge
in their outputs, and would also be dependent on the licensing of nonembodied innovation
knowledge for their innovation-related rents.

Other functional relationships between innovator and pultrusion process innovations—
wholesaler and so forth—were eliminated from further consideration after discussion with indus-
try personnel showed innovation benefit potentially accruing to these was clearly much less than
that potentially accruing to users and manufacturers.
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Pultrusion process machines vary in size, and early machines tended to be
smaller and slower than later ones. In 1975 the output of a single average
pultrusion machine working a single shift was about 200,000 Ib of pultrusions
annually. At the 1976 market price of $1.70/1b, this means that a single innova-
tive pultrusion machine could produce $340,000 of novel pultruded product
during each year of that machine’s service life.

The innovation-related output of a pultrusion machine manufacturer is the
incremental hardware on the pultruder that embodies a pultrusion improve-
ment innovation. However, it is more conservative with respect to the hy-
pothesis we are testing to regard innovation-related output as the entire ma-
chine embodying such an innovation. Early pultrusion machines tended to be
smaller and cheaper than later ones. In 1975 the price of a commercial
pultruder of average capacity was $75,000 to $85,000.2

Until 1966, all pultrusion process equipment was made by the firms that
used it. Then, in 1966 Goldsworthy Engineering began to manufacture a
standard line of pultrusion process machines. (Of course, prior to that year
there were many manufacturing firms that did produce other types of plastics
processing machines and were fully capable of producing pultruders.) By the
1970s each of the largest three user firms had 15 to 20 pultrusion machines
each and were making machines for internal use at roughly the same rate as
Goldsworthy was making them for the external market. In 1976, pultruder
operators reported that about 30 of the 175 pultruders operating in the United
States had been built by an equipment builder. The rest were built by users in-
house. In that year, pultruders built by users in-house cost less than the
commercial equivalent.?

Relative Costs of Innovating

The pultrusion process machinery innovations examined were built by both
users and manufacturers using general-purpose machine shop equipment that
both types of firm had on-site. No organized R & D effort was used to develop
these innovations: They consisted of good ideas that, once grasped, could be
implemented on the shop floor. Thus it can be assumed that innovation costs
would be similar in magnitude for both users and manufacturers of these
machines.

Relative Amount of Displaced Sales

No potential innovator in this field had reason to anticipate that pultrusion
process innovations would result in a significant displacement of his present
sales. In some instances, as can be seen in the innovation cases presented in
the appendix, users developed process improvements to reduce their costs of
production. In other cases, pultrusions were displacing metals, typically, in
high-performance applications. Neither the pultrusion process equipment us-
ers nor the equipment manufacturers had any position I am aware of in such
displaced products or processes.



Link Between Innovation and Expected Rents 63

Discussion

Now I must speculate. Is it reasonable that even an optimally situated manu-
facturer of pultrusion machines could expect to gain as much or more rent as
innovating users? I do not think so. We have seen that a user has a basis to
expect some degree of monopoly control over his innovation, but that a
manufacturer does not. Further, I see no relative disadvantage that an innovat-
ing user might have with respect to an innovating manufacturer that might
offset the user advantage in monopoly control. Users and manufacturers con-
templating innovation could expect similar costs, and neither needed to fear
displacement of existing business as a result of the type of innovation studied.
Further, the possible impact of increasing returns to scale in production of the
machines embodying the innovation would be trivial at the levels of produc-
tion involved here. Even if a single manufacturer produced all of the machines
needed by the market (say, 20 per year) his direct per machine costs would
only be on the order of 10% less than those of a user producing only a single
machine.*

In sum, then, the evidence leads me to conclude that the rents that process
machine users could reasonably expect prior to an innovation exceed those
that a pultrusion process machine manufactuter could expect if he contem-
plated the same innovation opportunity. Therefore the hypothesis is sup-
ported in this instance: Pultrusion process users, the functional type of firm
that I judge to have the highest reasonable expectations of innovation-related
rent, are also the type of firm that my data show most active in developing
pultrusion process equipment innovations.

The Tractor Shovel: Innovation and Innovation Rents

Since, as we saw in chapter 3, manufacturers are the source of almost all
tractor shovel innovations, the hypothesis I am testing may be stated for this
sample as: Firms that hold the functional relationship of manufacturer to the
sampled tractor shovel innovations are also the type of firm best positioned to
capture rents from such innovations.

As in the previous study, my first step in testing the hypothesis here was to
identify by inspection the few functional types of potential tractor shovel
innovators positioned to appropriate significant innovation rents. I found
tractor shovel users and tractor shovel manufacturers were clearly the two
functional categories of firm most favorably positioned in this regard,* and I
will therefore only attempt to rank the relative rent expectations of these two
types of firms here.

*My findings here precisely parallel those presented earlier regarding the pultrusion process
machinery study. As was the case in that field, innovation benefit was almost never captured from
the licensing of nonembodied knowledge. Further, industry participants had no illusions that this
could be done. given the general weakness and unenforceability of patents in the field of mechani-
cal invention. As a consequence, | judged that independent inventors were unlikely to be able to
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Relative Ability to Establish Monopoly Control

Tractor users and tractor shovel manufacturers apparently are in an equally
poor position to establish monopoly control over a tractor shovel innovation
they may undertake. Patents did not offer effective protection to innovators in
this field. Also, neither user nor manufacturer could expect to protect tractor
shovel product innovations as trade secrets. Tractor shovels are used on open
construction sites, and any innovations by users and/or manufacturers will be
open to the view of would-be imitators. Response times in the instance of
tractor shovel innovations are on the order of one year. That is, either a user
or a manufacturer of a tractor shovel who had good mechanical skills could
imitate a tractor shovel innovation he was able to inspect in a year or less.

Relative Innovation-Related Output

The innovation-related output of tractor shovel manufacturers consists of
hardware embodying such innovations. The advantage of the sampled major
improvement innovations over previous best practice was such that they were
immediately embodied in most or all of the units sold by the innovating firm.
Therefore, total tractor shovel sales of the innovating firm in the first post-
innovation year is a reasonable indicator of the units of output embodying the
innovation in that year.>

In the instance of the development of the tractor shovel itself, first-year
innovation-related sales were about $250,000 (50 units were sold). All im-
provement innovaticns were developed by manufacturers producing at least
hundreds of tractor shovels in the year the innovation was commercialized.
The major improvement innovations in the sample all added functional capa-
bilities to the tractor shovel at some increase in complexity and cost.

The function of a tractor shovel is to excavate and/or move bulk materials.
From a user’s point of view, the innovation-related output of a tractor shovel
innovation is the increase in productivity that the innovation provides. I esti-
mate the improvement that an innovating user could expect from embodying
one of the improvement innovations studied on one tractor shovel is an in-
crease in output of on the order of 20%. This translates into an operating
savings of perhaps $1000 annually per machine.®

Even the largest users of tractor shovels contemplating an innovation could
not expect to incorporate their innovation on more than a very few tractor
shovels. Today, with the exception of the U.S. Army and some municipali-
ties, even the major, national account users have a fleet of only 8 to 10 tractor

appropriate significant innovation benefit from any tractor shovel innovations they might at-
tempt. The same reasoning suggests that suppliers of components used to implement the innova-
tions were also unlikely to innovate. Components used to achieve an innovative effect when
applied to tractor shovels were not themselves novel and were typically available from a number
of suppliers as off-the-shelf items.

Industry experts contacted all judged that users and manufacturers ranked highest in the list of
fuctional types of firms able to appropriate innovation benefit from tractor shovel innovations.
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shovels—and that of mixed models and vintages. Presumably fleets of this size
were even more unusual in the period when the innovations we studied were
commercialized.

Relative Costs of Innovating

I estimate that user innovation costs would be somewhat higher than those
of innovating manufacturers because the equipment and engineering skills
needed for innovation are utilized by tractor shovel manufacturers in the
course of routine manufacturing and are therefore in place if needed for
innovation. In contrast, tractor shovel users have no routine need for such
equipment or related engineering skills and may need to acquire them espe-
cially for innovation-related tasks.

Relative Amount of Displaced Sales

In the instance of the tractor shovel, users might find that the development of an
improvement slightly reduced the value of older tractor shovels and other
functionally similar construction equipment that they had in inventory. In con-
trast, with the exception of Clark Equipment Company (a tractor shovel manu-
facturer that developed one of the sampled innovations), none of the innovat-
ing equipment manufacturers also made construction equipment of similar
function, such as bulldozers. Therefore, these manufacturers would anticipate
no displaced sales as a result of developing tractor shovel innovations.

Discussion

On the basis of the above discussion, I reason that both users and manufactur-
ers of tractor shovels could only expect to have a monopoly of a year’s dura-
tion if they chose to develop a tractor shovel innovation. However, it also
seems clear that a tractor shovel manufacturer’s ability to capture rent on the
basis of this period of temporary monopoly is greater than that of any user.

Tractor shovel manufacturers inform me that they generally tend to try to
increase sales on the basis of an innovation rather than to increase prices.
They feel that they may gain a significant advantage over competitors in a
year, possibly selling hundreds of additional tractor shovels due to the pres-
ence of the innovation. And, even after imitators enter, innovators’ first-to-
market reputation may continue to give them a marketplace advantage.”

In contrast, it is not clear to me or to users how a year’s monopoly on a
tractor shovel innovation might significantly benefit innovating users beyond
the small operating savings discussed earlier. Because there are many substi-
tute ways to move materials, a given user’s unique possession of an innovation
would not seem to give him monopoly control over any unique capabilities
that would possibly command a high rent from the market.

In this industry, users appeared to have no plausible offsetting advantages
that might raise their expectations of rent relative to manufacturers. Indeed,
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 significant returns to scale obtainable from hardware embodying the innova-
tions studied in the tractor shovel market were available to manufacturers but
not users.?

In sum, then, I conclude that tractor shovel manufacturers are both the
functional type of firm likely to have the highest preinnovation expectations
of innovation-related rent and also the functional type of firm that in fact did
innovate. Thus, I find support for my hypothesis in this sample.

Engineering Plastics: Innovation and Innovation Rents

Since, as we saw in chapter 3, the manufacturers of engineering plastics are
the source of almost all innovations sampled in that field, my hypothesis may
be stated here as: Manufacturers of the sampled engineering plastics innova-
tions are also the functional type of firm best positioned to capture rents from
such innovations.

On the basis of inspection and discussion with industry experts, I concluded
that firms with either a user or a manufacturer relationship to engineering
plastic resin innovations are most likely to gain significant rents from them.*
Therefore, I focus on assessing the relative rents appropriable by each of
these two functional groups in this test.

Relative Ability to Establish Monopoly Control

In the instance of engineering plastics, all the innovators studied could and did
protect their innovations effectively through patents. This observation fits the
general evidence regarding the high effectiveness of patents in the field of
chemical inventions® and discussion with industry personnel shows that such
protection is an important part of the commercial strategy of innovators in the
field.

Recall from our earlier discussion in chapter 4 that any innovator could
expect similar amounts of rent from a given innovation, given that he had
perfect, costlessly enforceable property rights to it. To the extent that the
patent protection available in the engineering plastics field has these character-
istics, the reasoning applies here and I would expect user and manufacturer
innovators to have roughly similar expectations regarding the rents they might
obtain from engineering plastics innovations.

However, as was also discussed earlier, in the real world even strong pat-
ents do not provide protection that is either perfect or costlessly enforced.

*Although patents offer effective protection in this field, licensing of engineering plastics
innovations is unlikely for reasons to be discussed in the text. As a consequence, independent
inventors and others without significant innovation-related outputs did not seem to me to be
potential appropriators of significant innovation-related rents. Suppliers were eliminated from
consideration as potential innovators because the materials used in the manufacture of the plas-
tics studied were commodity chemicals, whose suppliers did not appear well positioned to obtain
benefit from innovation-related knowledge through sale of a commodity output.
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Indeed, an innovator cannot realistically expect to license his patent rights to
others without risk or cost.

Relative Innovation-Related Output

The innovation-related output of an engineering plastics manufacturer is the
novel plastic itself. Manufacture of each of the engineering plastics studied is
highly concentrated. In my sample the innovator retained a dominant share of
the market for his novel product for at least several years. In 1976 Du Pont
(the innovator) produced 100% of acetal homopolymer (Delrin), Celanese
100% of acetal copolymer (Celcon), General Electric 100% of modified
polyphenylene oxide (Noryl), and Union Carbide 100% of polysulfone. Gen-
eral Electric also produced 75% of all polycarbonate (Lexan) in 1976 and Du
Pont produced 57% of all polyamides and 57% of all fluoropolymers.

The innovation-related output of the user of engineering plastics is the
products in which these plastics are embodied. I have no data on the volume
of engineering plastics consumed by individual users. However, I can report
that there are literally thousands of users of each of the innovative engineer-
ing plastics studied and that no single user buys more than a small fraction of
total production. (The sole exception I identified was in the early days of
Lexan production when GE used as much as half of its pilot-plant production
internally. This fraction quickly dropped to just a few percent when larger
plants were brought on line.)

Relative Costs of Innovating

The costs for the actual innovating firms in this field were either equal to or
lower than those that other would-be innovators could reasonably anticipate.
All of the innovating firms had substantial ongoing research programs in
organic chemistry and thus did not have the significant R & D start-up costs
firms without such programs could expect. Some, but not many, users also
had such programs in place.

The R & D investment that innovators expend to develop an engineering
plastic is orders of magnitude higher than the R & D costs associated with
other categories of innovation examined in this chapter. Du Pont’s R & D and
pilot plant expenditures for Delrin, for example, were $27 million in 1959
dollars.!! Commercialization is also expensive, because engineering plastics
manufacture requires special-purpose plants. Thus, the cost of the first com-
‘mercial plant for Delrin was $15 million'?; for Celcon $15 to $20 million!3; and
for Lexan $11 million. !

Relative Amount of Displaced Sales

Engineering plastics are intended to be substitutes for other engineering
plastics or more traditional engineering materials such as metal and glass.
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Potential innovators who currently produce such materials do risk displace-
ment of sales of existing products if they innovate. However, the problem
can be minimized or eliminated by proper selection of the properties of the
innovative material so that it is not a substitute for the innovator’s existing
products.

Discussion

As mentioned above, patent protection in this field is good, but there is no
reason to expect licensing to be either costless or risk-free for an innovator
attempting it. As a consequence, I reason that potential innovators would
expect somewhat higher rates of rent for innovation-related output produced
by the innovator’s own firm. Taken by itself, this fact would not create a
higher rent expectation for either user or manufacturer innovators. However,
important economies of scale issues tip the balance toward the manufacturer.

Major engineering plastics such as those I studied are manufactured in
single-purpose, continuous-flow plants that have significant economies of
scale associated with them. As an approximation, processing costs per pound
in a plant sized to produce 1 million Ib of plastic a year are 10 times those in a
plant sized to produce 100 million Ib annually.'> Consider the impact of this
factor on a user contemplating developing a new engineering plastic. Since
any individual user represents only a small portion of the total demand for an
engineering plastic, a user firm considering innovation could not expect to
achieve attainable economies of scale by producing for in-house use only. If a
user, nonetheless, built a plant sized to fill in-house demand only, it would be
in a risky position: Any manufacturer that came up with a functional substi-
tute for the user innovation and produced it in a plant sized to serve the entire
market could render the user plant and material uneconomic.

In effect, therefore, both users and manufacturers in this industry are both
in a position to control the rights to an innovative engineering plastic that they
may develop. But only a manufacturer (or a user who becomes a manufac-
turer) is in a position to exploit the significant economies of scale associated
with engineering plastics manufacture. Given that this is so, a manufacturer
that innovates is the only functional type of firm that does not have to incur
the cost and risk of licensing this type of innovation to a manufacturer. The
consequent saving in licensing-related cost and risk results in a higher expecta-
tion of net innovation-related rent for an innovating manufacturer than that
which an innovating user might expect.

Process Equipment Utilizing Industrial Gases
and Thermoplastics: Innovation and Innovation Rents

The final two tests of the hypothesis were conducted by VanderWerf.1¢ These
studies were designed precisely to test the hypothesis that rent expectations
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and the functional sources of innovation are linked and therefore they do not
require extra data or analyses to serve my purposes. As a consequence, the
review I will present can be relatively brief.

Recall from chapter 3 that by the time VanderWerf began his research, he
and I had the hypothesis reported on here in mind. It seemed on the basis of
that hypothesis that materials suppliers might be found to innovate under the
right conditions. As a consequence, VanderWerf elected to focus on catego-
ries of process machinery innovations that used large amounts of material as
input and where an innovating supplier might hope to have some level of
monopoly control over that input material. Under such circumstances it ap-
peared possible that materials suppliers might benefit from and develop inno-
vative process equipment that used their material—even if they did not plan
to build or use the innovative equipment themselves. Thus, in the instance of
these two studies, we were attempting to predict the functional source of
innovation on the basis of assumptions regarding the likely functional source
of highest innovation rents. As the reader will see, this experiment worked
well.

The Studies

VanderWerf’s first sample consisted of innovations in process machines that
utilized large amounts of industrial gases as an input, whereas his second
sample consisted of innovations in process machines that used large amounts
of specific thermoplastics as an input. He began his research by determining,
by means of discussions with industry experts, that process machine users,
manufacturers, and suppliers of materials processed on the innovative ma-
chines all had some reasonable expectations of innovation-related rents.
Next, he compared the levels of such benefit that these three functional
categories of firm might reasonably expect.

VanderWerf estimated the benefit firms could potentially appropriate from
each innovation under study by studying the actual commercial history and
innovation-related behavior of users, manufacturers, suppliers, and others.
By means of discussions with industry participants, he then estimated the
relative appropriable benefits (rent), innovation costs, and the new business
fraction (a measure that serves the same function as my displaced sales) each
class of would-be innovators could reasonably expect if they had been able to
accurately foresee the commercial results actually attained by the various
innovations. Possible error in these estimates was compensated for by resolv-
ing ambiguity in a direction against the hypothesis under test.

Discussion

For each innovation, VanderWerf ranked four functional categories of innova-
tor (user, manufacturer, supplier, and other) in the order of their expected
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TaBLE 5-2. Test of Hypothesis; The Source of Innovation Benefit and
* Innovation Activity Compared?

(A) Industrial gas-using innovations:
Predicted probability of innovation

Highest Second Third Lowest
Innovator 8 4 0 0
Noninnovator 4 8 12 12
(chizp < .01)

(B) Thermoplastics-using innovations:
Predicted probability of innovation

Highest Second Third Lowest
Innovator 12 1 1 0
Noninnovator 2 13 13 14
(chizp < .01)

aVanderWerf, “Explaining the Occurrence of Industrial Process Innovation by Materials Suppliers,” 65-66.

level of benefit from that innovation. In the top (bottom) rows of Table 5-
2(A) and 5-2(B), VanderWerf positions each firm that actually did (did not)
develop each innovation in that expected benefit ranking. As can be clearly
seen in Table 5-2, these two samples also strongly support the hypothesis
under test.

Conclusions and Discussion

The hypothesis I set out to test was that the functional sources of innovation
could be predicted on the basis of potential innovators’ expectations of
innovation-related rents. We now see that this hypothesis is supported in the
instance of the five samples examined (Table 5-3). These test data are encour-
aging but clearly cannot prove the matter beyond dispute. Nevertheless, 1
myself find the results encouraging enough to warrant moving ahead to both
further research and practical applications.

It would be interesting, for example, to use expectations of rents to predict
and empirically explore functional sources of innovation in addition to the
user, manufacturer, and supplier sources documented in this book. Thus,
wholesale or retail distributors of innovative products, processes, or services
should have high expectations of innovation-related rents under some condi-
tions, and they probably will be found to innovate where these pertain.

I speculate that the model will be applicable to industrial products, pro-
cesses, and services—a very considerable universe. It will also be quite practi-
cal in these fields: It requires data on variables that innovators and policymak-
ers in firms may already have at hand.
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TaBLE 5-3. Is There a Relationship Between the Functional Source of Innovation
and Reasonable Expectations of Innovation Rent?

Number of Innovations found in
sources with expected rent rank

Innovation Type Relationship Highest 2nd 3rd 4th
Pultrusion process Yes: p < .022 9 1

Tractor shovel-related Yes: p < .022 13 3

Engineering plastics Yes: p < .2"(NS) 4 1

Industrial gas—using Yes: p < .01¢ 8 4 0
Thermoplastics—using Yes: p < .0I¢ 12 1 1 0

Chi? test. The null hypothesis used in these tests was that innovations would be found equally distributed
between the two loci of highest expected rents.

"Binomial test (used due to very small sample size). The innovation coded 50% user and 50% manufacturer in
Table 3-6 is coded conservatively with respect to the hypothesis here (i.e., coded as 100% not in the locus of
highest expected rents). :

°Chi? test. Same as note (a) except that VanderWerf was able to rank expected rents reasonably anticipatable
by members of four functional loci with respect to each innovation (see Table 5-2).

However, the model will not be practicable in fields where all potential
innovators do not measure the rents they expect in commensurable ways. This
is so simply because the hypothesis that underlies the model requires that one
compare levels of expected rents across functional groups in order to predict
the functional source of innovation. And this is only possible in fields where
all classes of potential innovators with a significant potential interest in an
innovation use commensurable measures. Two examples will illustrate the
problem.

In scientific instruments, innovating scientist-users typically work in
nonprofit institutions. Usually, their research is supported by governmental
agencies who distribute grants on the basis of the expected scientific value of
the proposed research rather than on its expected economic value. Therefore,
neither users of scientific instruments nor their employers appear to have any
reason to measure expected innovation-related benefit in economic terms.
Rather, acknowledgement by peers of scientific accomplishment appears to
be a major innovation-related incentive for this group.!” In contrast, scientific
instrument manufacturers are profit-making firms and presumably do mea-
sure their expected innovation-related benefit in economic terms. Similarly,
in the field of consumer goods, consumers are known to evaluate innovations
in part in terms of psychological benefits not easily measured in economic
terms.!8

In this chapter I have been able to assess the relationship between innova-
tion and firms’ expectations of innovation-related rents only by very careful
attention to the details of industry structure and behavior that form such
expectations. An important next step in this work, it seems to me, is to move
toward generalization by seeking out real-world principles and common
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strategies—successful and unsuccessful—that underlie innovators’ attempts to
capture such rents.??

The empirical work I have done to date contains clues that might lead to
such an ability to generalize. For example, note that the functional source of
innovation was shown in the five studies to be populated by firms expecting
the highest innovation-related rents (Table 5-3). Since the hypothesis itself
proposes only that innovation will be found concentrated among firms who
find their expected rents attractive, this result is striking. Perhaps it signals
that expectations of rent will often differ significantly between firms holding
different functional relationships to a given innovation opportunity. This
seems to me to be possible because at the moment I can see two general
reasons why the rent expectations of potential innovators could differ signifi-
cantly as a consequence of the functional relationship they hold to an innova-
tion opportunity.

First, the abilities of firms to protect and benefit from identical innovation-
related information can differ as a consequence of functional role. For exam-
ple, innovating users can often protect process and process machinery innova-
tions as trade secrets better than any other type of innovator. This is so
because only users can obtain rent from their innovations while keeping them
hidden within their factory walls. Innovators with any other functional rela-
tionship to an innovation such as manufacturer or supplier must sell the
innovation they develop or persuade others to adopt it before they can bene-
fit. The process of selling or persuading typically involves revealing related
secret knowledge to prospective innovation adopters and, as a practical mat-
ter, usually destroys the basis for trade secrecy protection.

Also, the risk users face in developing a cost-reducing innovation for their
own use may typically be lower than that facing any other functional category
of innovator. This is because only users do not have to market such innova-
tions in order to derive rent from them—their own use constitutes a source of
such rent. Therefore, the risk to users engaging in an innovation process is
that the completed device will not work as intended or will be obsoleted by
some other innovation or event. Manufacturers and all other nonusers consid-
ering developing that same innovation, on the other hand, face these same
risks plus the risk that the innovation will not be accepted in the marketplace.

A second general reason why the rent expectations of potential innovators
could differ significantly as a consequence of the functional relationship they
hold to an innovation opportunity has to do with industry competitive struc-
ture. Firms having user, manufacturer, and supplier relationships to a given
innovation often come from different industries. These industries may have
different structures, for example, the industry that will manufacture an innova-
tion may be more concentrated than the industry that will use it. Since a firm’s
innovation-related output is not likely to be determined entirely on the basis
of a particular innovation, we can see that expectations of rent are likely to be
affected by factors such as preinnovation concentration ratios.

A Dbetter general understanding of how firms capture innovation-related
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rents would have implications beyond innovation. For example, consider the
possible impact on current views on when and why firms specialize.

Stigler? hypothesizes that “vertical disintegration” will occur as a new indus-
try grows and matures. He reasons that many functions that firms in the new
industry require have increasing returns to scale. Initially, the firms in the new
industry might perform such functions for themselves because specialization is
limited by the extent of the market and because total demand for a particular
function might not be great enough to support a specialist firm. But, as the
industry grew, demand would increase and eventually it would be reasonable
for firms in the industry to spin such functions off to specialist firms that could
carry them out on a larger scale and thus more cheaply.

It does seem reasonable to me that Stigler’s hypothesis may explain real-
world behavior under circumstances in which economies of scale and consider-
ations of production cost are very important. However, different patterns will
emerge when innovation-related rents (a factor not included in the Stigler
hypothesis) are important—as they often are.

Consider, for example, that users may only be able to obtain rents on
innovative process machinery if they build it in-house and protect it as a trade
secret. Such rents might be far more significant than any scale-related econo-
mies potentially offered by a specialist process equipment manufacturer. An-
ecdotal evidence exists in support of this idea. Thus: “Most world class Ger-
man and Japanese manufacturing companies have large, well-staffed, very
active machine shops. Much of the success of these companies is a result of the
proprietary production processes that are incubated in these shops and there-
fore unavailable to their competitors.”!

Notes

1. In principle, if an imitator became aware of an innovator’s protected knowledge
at the moment he developed it, there would be no response-time protection for the
innovator: both innovator and imitator could proceed with commercialization activi-
ties in tandem. Response time is an important innovation benefit capture mechanism
in reality, however, because would-be imitators seldom become aware of an innova-
tor’s knowledge at the moment he develops it. Typically, in fact, an imitator only
becomes aware of a promising new product when that product is introduced to the
marketplace. Until that point the innovator has been able to protect his product from
the eyes of interested competitors inside his factory. After that point, if the product is
easily reverse engineered and has no patent protection, only the response-time mecha-
nism can provide the innovator with some quasi-monopoly protection from imitators.

No formal studies yet exist, but the value of response time to innovators can be
reasoned to be a function of various situation-specific factors. For example, consider
the effect of the length of response time divided by length of the customer purchase
decision cycle. A high value of this factor favors the innovator over imitators. Consider
one extreme example: a consumer fad item (very short purchase decision time) that
sells in high volume for six months only. Assume that the item can be readily imitated
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but can only be produced economically by mass-production tooling that requires six
months to build. Obviously, response time here allows the innovator to monopolize
the entire market if he can supply it with his initial tooling. At another extreme is an
expensive capital-equipment innovation that customers typically take two years to
decide to buy, budget for, and so on—and that competitors can imitate in one year.
Obviously, response time in this instance affords an innovator little protection.

2. The source of figures in this section is William G. Lionetta, Jr., “Sources of
Innovation Within the Pultrusion Industry” (SM thesis, Sloan School of Management,
- MIT, Cambridge, Mass., 1977), chap. 2.

3. A homebuilt machine of average capacity (i.e., a machine capable of pultruding
product with a cross-section of 6 in. by 7 in.) had a direct cost of at most $60,000 in
1977 (Lionetta, “Sources of Innovation Within the Pultrusion Industry,” 43) versus the
price of $95,000 charged for an equivalent commercial machine. Presumably the user-
built machines were cheaper because the user does not incur some expenses that the
machine builder must, such as selling expenses.

4. C.F. Pratten, Economies of Scale in Manufacturing Industry (Cambridge: Cam-
bridge University Press, 1971), Table 17-4, p. 173.

5. The primary exception was four-wheel drive. Although it offered advantages to
all users, it was a costly feature most advantageous to those operating on difficult
terrain and, so, penetrated the market more slowly. The inclusion of four-wheel drive
in a tractor shovel added over $1000 in direct cost per unit at the time of the innova-
tion.

6. This estimate of operating savings is derived in the following manner. Standard
industry assumptions are that the life of a tractor shovel is five years and that it will
operate 2000 hr/yr. Productivity savings primarily involve savings of labor and capital.
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$600/yr) and a savings of 20% the capital cost of a machine. Since, at the time of the
innovations, tractor shovel prices ranged from $5000 to $10,000/unit (or a maximum of
$2000 depreciated over five years straight line), total maximum annual savings to the
user in capital and labor therefore were $1100/yr/machine/innovation.

7. Glen L. Urban et al., “Market Share Rewards to Pioneering Brands: An Empiri-
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645-59.
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Cooperation Between Rivals: The
Informal Trading of Technical Know-how

We have seen that variations in the functional sources of innovation can
sometimes be explained in terms of potential innovators’ relative expectations
of economic rents. Since this is so, it becomes worthwhile to think about
developing a more general understanding of pattcrns in the sources of innova-
tion on the basis of a more general understanding of rents and how innovators
may seek to maximize them. In this chapter I begin this process by focusing on
a mode of cooperative R & D that I call informal know-how trading.

I begin by describing informal know-how trading in general terms. Next, I
document how it operates in the field of steel minimill process know-how.
Then, I explore how one might explain this form of cooperation in terms of
patterns in the rents obtainable from innovation-related knowledge.

Informal Know-how Trading

Know-how is the accumulated practical skill or expertise that allows one to do
something smoothly and efficiently. The know-how I focus on here is that
held in the minds of a firm’s engineers who develop its products and develop
and operate its processes. Often, a firm considers a significant portion of such
know-how proprietary and protects it as a trade secret.

A firm’s staff of engineers is responsible for obtaining or developing the
know-how its firm needs. When required know-how is not available in-house,
engineers typically cannot find it in publications either: Much is very special-
ized and not published anywhere. They must either develop it themselves or
learn what they need to know by talking to other specialists. Since in-house
development can be time consuming and expensive, there can be a high
incentive to seek the needed information from professional colleagues. And
often, logically enough, engineers in competing firms that make similar prod-
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ucts or use similar processes are the people most likely to have that needed
information. But are these professional colleagues willing to reveal their pro-
prietary know-how to employees of competing firms? Interestingly, it appears
that the answer is quite uniformly yes in at least one industry—and quite
probably in many.

The informal proprietary know-how trading behavior I have observed to
date can be characterized as an informal trading network that develops be-
tween engineers having common professional interests. In general such trad-
ing networks appear to be formed and refined as engineers get to know each
other at professional conferences and elsewhere. In the course of such con-
tacts, an engineer builds his personal informal list of possibly useful expert
contacts by making private judgments as to the areas of expertise and abilities
of those he meets. Later, when Engineer A encounters a difficult product or
process development problem, A activates his network by calling Engineer
B—an appropriately knowledgeable contact who works at a competing (or
noncompeting) firm—for advice.

Engineer B makes a judgment as to the competitive value of the informa-
tion A is requesting. If the information seems to him vital to his own firm’s
competitive position, B will not provide it. However, if it seems useful but not
crucial—and if A seems to be a potentially useful and appropriately knowl-
edgeable expert who may be of future value to B—then B will answer the
request as well as he can and/or refer A to other experts. B may go to
considerable lengths to help A: for example, B may run a special simulation
on his firm’s computer system for A. At the same time, A realizes that in
asking for, and accepting, B’s help, he is incurring an obligation to provide
similar help to B—or to another referred by B—at some future time. No
explicit accounting of favors given and received is kept, I find, but the obliga-
tion to return a favor seems strongly felt by recipients—* . . . a gift always
looks for recompense.”!

Informal know-how trading can occur between firms that do and do not
directly compete. Informal but extensive trading of information with competi-
tive value between direct competitors is perhaps the most interesting case,
however, because if we can explain that phenomenon, we can more easily
explain trading with less competitive impact. Therefore, I focus much of the
ensuing data and discussion on the case of informal know-how trading be-
tween direct competitors.

Case Study: Informal Trading of Proprietary Process
Know-how Between U.S. Steel Minimill Producers

To date, my data on informal know-how trading between competitors are
most complete in the instance of process know-how trading in the U.S. steel
minimill industry. I offer this data here as an existence test of the phenome-
non and as a means of conveying its flavor.

Minimills, unlike integrated steel plants, do not produce steel from iron
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TaBLE 6-1. U.S. Steel Minimill Sample

Melt Capacity®
Steel Minimill Firm (tons per year, 000)
Four largest firms
Chaparral, Midllothian, Texas 1400
Florida Steel, Tampa 1578
North Star, Salt Lake City, Utah 2300
Nucor, Charlotte, North Carolina 2000
Other (randomly selected)
Bayou Steel, LaPlace, Louisiana 650
Cascade Steel Rolling Mills, McMinnville, Oregon 250
Charter Electric Melting, Chicago, Illinois 130
Kentucky Electric Steel, Ashland 280
Marathon Steel, Tempe, Arizona® 185
Raritan River Steel, Perth Amboy, New Jersey 500

Specially selected outlier
Quanex, Houston, Texas

2Source: Nemeth, “Mini-Midi Mills,” Table 1, pp. 30-34.
bFirm closed in July 1985.

ore. Rather, they begin with steel scrap that they melt in an electric arc
furnace. Then, they adjust the chemistry of the molten steel, cast it in continu-
ous casters, and roll it into steel shapes. Modern facilities and relatively low
labor, capital, and materials costs have enabled U.S. steel minimill firms to
compete extremely effectively against the major integrated U.S. steel produc-
ers in recent years. Indeed, they have essentially driven U.S. integrated pro-
ducers out of the market for many commodity products.

There are approximately 60 steel minimill plants (and approximately 40
producers) in the United States today.? The most productive of these have
surpassed their Japanese competitors in terms of tons of steel per labor-hour
input, and they are regarded as among the world leaders in this process.

Methods

The sample of minimills I studied is a subset of a recent listing of U.S. firms
with one or more minimill plants.? I selected the four firms with the largest
annual molten steel production capacity (melt capacity) from this list and then
added six others selected at random from the same list. Later, some inter-
viewees in these firms suggested that I also study Quanex Corporation be-
cause it was viewed as an industry outlier in terms of trading behavior; so I
also added this firm. All firms included in the study sample are identified in
Table 6-1.

Interviews were conducted with plant managers and other managers with
direct knowledge of manufacturing and manufacturing process engineering at
each firm in the study sample. The questioning, mostly conducted by tele-
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TABLE 6-2. Know-how Trading Patterns

In-house Process Know-how
Steel Minimill Firm Development Trade
Four largest firms
Chaparral Major Yes
Florida Steel Minor Yes
North Star Minor Yes
Nucor Major Yes
Other
Bayou Steel Minor Yes
Cascade Steel Rolling Mills Minor Yes
Charter Electric Melting Minor Yes
Kentucky Electric Steel Minor Yes
Marathon Steel Minor Yes
Raritan River Steel Minor Yes
Quanex Minor No

phone, was focused by an interview guide and addressed two areas primarily:
(1) Has your firm/does your firm develop proprietary know-how that would
be of interest to competitors? If so, give concrete examples of process or
product improvements you have developed and some estimate of their value.
(2) Do you trade proprietary know-how with competitors? With whom? Do
you hold anything back? What? Why? Give concrete examples.

The source of major, well-known innovations claimed by interviewees was
cross-checked by asking interviewees in several firms, “Which firm developed
x?” The accuracy of self-reported trading behavior could not be so checked. I,
nevertheless, have confidence in the pattern found because interviewees in all
but one of the sampled firms provided independent, detailed discussions of
very similar trading behavior.

Results

Personnel at all firms except Quanex (selected for study specifically because
its behavior differed from the norm) did report routinely trading proprietary
process know-how—sometimes with rivals.

Interestingly, reported know-how trading often appeared to go far beyond
an arm’s-length exchange of data at conferences. Interviewees reported that,
sometimes, workers of competing firms were trained (at no charge), firm
personnel were sent to competing facilities to help set up unfamiliar equip-
ment, and so on.

Of course, the firms that report informal know-how trading with competi-
tors in Table 6-2 do not trade with every competitor and do not necessarily
trade with each other. (The interviewed firms differ widely in technical accom-
plishment and, as we will see later, a firm will only offer to trade valuable
know-how with those who can reciprocate in kind.)
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TABLE 6-3. Minimill Costs per Ton (Wire Rod, 1981)?

Cost Category $ per Ton Percentage of Total
Labor $60 21%

Steel scrap 93 33

Energy 45 16

Other operating® 65 23

TOTAL OPERATING $263

Depreciation 11 4

Interest 7 2
Miscellaneous tax 3 1

TOTAL COSTS¢ $284 100

aSource: Barnett and Schorsch, Steel: Upheaval in a Basic Industry, Table 4-3, p. 95.
bIncludes alloying agents, refractories, rolls, and so on.
°Excluding any return on equity.

Before turning to consider why the trading of proprietary process know-
how occurs in the steel minimill industry, let me examine that behavior in
more detail under three headings: (1) Did minimills studied in fact develop/
have proprietary process know-how of potential value to rivals? (2) Did firms
possessing know-how trade with rivals? (3) Was know-how in fact traded, as
opposed to simply revealed without expectation of a return of similarly valu-
able know-how?

Valuable Know-how?

Since many minimill products are commodities, it is logical that process inno-
vations that save production costs will be of significant value to innovating
firms and of significant interest to competitors. Barnett and Schorsch* report
U.S. minimill 1981 costs to manufacture wire rod (a reasonably representative
commodity minimill product) to be as shown in Table 6-3.

On the basis of Table 6—3 data, it seems reasonable that all minimills would
have a keen interest in know-how that would reduce their labor and/or energy
costs. And, indeed, all those interviewed reported making in-house improve-
ments to methods or equipment in order to reduce these costs. In addition,
some reported making process innovations that increased the range of prod-
ucts they could produce.

Nucor and Chaparral conduct major and continuing in-house process devel-
opment efforts (conducted, interestingly, by their production groups rather
than by separate R & D departments). Thus, Nucor is now investing millions
in a process to continuously cast thin slabs of steel. If successful, this process
will allow minimills to produce wide shapes as well as narrow ones and also
will perhaps double the size of the market open to minimill producers—an
advance of tremendous value to the industry.

The in-house know-how development efforts of other interviewed minimills
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are much less ambitious, consisting mainly of relatively small refinements in
process equipment and technique. For example, one firm is experimenting
with a water-cooled furnace roof that is more horizontal (has less pitch) than
that of competitors. (The effect of the flatter furnace roof is expected to be
increased clearance and faster furnace loading times, a cost advantage.) Other
firms develop modified rollers for their rolling mills that allow them to make
better or different steel shapes, and so forth. Although many such process
refinements have only a small individual impact on production costs, their
collective impact can be large.>

In sum, then, most steel minimill firms do appear to develop proprietary
know-how that would be of significant value to at least some rivals.

Rivals?

Our next question is: Are steel minimill firms that trade know-how really
rivals (direct competitors)? If they are not, of course, the know-how trading
behavior we observe becomes more easily explicable: Noncompetitors cannot
turn traded proprietary know-how to one’s direct disadvantage. *

Many minimills do compete with each other today, although this was not
always the case. When minimills began to emerge in the late 1950s to late
1960s, they were usually located in smaller regional markets and were pro-
tected by transportation costs from severe competition with other minimills.
Today, however, there are many minimill firms and significant competition
between neighboring plants. In addition, the production capacity of minimill
plants has steadily increased and the larger facilities “define their markets as
widely as do integrated [steel mill] facilities.”s

Some minimill interviewees report that they do trade know-how with per-
sonnel from directly competing plants. Others report that they try to avoid
direct transfer to rivals, but they are aware that they cannot control indirect
transfer. (Since traders cannot control the behavior of those who acquire their
information, the noncompeting firms they select to trade with may later trans-
fer that information to competitors.)

Is It Really Trading?

Proprietary know-how is only a subject for trading if free diffusion can be
prevented. Therefore, I asked interviewees: Could the proprietary know-how
you develop in-house be kept secret if you wanted to do this?

In the instance of know-how embodied in equipment visible in a plant tour,
free diffusion was considered hard to prevent. Many people visit minimill
plants. Members of steelmaking associations visit by invitation, and associa-
tion members include competitors. In principle, such visits could be pre-
vented, but the value of doing so is unclear since two other categories of
visitors could not be as easily excluded. First, suppliers of process equipment

*Firms that produce identical products may not be rivals for many reasons. For example, firms
may be restricted to a regional market by the economics of transport (as with liquified industrial
gases or fresh milk products) or by regulation (as with banks and utilities).
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often visit plants for reasons ranging from sales to repair to advice. They are
expert at detecting equipment modification and are quick to diffuse informa-
tion around the industry. Second, customers often request plant tours in order
to assure themselves of product quality and may notice and/or request infor-
mation on process changes.

On the other hand, interviewees seem to believe that they can effectively
restrict access to know-how if they really want to, and there is evidence for
this on a general level. Thus, Nucor and Chaparral both attempt to exert some
control over their process innovations, and interviewees at other firms think
they have some success. Quanex does not allow plant visits at all and feels it
effectively protects its know-how thereby.

Data on this matter are also available at the level of specific innovations,
although I have not yet collected them systematically. As an example, how-
ever, a firm with a policy of being generally open reported that it nevertheless
was able to successfully restrict access to a minor rolling innovation for several
years. That firm reported gaining an “extra” $140/ton because it was the only
‘minimill able to roll a particular shape desired by some customers. It appar-
ently only lost control of its innovation when production people explained it
to a competitor at a Bar Mill Association meeting.

Interviewees, including top management, were aware of know-how ex-
change patterns in their industry and emphasized that they were not giving
know-how away—they were consciously trading information whose value they
recognized. Thus, Bayou Steel: “How much is exchanged depends on what
the other guy knows—must be reciprocal.” Chaparral: “If they don’t let us in
[to their plant] we won’t let them in [to ours]—must be reciprocal.” These
statements are convincing to-me because most interviewees who did engage in
information exchange had clearly thought about whom to trade with and why.
When asked, they were able to go into considerable detail about the types of
firms they did and did not deal with and why dealing with a given firm would
or would not involve a valuable two-way exchange of know-how.

Know-how trading in the steel minimill industry was not centrally con-
trolled beyond the provision of general guidelines by top management. Also,
no one was explicitly counting up the precise value of what was given or
received by a firm, and a simultaneous exchange of valuable information was
not insisted on. However, in an informal way, participants appeared to strive
to keep a balance in value given and received, without resorting to explicit
calculation. On average over many transactions a reasonable balance was
probably achieved, although individual errors in judgment are easy to cite.
(E.g., in the instance of the minor rolling innovation mentioned above, the
innovating firm’s sales department was furious when, in their view, engineer-
ing “simply gave” the unique process know-how and the associated monopoly
rents away.)

Quanex, the Exception

Quanex was the sole exception to the minimill trading norm I found. The firm
was not on the list of minimills I used to generate our sample, and I only
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became aware of it and its outlier status because I routinely asked each firm
interviewed if it knew of any firm whose trading behavior differed from its
own.

When contacted, Quanex explained its behavior by saying that, first, it did
not trade because it felt it had<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>