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It has been empiricaly observed that. in some industries
product users are the mo»t frequent sources of product innova-
tions while, in other incustries, product manufacturers are. |
hypothesize that such differences are caused by differences in
the ability of these two “functional” categories of innovators to
appropriate innovation benefit. | explore this hypothesis by
examining the real-world effectiveness of mechanisms (such as
pateats and lead time) used for the appropriation of innovation
benefit and the dependence of this effectiveness on the func-
tional relationship betw :en innovator and innovation.

1. Introduction

Empirical studies of the functional locus of
innovation, the variable modeled in this paper and
first studied by I’eck [1] categorize innovators in
terms of the furct'onal relationship via which they
derive benefit from the innovations they create.
Thus, if one is studying a sample of process ma-
chinery innovators, those wheo use the innovative
machinery in production would be groupsd in
terms of that functional relationship into a “‘user”
categorv, iunovators who benefit economically
from manufacturing the process machinery in-
novations grouped into a “manufacturer” cate-
gory, etc.

The functional locus of innovation has proven
very useful in innovation research because it is
reliably ineasurable and because it often displays
very strong differences between samples exarnined.
Thus. we see from table] that Berger [$] and
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Boyden [6] find that 100% of their sampics of,
respectively, engineering polymer innovations and
polymer additive innovations were developed by
manufacturers of these. In sharp contrast, Lionetta
[7] and von Hippe! [9] find users to be the develop-
ers of 35% and 68% respectively of the samples of
process machinery innovations whose antecedents
they investigated.

The striking differences empirically observed in
the fuactional locus of innovation are doubtless
function of several variables. In this paper, how-
ever, I explore the hypothesis that such differences
can be effectively modeled in terms of one variable
only: the different abilities of would-be innovators
holding different functional relationships to a given
innovat.on to appropriate benefit from that in-
novation.! More soecifically, I hypothesize that
the functional locus of innovatiocn can be effec-
tively modeled in terms of appropriability of in-
novation benefit if and as three conditions hold in
the real world, namely, would-be innovators: (1)
are not able to capture benefit from non-embodied
knowledge characterizing their innovations: (2) are
able to capture benefit from output-embodied
knowledge relating to their innovations; and (3)
ciffer significantly in their ability to capture be-
nefit from output-embodied innovation knowl-
edge. In the following sections of this paper I
identify and explore the real-world effectiveness of
mechanisms available to innovators for the ap-
propriation of innovation benefit, and provide a1
initial empirical test of the proposed model.

"Readers interested in a more general ciscussion of appropria-
bility of innovation benefit may wish to refer to key papers
by Arrow [10], Nelson [11], and Pakes and Schankerman [12.
in addition to the pioneering paper by Peck [1].
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Table 1

Empirical data on the functional source of commercialized industrial innovations

Study Nature of innovations and
sample selection criteria

Innovation developed ¢ by

n uUser (%) Mir (%) Otier (%)

Knight {2] Computer innovations 1944 -1962:

- system reaching new perfor- 143 25 75

mance high
- systems with radical structural 18 kK] 67
innovations (level 1)

Enos {3] Major petroleum processing innovations 7 43 14 43*h
Freeman (4] Chemical processes and process equipment available 810 70 30

for license, 1967
Berger [5) All engineering polymers developed in US ¢ 1955 6 6 100

with > 10 mm pounds produced in 1975
Bovden [6] Chemical additives for plastics: all plasticizers and 16 0 10

UV stabilizers developed post World War 11 for use

with four major polymers
Lionetta {7] All pultrusion processing machinery innovations first 9 89 11

introduced commerciaily 194--1976 which offered

users a major increment in furctional utility
von Hippel (8] Scientific instrument innovaticns:

- first of type (e.g first NMR) 4 g 0

- major functional improvements 44 ]2 18

- minor functional improvements 63 70 30
von Hippel [9] Semiconductor and electronic subassembly

manufacturing equipment.

- first of type used in commercial production 7 100 \]

- major functional improvements 2 63 21 l6*

- minor functional improvements 20 59 29 12

UnCito 1prc

&

Attributior of an innovation to a user or manufacturer “developer™ is determined by which of these fiest builds and utilizes the

innovation in conforruance with his economic function. Thus, attribution to a user source s made if @ user buillds and wses an
innovation before a manufacturer buiids and sclls a commercial version. And conversely, attribution to a manufacturer source i
made if a manufacture r builds and sells a commercial version of an mnovation before a user bu:lds and uses a home-w de version.

NA data excluded from percentage.

k4

Attributed to joint user-manufacturer innovation projects.

2. The ability to predict the functional locus of
innovation as a function of the appropriability of
innovation-related benefit

The econcemic benefits which an innovator might
obtain from his innovation can be segregated into
two mutually exclusive and jointly cxhaustive calte-
gries: (1) bencfit from “output-embodied™ knowl-
edge and (2) benefit from non-embodied knowl-
edge. Benefit from output-embodied knowledge is
obtained by an tnnovator via in-house use of his
innovation in his product and /or process and the
consequent embodiment of its value in the output
of his firm. Benelit from non-embodied knowledge
is obtained by an innovator from the salz or

Attributed to independient inventors/inven.ion development companies.

licensing of non-embodied knowledge regarding
his innovation to others. Let us consider whether
we would logically expect to be able to predict the
functional locus of innovation - i.e. the functional
relationship of innovator to innovaiion - under
cach of two extreme cases regarding the ability of
an innovator to capture benefit from his innova-
ton:

Case 1 Total ability to capture benefit from out-
put-embodied knowledge and total ability
to capture benefit from non-embodied
knowledge.

Case 2 Total ability to capture benefit from out-
put-embodied knowledge but no or only an



E. von Hippel

imperfect ability to capture benefit from
non-embodied knowledge.

2.1. Predictioas regarding the functional locus of
innovation under case 1 conditions

costlessly enforceable property rights to his in-
novation, i.e. if. without cost to himself. he can
totally control its diffusion and capture benefit
from innovauion users, manufaciurers, and others

R LAYTE, o +
to the point where adoption becomes a matter of

indifference to them, then the benefits capturable
by an innov:tor would be the same no matter
what his own functional relationship to the in-
novation at issue. Thus, under case 1 conditions
we can make no prediction regarding the func-
tional locus of innovation on the basis of ap-
propriability of benefit considerations.

The reasoning behind the above conclusion is
that costless  enforcement of property rights would
allow any innovator to set the fees charged to each
innovation beneficiary, and each class of benefi-
ciaries, so as to attain the maximum return. The
role which thz innovator himself happens to play
with regard to the ianovation - user. manufac-
turer, etc. - does not influence his fee-setting
decision beczuse he is equally able to capture
innovation r¢turns from his own c~mpany and
other comparies. This being so. he has no incen-
tive (o conceatrate benefits in his own compuny
even if the direct return from the particular in-
novation can be “leveraged”* by its user to creats
larger ““other returns™ over time.

If we assume that an innovator has “perfect”,

“If the above-cescribed inability to predict the locus of in-
aovation unde: case | conditions is 1o hold, costless enforce-
ment of property rights 1s required for the following reasor.
stnce marketirg of an innovation and enforcement of pay-
ment can be veasonably assumed to be costless for un in-
novating firm when it captures output-embodied benefit by
utthzing the nnovation knowledge n 1l own processes
and, or produts, nen-costless markeung of an enforcement
of pavments for use of innovation knowledge by other fins
would create a differentiad between bene’it attamable from
n-house and external use «{ the innovation and generate a
peeference for the former. This in turn would allow an
incremental b:nefit from the same innovation to accrue to
those innovat>rs wiih a larger in-house use for it - ind
create a differential incentive to inncvate as a function of
locus of innovation.

'Suppose, for cxample, that a mnor cos.-reducing process
innovation we ‘e made available 1o one of several manufac-
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2.2, Predictions regarding the functional locus of

inncvation under case 2 conditions

Under case 2 conditions we assume that: (1) the
innovator has temporary monopoly power over the
innovation information embodied in his output
and thus is able to capture significant benefit from
embodying that knowledge in the output of his
firm; and (2) the innovator has no or only a very
imperfect ability to capture benefit from diffusing
non-embodied information regarding his innova-

an tha son

tinn ta nthoere Facad with thic ¢ 1
ins ion, Ui &Co-

nomically rational firm, s:eking to maximize its
Joint retarn from output-e¢r.ibodied knowledge anc
non-embodied knowledge. ~ould wish to move tc
a greater reliance on embo.dying its knowledge in
output. If firms differ in their abiliny to embody
innovation knowledge in taeir output, they will
also clearly differ in their ahility to benefit from a
given innovation and therefore in their economi-
cally rational willingness to invest the resources
required to innovate. This, in turn. will allow us to
predict the functional locus of innovation when
and if the differences in ability to appropriate
benefit from output-embodied innovaticn knowl-
cdge are large encugh to be obserrable under
real-world conditions.

Whether or not and to what degree each of
there conditions does in fact accurately descrive
the real world is an empirical matter which 1 will
take up in the following sections of this paper. A
simple example of the predictive power regarding
the locus of innovation which we will acquire
where these conditions do hold, however, can be
seen in the follewing: Given case 2 conditions an
independent inventor is much less likely to invent
than are would-be innovators with other func-
tional relationships to the innovation opportunity.

turers of a4 commodity with prestously equal manafacturing
costs, financial resources, ete. If further innevations or other
chunges did not intervene. the commodity producer benefit-
trg from the innovanon could m prinaple increase his
market share as a consequence of imnovation and thus “lever
ags" the direci benefits of the innovation, perhaps manyfold.
But note that, even under such a set of circumstances, the
innovator has no incentive to prefer to increase or decrease
the market share of his own company relative to that of his
co npetitors because he can. given perfect information. aiso
charge the benefiting company for such second (and nth)
order benefits arising from the innovation up to the point of
indifference,
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because an independent inventor has only non-em-
bodied knowledge to sell.

3. Real-world abiiity of innovators to appropriate
benefit from non-embodied innovation knowledge

In section 2 it was concluded that, if we were to
be able to model the functional locus of innova-
tion as a function of tae appropriability of innova-
tion benefit, innovators should not be able to
effectively capture b nefit from the licensing or
sale of non-embodied knowledge regarding their
innovation to others. Only two benefit capture
mechanisms currently exist in the Unuited States
which allow innovators the possibility of capturing
berefit from non-embndied innovation knowl-
edge: (1) patent legislation (federal) allows an
innovator to charge others for using freely avail-
able information published in his patent; and (2)
trade secret legislation (state) allows an innovator
to license 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 gocd on the marketplace. (Both of
these mechanisms can also be used to capture
benefit from output-embodied innovation knowl-
edge. and we explore their effectiveness in this
regard in section 4.2 below.)

3.1. Patent legislation as a mechanism for capturing
denefit from non-embodied innovation knowledge

A patent grants an inventor the right to exclude
others from the use of his invention 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 inven-
tor raust disclosz the invention to the public at the
time of the paient’s issue. This disclosure, con-
tained in the patent itself, must be sufficiently
detailed so that those ‘“ordinarily skilled in the
art” may copy and utilize the invention after the
pateat’s expiration. While considerable informa-
tion exists on the number of patents acquired by
various firms and industries over time and on the
various correlations between such “patent rates™,
firm size, R&D expenditures, and similar vari-
ables. very little information exists on the real-
world effect of a patent grant on an inventor's
ability to gain benefit from the non-embodied

knowledge characterizing his invention {13]. I re-
view the available empirical data below.

Evidence of a patent system’s effectiveness as a
mechanism for allowing the capture of benefit
from non-embodied innovation knowledge and /or
benefit from output-embodied innovation knowl-
edge can be seen in its inf{luence on an innovator’s
willingness to invest in research and development,
while evidence of its effectiveness in allowing ben-
efit capture from non-embodied knowledge only
can be seen via data on license agreements and
related payments. A recent study by Taylor and
Silbertson [14] provides both types of evidence.*
Evidence regarding the effect of patent orotection
on an innovator’s willingness to invest in R&D
was obtained via a questionnaire (*Form B™) which
asked: “Approximately what proportion of your
R&D in recent years would not have been carried
out if you had not been able to patent any result-
ing discoveries?” [16]. The data derived from this
question are shown in table 2. Note that 24 of the
32 returns indicate that only 5% or less of recent
R&D expenditures would not have been under-
taken if patent protection had not been available
[17].

A direct measure of the ability to capture bene-
fit from non-embodied innovation knowledge af-
forded to innovators by patents may be obtained

4Taylor and Silberston examined the impac' of British and
foreign patents on a sample of 44 British and multinational
firms involved in five broad “classes™ of industrial activity:
chemicals (including pharmaceuticals and netrochemicals);
oil refining; electrical engineering (including electronies);
mechanical engineering: and man-made ibers. Approxi-
mately 150 firms were invited to join the study. Coded as
being in one of the five specified classes, they were selected
from a “comprehensive list of UK. quoted companies™ on
the basis of their net assets in 1960: In each class all
companies showing net assests in excess of 10 million pounds
in 1960 were selected, and every seventh company of the
remainder was selected from a list tabulated in ascending
order of net assets in 1960, Finally, “some additions were
made to take account of mergers and acquisitions and o
include unquoted companies™. Eventually “just over 100"
firms responded to the letter of invitation. Sixty-five ex-
pressed interest, but “some twenty of these indicated that
palents were a very minor aspect of their operations and
were firmly believed 1o have no sign.icance on  the
business... this left 44 firms which agreed to participate in
the inquiry™ [15]. Of these. 39 ultimately agreed to par-
ticipate fully and fill out the detailed questionnaires provided
by the authors, while the remaining 14 agreed to provide
more limited information and to be inteiviewed.
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Table 2
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Estimated proportions of R&D expenditure dependent on pitent protection: twenty-seven responding companies *

Industry Estumate of R&D affecteq © -
None or Very little Some Substantial ) Total B
negligible (less than 5%) (5-20%) (over 20%) returns
Number of returns

Chemicals:

- Finished and speciality 1 2 1 3 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 engincening 7 1 0 0 &

Total 17 7 i 6 32

Percentage of returns $3% 2% % 19% 100%

* Table redrawn from Tavior and Silberstor [22. wble 9 1. p. 107}

h . - X . .
Percentages refer to the estimated reduction in annual R&D expenditure in recent vears that would have been cepe.ienced, had

patent monopolies not been available.
¢ Some companies made cturns for more than one activity.

by looking at licensing cost and benefit data. To
the extent that an effective patert monopoly is
provided to an innovator. he mght choose to
exercise it by a policy: (1) excludiag all compei-
tors: (2) selectively licensing some applicants: or
(3) licensing all applicants for a rovalty and/or
other consideration. If the innovitor chooses 1o
reap benefit from .aon-embodied innovation
knowledge via his patent monopoly by use of
policy option (3). licensing all comers, diffusion of
the innovation may be assumed freely to occur
and the maximum value of benefit from non-em-
bodied knowledge capturable by the innovator via
the patent mechanism can be approximately repre-
sented by licensing fees and,’or other c¢onsidera-
tions received minus patenting and licensing costs
incurred by “he innovating firm. In the event, most
firms studied by Taylor and Silberston claimed to
he following policy option (3). a policy of licensiag
all “responsible™ applicants, rather than options
(D) or (2). Indeed. the authors ote, “we were
repeatedly assured that the main sroblem for the
licensing department is to interest repuiable firms
in taking licenses rather than dissuading them
from doing so, and many licensing specialists to
whom we talked were plainlv puvzled that their
task might »e seen in the latter rather than tne
for:aer light” [18]. Patent-related cost and benefit

data provided by Taylor and Silberston’s “main
sample” of 30 firms will be found summarized in
table 3.

Taken together, tables 2 and 3 suggest that,
except in the pharmaceutical field (for particular
reasons noted in footnote 9 below). firms do not
find the natent grant to be of significant benefit.”

A study performed by a group of candidates for the Master's
Degree at Harvard Business School |19] also contains some
informa‘ion on the value of patents to firms which hold
them. A questionnaire was pilot tested, modified, and then
sent out to a sample of 266 firms known to hold a relatively
large number of patents [20). Sixty-nine of the questionnaires
(26%) were completed and returned in time to be included in
the study’s analy:is phase. All but four of these respondents
held more than 100 patents and collectively they ‘“‘held
approximately 42500 patents, or :bout 13.5% of all the
unexpired U.S. pi tents held by doinestic corporations at the
end of 1956™ [21]. One of the que:tions attempted to de-
termine the impe stance of patents to firms by asking the
“executive respon ible for technical change” to “please state
briefly the importince of patents to the company”. Thirty-
seven responded 12 a manner which the students felt they
would clearly categorize as follows: “very important™, &
“some importance”. 14; “not very important™, 15 [22]. While,
unfortunately. neither the question nor the coding categories
used are clear on what interviewers or interviewees meant by
“important”, we find the results suggestive in light of the
Taylor ard Silberston data: 40% of a sample of interviewees
from companies selected because they patent a great dea’ felt
that patents are “not very important to their companies™.
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Table 3

Relationship of 1968 patent expenditures to 1968 pateni-related receipts in Taylor and Silberston “main sample™ of thirty companies

{14]

Industry 1 2 3 4 5
1968 UK license 1968 UK patent- 1968 R&D 1968 license receipts 1968 license
and royalty ing and licensing  expenditures in as % of R&D receipts
receipts ? expenditures ® UK ¢ expenditures plus as % of 1968
£ (million) £ (million) £ (million) patenting and licens- UK sales
ing expenditures col. 1
(cols. 1 —[2-+3] note d
Chemicals
- Pharmacauticals 37 NA 7.1 NA 6
- Other finished
and speciality 0.2 NA 10.1 0.04
- Basic 24 NA 33 NA 1
Total chemicals 6.3 0.99 20.5 29 1.1
Mechanical
engineering 1.4 7.3 18 04
Man-made fibers 0.7 0.37 7.6 9 0.2
Electrical engineering 23 0.65 50.5 4 0.3

Except as noted in a-d below, data in all columns wzre derived from the same set of companies. N.B. that Taylor and Silberston have
not logged patent and R&D expenditures data relative to receipt data on licensing, royalty, and sales. A/ table 2 data are for 1968.
“# Source: Taylor and Silberston, table 8.7, p. 164. (T&S rote that data from oil companies in sample and *one large electrical™ group

are excluded from table 8.7.)

" Source: Taylor ard Silberston, table 6.4, p. 109. (T&S note that data from oil companies are excluded from table 6.4.)

¢ Source: Taylor and Silberston, table 8.1, col. 2, p. 10°. I have excluded oil company data from basic chemical category to make this
data base more compatitic with table 6.4. T&S offer more aggregated R&D expenditure data in table 6.4, whose magnitudes deviate
from those shown in table 8.1 by 20-40%. These discrepancies are unexplained, but our uses of that data are not sensitive to

corrections of this magnitude.
4 Source: Taylor ard Silberston, table 8.1, col. 4, p. 145,

This finding has emerged in the face of thiee study
clements which would tend to raise the level of
benefit shown: (1) the authors noted in their dis-
cussion of sample selection (see footnote 4 outlin-
inz the study methodology) that firms which did
nct feel that patents significantly affected them
tended to decline to join the study sample; (2) the
authors noted that, “to avoid understating the
impacts of patents”, they chose to “err on the high
side” [18] in their acquisition of data for table 1;
(3) the authors also noted that the license agree-
ments which resulted in the costs and benefiis
shown in table 2 involved the transfer of and pay-
ment for valuable unpatented “know-how” in ad-
dition to the transfer of information protected by
patents and that “this may result in some over-
statement of the true payment for patent licenses
themselves”. Note, however, that some understate-
ment of real benefits may also be present because
remissions of any non-monetary benefits (¢ g.

cross-licensing) are omitted from :able 2 [23].
Another study whose data can be used to assess
the possible benefits from non-embodied knowl-
edge that corporations reap through licensing of
their patents was conducted by Wilson [24] who
reports data on royalty payments submitted by
some U.S. corporations to the U.S. Securities and
Exchange Commission in 1971 on Form 10K.®

®In 1971 firms wre required to report royalty payments if they
were “material” with the precise interpretation of that term
being left up to individual firms. Focusing on the Fortuae
listing of the 1000 largest manufacturing corporations in
1971; Wilson found that 518 had considered their royalty
receipts “material” enough to report to the SEC. Since he
was interested only in royalty payments for “‘technology
licenses™, he used various means to detect and winnow from
the sample firms which reported royalty payments for such
things as trademarks, copyrighis, and mineral rights [25]. The
end result of this process was a sample of 350 royalty figure:
for 1971 which Wilson felt were largely or entirely paymerts
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Table 4
Wilson and Taylor- Silberston royalty pavmeat data compared
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Industry Wilson {24] Taylor ana Silberston [ 14)
(1971 US data) (1968 UK data)
% of US sales Royalties paid Royalties paid “Industrial
by firms in as % of firm as % of firm activity™
sample ¢ 1971 sales ® 1968 sales ©
Chemicals Chemicals
- Industrial 76.4 0.244 0.042 - Basic
- Drug 728 0.745 0.635 - Pharmaceuticals
- Other S14 0.034 2).044 - Other finished and speciality
Machinery 40.2 0.051 0.255 Mechanical engineering
Electrical 40.5 0.13 0.182 Electrical enginecring

& Source: Wilson [24. table 12, p. 169]. Note that the data presented here are computed from Wilson's sample of 350 roya .y reports,
not his larger sample comprised of these reports plus estimated data.

* Source: Royalty und license fee expenditures data from Tavlor and Silberston [14]. table 8.7. col. 3, p. 164, sales data fr .in table 8.1,
col. 4, p. 145, (Petrochemicals have been removed from the basic chemicals category of table 8.1 to make this caiegory compatble

with the equivalent category of table 8.7.)

The reader will find Wilson's data for the SIC
categories apparently most similar to the “in-
dustrial activity classes™ examined by Taylor and
Silberston compared in table 4.

Even though derived from a different source
and country. the Wilson data have magnitudes
quite similar to the Taylor and Silberston data.
While unfortunately the table 4 data are for rcyalty
payments rather than receipts (the Wilson data
providing information on payments only). it is
likely that the bulk of technical agreements would
be between firms in the same industrr.” If so, it
would follow that the low magnitude of royalty
paymen:s in the Wilson data implies that royalty

for “technical agreements”, a term he does not define, but
which resumably includes both patent and techmeal know-
how-related payments. The responses of these 350 firms were
then aggregated ander appropeiate 2 and 3 digit SIC codes™
taot given) and Jisplaved in tabular form. (Wilson used the
250 reporis of corporate royalty p: “ments to develop esti-
mates of rovalty puymem%‘lo all mumbers of the industries
he studied, and then compared these estimates with
industry-level data on corporate R&D expenditures collected
bv the National Science Foundation. As I find Wilson's
esimating procedures inappropnate for our purposes here. |
use only the direct company report data he provides.)

"This point is never explicitly examined. but is apparently
assumed in Tavlor and Silberston [14]. See especially the
in-depth studies of Pharmaceuticals, Basic Chemicals, and
E'ectronics in that source.

receipts would also be found low in the industries
sampled. This would be in line with the Taylor
and Silberston data indicating that the benefit
captured by innovators from the sale of non-em-
bodied knowledge is indeed low in most industries.

The slim data base 1 have just reviewed indi-
cates that, in industry aggregate terms. innovators
do not capture much benefit from the sale of
non-embodied innovation knowledge via the patent
mechanism. Are these data congruent with “tests
»f reason” which one can apply to the matter? 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 applica-
tion prosecuted by a corporation is on the order of
$5.,000 today.* (Even this small cost is often not
very visible to corporate personnel deciding on a
patent application “purchase” because it is typi-
cally subsumed within the overall cost of operating
a corporate patent department.)

*In 1961 the Commissioner of Patents repc rted the cost of an
average patent application prosecuted by a corporation to be
$1.000 to $2.500. and the cost of a single zpplication pros-
ecuted by an attornev for an individual to be $680 [26]. My
own recent conversations with several corporate patent attor-
nevs vielded an estimate that the “average patent application
prosecuted by a corporation” currently costs on the order of
$5.000.
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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 rea-
sonable in the light of what is known ¢ conclude
that the patent grant is likely tc offer little benefit
to its holder? Consider tii¢ foiiowing three points.

(1) It is important to note that a patent, if
valid. gives a patentee the right to exclude others
from using his invention, tut it does not give him
the right to use it himself if such a use would
infringe the patents of others. For example,
Fairchild has a patent on the so-called planar
process, an important process invent on used in
the manufacture of integraied circuits, If firm B
invents and patents an improvement on that pro-
cess, it may not use its improvement invention
without licensing the planar process from Fairchild
an:! Fairchild may not use the improvement either
w.trout licensing it from firm B. Thus, in rapidly
duveloping 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
pat:nts. Given this eventuality, the benefit of a
par icular patent to an inventor would very proba-
bly be diminished because he might be prevented
fromn using his own invention or he might be
forced to cross-license competitors holding related
pat:nts in order to practice his invention.

(2% The patent system places the burden on the
pat:ntee of detecting an infringer and suing for
red -ess. Such suits are notoriously long and expen-
sive and both defendants and plaintiffs tend to
avcid them assiduously. For the defendant the
best outcome in recompense for all his time and
expense is judicial sanction to continue this alleged
inf-ingement, while the worst outcome would in-
volve the payment of possibly considerable penal-
tiet. Fcr the plaintiff the likelihood that a court
will hold a pdtent valld and mfrmged - as op-

orucr ul vne to xhree [27]. If a patentee has licen-
sees 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 ii 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 notable cases. determined compet-
itors cculd not, in fact, invent around the means
patented by the inventor. In most instances and in
most fields, however, 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 made
above may be applied to provide a very reasonable
explanation for the relatively low benefit from
non-embodied knowledge which we have found
innovators in most fields obtaining via the patent
grant.’ Thus, in sum, we see via both data and test

>As an example, consider the application of these observa-
tions to the value of patents obtained in the field of semicon-
ductor electronics.
The semiconductor field is currently a very fast-moving one
in which many unexpired patents exist which address closely
related subject matter. The possible consequence - con-
firmed as actual by corporate patent attorneys for several US
semiconductor firms whom 1 interviewed - is that many
patantees 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. *he result of
the high likelihood of infringement accompan ing use of
one’s owa patented - or unpatented - technclogy is not
paralysis of the field. Rather, firms will in mo.t 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 the electronic components
field termed “a ungle”, and what one of my interviewees
termed a “Mexwwan 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. Since possibly germane patents and their associated
claims are so numerous, 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. while it is quite suve it is ne
infringing B, its examination shows that B is in fact probably
infringing A. The usual result is cross-licensing with a mod-
est 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 ments of
the particular case.
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Trade secrets, like paterts, can be used to cap-
ture benefit from non-embodied innovation

Thus, in the semiconductor field. except for a very few
patent packages which have been litigated, which have been
held valid, and which most firms license without protest
notably the Beil transistor patents and the Fairchild planar
process patents - the patent grant is worth verv little to
inventors whe obtain it. Inde:d. the one value suggested to
us - defense against the iniringement suits of others -
suggests that pe-haps the true net value of the patent system
to firms in the semiconducter industry is negative because it
require all to assume the overhead burden of defensive
patenting.

In sharp contrast to the situation pertaining in most cther
industries and the electronics field in particular, the patent
grant seems to confer significant henefit 1o 1nnovators in e
pharmaceutica! field. as indicated by lhe T'aylor-Silberston
and Wilson data discussed in tables 3 and 4. My own
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difficult to “invent around™ a pharmaceutical patent. Ph.:r-
maceutical patents can be unusually strorg because one may
patent an actual molecule found o have useful medical
properties and its analogs (in contrast to only the particular
means to a given end in other fields). One need not mak:
cuch al‘lalﬁg claimed, but can \llllpl)’ refer io hisis of recog-
nized functional equivalents for each component of the mole-
cule at issue. For example, if a molecule has ten important
component parts, one patent application might claim X plus
10 recogniz. 1 functional equivalents &f X for cach pait.
Obviously, by this means an inventor may laim millions of
specific moiecuies without actuaiiy having 1o synthesize more
than a few. Furthermore, demonstration that any of the
analogs so claimed does not display the medical properties
clarmed does not invalidate the patent.

Pharmaceutical patents are difficult to *“invent around™ be-
cause the meckanisms by which pharmuceuticals achieve
thewr medical eflects are usually rot well understood. Thus,
would-be imitators do not gain much insight by examining a

competitor’s patented molecule proven to pmducc a desired
medical effort. Eloguent testimony to this fact is provided by

the nharmaceuntical industrv’s research prac rice of gunlhpcu.

pharmacculicar InQusiry s researen

ing great numbars of molegule.s and “s¢ecning” these for
possible medical activity rather than syvatheazing only a few
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required for such prediction is seldom avatilable today.
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€
capturing bencfn from output-embodied innova-
tion knowlcdge wiit pe explored i seuion 4.2
below.) Traue secrets, also sometimes termed

“know-how™, typically refer to inventions and /or
3PS

knowledge which can be kept secrei even afier
development is completed and commercial exploi-

tation begun. The possessor of a trade secret has
an indefinite period of exclusive use of his inven-
tion or discovery. Trade secret legislation allows
him to keep the information entirely secret or to
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the secret is revealed in exchange for a fee or other

consideration and a commitment to keep the infor-

mation secret. A trade secret possessor may take

legal slcps prevcnt its use by others if they can
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be shown to have discovered the secrei tnrougn
L!‘!fi!i!‘ and dishonest means such as theft or breach
of a contract promising to keep it secret.

A legally protectable monopoly of indefinite
dwa(inn would appear to make trade secrecy a
sctive mechanism f va-
tion hoenefit, 1t is, however for
innovations which can in fact be kept secret since
the holder of a trade secret cannot exclude anyone
whi» independently discovers it or who legally
acquires the secret by such means as accidental
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trac secrets hav e proven to be effective only with
regard to product innovations incorporating vari-
ous technological barriers to analysis, or with re-
ga rd to process innovations which can be hidden

re are, in the first instance, certain innova-
tions embodled in products which, while sold in
the open market and thus available for detanled
mspuuon hy would be imitators, m:
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simply have to raise enough of a barrier in a given
case 1o create an unattractive cost benefit equation
for would-be imitators in that case.

In the second instance, process innovations such
as novel catalysts or process equipment can be
srotected efiectively as trade secrets. whether or
not they could be “reverse engineered” by a
would-be imitator allowed to examine them, sim-
ply because they can be exploited commercially
while shielded from such examination behind fac-
tory 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, and even those trade secrets which
are revealed 10 others to obtain benefits from
non-embodied innovation knowledge, the subset
of interest to us here, are contained in private
contracts which do not usually appear on any
public record unless litigated [29]. While some
examples exis: of major benefits from non-em-
bodizd knowl::dge being reaped by innovators via
licensing of frade secrets [30]. 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 in-
novations which are not commercially exploitable
while concealed behind factory walls and which
are amenable to reverse engineering if accessible to
inspection by imitators — and these considerations
apply to many industries and many innovations.
Second. a trade secret licensor can only gain re-
dress under trade secret legislation if he can docu-
ment the specific illegal act which diffused his
innovation to unlicensed parties. A licensor finds
such specificity difficult to achieve if he seeks to
license non-embodied knowledge to many licen-
sees.

4. Real-world appropriability of benefit from out-
put-embodied innovation knowledge

In the previous section we found that an in-
novator's ability to appropriaie benefit from
non-embodied knowledge ‘s low in most in-
dustries. If this is so, then significant economic
reward, if any, must come primarily from the
innovator’s ability to appropriate benefit from
output-embodied kncwledge. The logical necessity
of this conclusion is clear - the two categories of

economic benefit are mutually exclusive and jointly
exhaustive.

The ability of an innovator or innovating firm
to capture benefit from output-embodied innova-
tion knowledge derives from its ability io establish
a quasi-monopoly position with respec: to that
innovation. I propose that two “levels™ of quasi-
monogpoly are germane: (1) quasi-monopoly which
an iimovation affords to the entire industry of
which the innovator is a member, and a portion of
which the innovator derives in accordance to his
“size”; and (2) quasi-monopoly which an innova-
tion affords to the single innovating firm relative
to other members of his industry. The ability to
capture benefit from output-embodied innovation
knowledge which these two levels of quasi-monop-
oly afford to firms is additive. I examine each, and
the mechanisms by which each is achieved. While
related empirical data are also explored in this
section, I have found it to be so sparse on the
issues addressed that the findings can best be seen
as suggestive. Research approaches discussed. on
the other hand, offer useful models for the addi-
tional empirical work required.

4.1. Benefit from output-embodied knowledge ap-
propriable by an innovating firm via creation of an
industrywide quasi-monopoly

I define an industry as made up of all firms
making products which are close substitutes (i.e.
have high cross-elasticity of demand). Firms in an
industry may share in an industrywide juasi-mo-
nopoly if significant barriers exist which deter free
entry to the industry by additional firmis. Exam-
ples of such barriers to industry entry are special-
ized facilities, specialized productien skills, and
speciulized sales forces, which are required for
functioning effectively in an indusiry, which are
possessed by firms already in that industry, but
which must be acquired by potential new entrants.

Barriers to industry entry by rew firms are
common but difficult to measure. Consider, as an
example, the barriers which face a f:rm which is a
member of an industry characterizad by a given
functional relationship to an innovation (e.g. an
industry which uses semiconductor process equip-
ment to make semiconductors) and which wishes
to jein an industry characterized by anodher func-
tional relationship to that innovation. (e.g. the in-
dustry which manufactures semiconductor proces:
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equipment). '’ These two types of firms are really
in very different businesses. Ezcn has a great deal
of know-how, organizational arrangements. and
capital equipment which is quite specialized to
build its existing products and to serve its existing
customer base Thus, the semiconducior manufac-
turer has a sales force which specializes in serving
semiconductor buvers. This force would be en-
tirely inappropriate for selling semiconductor pro-
cess equipment: the customers are different. the
sales techniques are different (samples of semicon-
ductor devices can be given out as a selling tech-
nique, but not samples of semiconductor process
equipment), and the specialized knowledge which
the salesman must have is completely different (a
salesman with an electrical engineering back-
ground can help customers with problems in
selecting and using semiconductor devices; a back-
ground in solid state physics would be consider-
ably more appropriate for a salesman trying to sell
the semiconductor process equipment used to grow
the ultrapure single silicon crystals used in semi-
conductor device manufacture).

If the sales. organizaticnal, and production in-
frastructure which & company uses to serve one
functional role relaticnship 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 innovator wishes to acquire
are typically allocated across many products (e.g. a
“line™ of process equipment or a “line” of semi-
conductor devices), the would-be new entrant must
develop/adopt /buy a similar line of product to
sell if he wishes to be economically competitive,

" Note that firn.. holding Jiffcrent functional relationsnips to
a given innovation are wdeed in different industries accord-
ing to the definision of “industry” cited previously, and that
1t s amportant to our nodel that barniers o entry exist
between these industnies. This is so because 1f 1t were easy.
for example, {for an wnovation product manufac urer to
become a product user ot a moment's notice should such a
course of action seein .o promise an increased ability to
capture beneiit from ihe innovation, we would onls be able
to predict the functional locus of innovation in a weak sense.
i.e. “the developer of ¥ ianovation will beconse a user™ rather
than able to make the stronger statement that “the developer
of x innovation will be a firta and . o- 1adividual which
currently 1s a member o1 the user commuinity™
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All these requirements, I suggest, represent signifi-
cant barriers to industry entry.

Where significant barriers to industry entry do
exist, an innovation made by one member of the
industrv can establish an industry-level quasi-mo-
nopoly with respect to that innovation which in
turn can allow the industry as a whole to increase
its rate of orofit and /or volume of sales and thus
reap benefit from output-embodied innovation
knowledge. As an example, consider an innovation
in plastics molding machinery made by a producer
of a commodity plastic such as polyethylene. As-
sume the innovation allows molders of plastic
items to significantly decrease their production
costs. Further assume, as is realistic, that machin-
ery innovation itself cannot be protected effec-
tively via patent or other means by the innovator
and that the machinc works equallv well using
polyethylene manufaciured by any supplier of
such. Under these circumstances adoption of the
innovation by molders might well increase demand
for polyzthylene more rapidly than supply could
respond (it takes many years to build a new poly-
ethylene plant) and the profits of all polyethylene
producers - molding innovation developer and
other producers alike — would then rise in propor-
tion to their market share for polyethylene.

The assumptions embedded in the above ma-
chine innovation example - that the innovator has
no ability to control or benefit from the diffusion
of 1on-embodied knowledge regarding his innova-
tion, and that the innovation benefit is instantly
distributed to all competitors currently in the in-
dustry (i.e. increased profits on polyethylene are
afforded to the innovating and non-innovating
polyethylene producers simultaneously) - are
equivalent to assuming the innovation to be a
privately financed collective good. This being the
case, the argument developed by Mancur Olson in
his The Logic of Collective Action [31] can be
applied to predict that the firm with the most to
gain from the innovation is the one most likely to

'Y {1 i important to note, however, that barriers to entryv to a
new industry (barriers to adding a new functiona! role with
respect o a given inn vatior) may be considerably reduced
if u firm does nor wan. t» make a full-scale entry into a new
industry but simply wants to vertically integrate and only
supply its own needs Thus, if a semiconductor process
machine user wishes to build a few units of an innovative
process machine for in-house use. it does not need a sales
force. an external field service force. nor a fuil line of
equipment in order to spread the cost of these.
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provide it to the group. (Firms holding any func-
tional refationship to a given innovation are group
members in Olson’s sense if their relationship al-
lows them the possibility of deriving output-cm-
bodied benefit from the innovation. The qualita-
tive nature of the output in which the innovation
benefit is embodied will differ, of course, in accor-
dance with the functional role relationship of group
member to inncvation. For example, if the process
equipment at issue is a plastics molding machine
capable of making parts more cheaply, an equip-
ment manufacturer’s benefit is embodied in sales
of the innovative molding machine; a plastic
supplier’s benefit is embodied in increased sales of
plastic molding material.)

When and if industry-level quasi-monopclies do
indeed provide significant benefits to would-be
innovators, we should be able to observe empiri-
cally a concentration of innovations among what
Olson terms the “larger” group members (quasi-
monopoly participants). At the moment the only
studvy I am aware of which offers an empirical
research model that could test this hypothesis is by
von Hippel [32]. 2 The study focuses on semicon-

12 The method by which market share data were acquired in the

study is fairly straightforward and is summarized in the notes
1w table 5. The method by which the sample of process
machinery innovations was selected involved. first, selecting
a subset of all process steps involved in each type of manu-
facture of silicon-based semiconductors. (Process steps and
innovations studied are explicity identified in von Hippel
[33]. table 1.) For each process step selected, the procuss
machinery (if any) used in the imstial commercial practice of
that step was identified and included in the sample. Next, all
subsequent improvements to process machinery for each step
which offered a major improvement in functional utility to
the user of such machinery (judged relative to previous best
practice used in commercial manufacture) were identified
and addzd to the sample. Finally an exhaustive list of process
machinery innovations which offered any increment 1n func-
tional utility to the user was collected for one randomly
selected process step and these made up a sample of minor
improvement innovations. All orocess equipment innova-
tions in the sample were successful in the sense of receiving
widespread use in their respective industries and becoming a
commercially viable industrial good manufactured for com-
mercial sal> by at least one (and usually several) process
equipment irms.
The “sourcc™ of each sampled innovation was determined via
literature s.arches and interviews with user and manufac-
turer persornel. An innovation “source”™ was the firm which
developed ¢nd buil the first unit of equipment embodying
the inncvat:on which v, used to produce commercially sold
semiconduciors. Innevatans found to have a user source
were coded as shown in tuble 5,

ductor p.ocess mactinery inaovatiops developad
by firms that use such machinery in the manuta-
ture of silicon-based semicc 1ductors and contains
data on the market share ranking of innovating
user firms '™ in the year in which their sampled
process machinery innovations were first used for
commercial production of silicon-based semicon-
ductors. This market share data can serve as an
approximate measure of the relative amount of
benefit from output-embodied innovation knowl-
edge potentially appropriable by members of the
sampled group of innovating user firms if we
assume, as previously noted, that an innovation,
once made b, any one grcup merber, becomes a
collective good instantly p-ovided to all memners
of that group. (Given this assumption, it is rea-
sonable to conclude that th: pre-innovation market
shares of all group m:mbars whose outputs em-
body the innovation benefit will remain constant
post-innovation. And if this is so. we may usefully
approximate group member size by a group mems-
ber’s market share of silicon-based semiconductors
at the time of the innovation’s first commercial
use.)

Note from table5 that, four out of the five

innovating user firms identified are ranke.d among
the largest eight firms in terms of share of market
in the year of first commercial use of their innova-
tion(s). '* This is the result we would expect if a
significant industry-level quasi-munopoly existed
and Olson’s hypothesis were correct. I emphasize,
however, that the results of this single study can
only be seen as suggestive as it does not address
reasonable alternative explanations for the finding
(for example, it offers no information on the direc-
tion of causality involved in the observed correla-

13

Only firms with a use relationship to the sampled innova-
tions are included in this study. Would-be innovators bearing
other functional relationships to those innovations such as
senticonductor machinery manufacturers, while also clearly
in a position to gain benefit from output-embodied innova-
tion knowledge and thus group members 1n Olson’s sensc,
are excluded. This exclusion has no practical consequence
here since, for reasons analogous to those spelled out n
section § for the pultrusion industry study, it is quite certain
that the “largest™ group members with respect to this innova-
tion sample are innovation users.

Firm coded NA in table 5 were nor smaller firms than those
specifically identified: rather, in these instances, several major
firms moved on the innovation so rapidly that | was unable
accurately to determine retrospectively which of thes» had
priority.
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1 2 in vear of first commercial use of precess imnovation
First innovating Number of process Date of firs? L
user firm equipment commercal use  3a 3b 4 5
innovations * of process equip- Innovative firm's Nvmber of US  Sales of parant
—  ment innovation semiconductor semiconductor  firm ¢ (totah
Initial major ninor shipments * frirms extantt  $ (muthon)
$ (million)  Industry
rank
Fairchild i 1 3 1959 20 6 34 43
1960 27 6 47 63
1966 (3) 146 2 50 207
IBM 2 1 1965 5 50 3700
1965 5t 50 3.700
1967 5 53 5.300
Western Electric 1 1 1956 4.5 6 26
1960 27 6 47 7.900
Hughes 1 1970 NA NA NA
Motorola 1 1961 28 6 53 298
NA < 5 1

Data from von Hipyel [33] and see text.

Share o market rankings are derived by conversion of Tilton [34] data (p. 66. table 4--5) on percent of semiconductor shipments
attribut.able to major firms into rankings (shipments data include in-house and government sales). Firms with the same shipment
percent in given vear are all given the same rank. Tilton’s share of market data only covers the vears 1957, 19460, 1963, and 1966. For
innovations whose date of first commercial use (col. 1) falls between these vears, data on the nearest of the vears examined by Tilton
are usec. Conversion of SOM rankings into $ shipments was effected via use of Tilton's data on towl semiconductor shipments (p.
90, 1able 4-7).

IBM has, since 1962, been a major producer of silicon semiconductors for in-house use only. and thus “shipments™ data are not
availabl: to determine [BM's market share rankings. Industry “guesstimates™ of I1BM's ranking in 1965 and 1967 place that firm

conservatively amony the top five producers for those vears .
Tilton, p. 52, table 4-1.

%

sales figures of the parent company are shown.

tion between innovation rates and market share).
More empirical work will clearly be required on
the issuc.

4.2. Benzfit from output-embodied innovation knowl-
edge appropriable by an innovating firm via creation
of a firm-level quasi-monopoly

I now move to a consideration of the mecha-
nisms b, which an innovating firm might hope to
astablish a quasi-monopoly with respect to all
other firms, both current competitors and those
currently outside the industry, and thus be in a
position to capture benefit from output-embodied
innovation knowledge via increases in profit rates
and /or sales volume. 1 sugge-t that there are only
three stch mechanisms extant - patents, trade

Data from annual reports of parent companies. Fairchild was acquired by Fuirchild Camera and Instrument in 1954, and therefore

secrets (also termed know-how) and ‘“‘response
time” - when we exclude from consideration those
comparative advantages one firm may have over
another which, while they may aid an innovator.
are really innovation-independent and may equally
serve an imitator {e.g. a relatively favorable posi-
tion with regard to finances. mineral rights.
marketing channels. firm reputation, etc.). We will
discuss each of these three extant mechanisms
below.

As noted in section 3.1, a pateni grants an
inventor the right to exclude others from using his
invention for a limited period in exchange for
public disclosure of that invention. Patent legisla-
tion requires that this public disclosure be made at
the time of the patent’s issue and be in sufficient
detail so that others “ordinarily skilled in the art”
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mav rcadily imitate the invention, presumably
upon the patent’s expiration. The result of the
public disclosure is that interested imitators have
access to the invention and must be constrained by
law, rather than by lack of knowledge. from using
it - if the inventor is to be able to use the patent
grant as a mechanism for maintaining a quasi-mo-
nonoly and garnering benefit from output-em-
bodied innovation knowledge via his own exploita-
tion of the invention. But, as we have seen previ-
ously, the law offers little effective protection to
patent holders. The burden of finding any infrin-
gement is on the patentee - no mean task, particu-
larly I the infringement does not involve a prod-
uct sold on the open market but rather a process
or machinery invention which an infringer may
exploit and benefit from in the privacy of his
factory. Moreover, the burien of prosecuting the
infringer also falls on the patentee. Such prosecu-
tions are notoriously long and expensive and stud-
ies of court records [27] have shown that the
likelihood of a patent being held valid and in-
fringed are on the order of three to one against the
patent holder. Thus, the same evidence that led me
to conclude earlier that the patent grant was not
an effective mechanism for the capture of benefit
from non-embodied innovation knowledge also
leads me to conclude that the patent grant is not
an cffective mechanism for the capture of benefit
from output-embodied innovation knowlege.
Trade secrets, a second possible raeans for the
establishment of innovation-based quasi-monopo-
lies at the level of the firm, refer to innovations
which can pe kept secret after development is
completed a2=d commercial exploitation begun. As
was explained in section 3.2, secrecy can be main-
tained during commercial exploitation either be-
cause (1) the innovation cannot be ‘“‘reverse en-
gineered” and imitated even though available to
inspection by would-be imitators skilled in the
relevant analytical tools (the formula for Coca-Cola
is the classic example of such) or (2} the innova-
tion. while susceptible to reverse engineering if
opened to the inspection of would-be imitators,
can be bir'den from such inspection by some means
{e.g. process equipment developed by users and
shielded within their own firms). As was noted
carlier. essentially nc hard data exist on the ef-
fectiveness with which innovations kept as trade
secrets allow firms to establish firm-level quasi-
mcnopolies and capture benefit from output-em-

bouied innovation knowledge. 1 am aware of two
types of anecdotal data, however, which suggest
that trade secrets can sometimes be a very effective
benefit capture mechanism. First, many whom I
have interviewed in corporations feel that the
mechzanism is very effective for innovations which
can in fact be kept secret. (Logically, it is likely
that the trade secret mechanism will be more
effective in allowing the capture of benefit from
output-embodied innovation knowledge than in
allowing the capture of benefit from non-em-
bodied innovation knowledge, as the latter use
requires diffusion of the secrct beyond the con-
fines of the innovator’s factory while the former
does not.) Second, in some industries »ne can
observe that firms incur significant expense to
insure that outsiders do not get the chance to
inspect their production equipment and /or tech-
niques — implying that these firms do regard the
knowledge protected as having significant eco-
nomic value. ' Clearly, more research into the
effectiveness of trade secrets would be valuable.

The third mechanism noted above is one I term
“response time”. I define it as the period an imita-
tor requires to bring an imitative product to market
or to bring an imitative process to commercial
usefulness when he has full and free access to any
germane trade secrets or patented knowledge in
the possession of the innovator. Resporse time
exists simply because many barriers in addition to
lack of knowledge must be overcome in order to
bring any product or process — even a1 imitative
one - to commercial reality. Engineer'ng tooling
must be designed, materials and components
ordered. manufacturing plants made ready.
marketing plans developed, etc. During the re-
sponse time period an innovator by definition has
a monopoly and is in a position to capture benefit
from output-embodied innovation knowledge by
increasing his rate of profit and/or his market
share.

' Interestingly, there is a wide variation in the amount of effort
firms exert to prevent inspection of their process trade
secrets. In some firms and industries access is denied even to
repairmen wishing to repair standard equipment located near
proprietary equipment. In other firmis and industries I have
observed a willingness to allow free inspection of proprietary
equipment and even a willingness o encourage its commer-
cial manufacture and sale by others [30]. Such objectively
codable differences in behavior may prove useful as on:
research measure of the economic value of trade secrets.
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In principie. 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 1anovator and
imitator could proceed with commercialization ac-
tivities in tandem. Response time is an important
innovation benefit capture mechanism in reality.
however, because would-be imitators seldom be-
come aware of an innovator’s knowledge at the
moment he develops i:. Typically. in fact. an imi-
tator only becomes aware of a promising new
product when that product is introduced to the
marketplace. Until that point the innovator has
been able 1e protect his product from the eyes of
interested competi’ors inside his factory. After that
point, if the product is easily reverse enginecred
and has no patent protection only the response
time mechanism can provide him with some
quasi-monopoly protection from imitators.

The real world value of response time to
innovators is suggeste 1 by the elaborate lengths to
which innovators sometimes go to hide their new
product plans prior to marketplace introduction -
and the sometimes equally elaborate affects of
would-be imitators to ferret these plans out. As in
the case ¢f trade secrets, however. little formal
research exists on the value of response time - and
what there is of it addresses “lead time™ rather
than respcnse time. ' Data from the one study 1|
am aware of which touches on the correlation
between tie commercial success of a sample of
industrial products and lead time, Project Sappho
[36]. indicate that the effect of lead time - and its
response time component - may sometimes be
easily discernable. however. If so, these could be
empirically studied via retrospective measures such
as relative commercial success of samples of *“first-
to-market” and “second-to-market” functionally
equivalent product pairs (the measure used by
Sappho).

""“Lead ume” is commonly defined as the period starting
when an inovator mtroduces a new product to the market
and erding when he firse “me-too” product is introduced by
a competitor. Lead time may be caused by any of the three
innovatior:. benefit capture mechanisms presented in this
paper or by numerous other factors. Thus, an innovator may
seek 1o prolong his lead time beyond the peniod afferded by
respoise time by denying would-be imitators access to rele-
van: <n>w-how or patents and or t v vanous other rieans
such as acopting pricing strategies desgned to forestall inu-
tation [35).
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The value of response (and lead time) to would-
be innovators can be reasoned to be a function of
various situation-specific factors. One such factor
is the length of response time divided tv length of
customer purchas: 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) which
sells in high volume for six months only. Assume
that the item can be readily imitated - but can
only be produced economically by mass-produc-
tion tooling requiring six months to build. Obvi-
ously, 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 which
customers typically take two years to decide to
buy. kudget for, etc. - and which competitors can
imitate in one year. Obviously., response time in
this instance affords an innovator little protection.
A second situation-specific factor involves the
learning curve: the more units produced during
the response time period and the steeper the learn-
ing curve, the greater the production cost ad-
vantage an innovator can accrue relative to poten-
tial imitators. A third factor is the size and “indi-
visibility™ of production plant investment an in-
novation requires relative to market size. For ex-
ample, if DuPont uses response time to invest in a
special-purpose plant for the production of Teflon
which is large enough to supply any foreseeable
market expansion for several years ahead, incen-
tives to imitate are considerably reduced.

5. Differences in the ability of would-be innovators
to appropriate benefit from innovation-related
knowledge

In section 2 I concluded that it would be possi-
ble in theory to model the functional locus of
innovation in terms of the appropriability of in-
novation benefit if would-be innovaters: (1) are
not able te capture benefit from non-embodied
knowledge; (2) are able to capture benefit from
output-embodied knowledge arising from their
output-embodied innovations; and (3) differ sig-
nificantly in their ability to capture benefit from
their output-embodied innovation knowledge. In
section 3 I concluded that the two mechanisms
which an innovator might use to capture benefit
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from non-embodied knowledge (namely, patents
and trade secret legislation) are relatively ineffec-
tive. that would-be innovators in most industries
are therefore not able to capture benefit from
non-cmbodied knowledge aiid that model condi-
tion 1 was thus satisfied. In section 4 1 concluded
that model condition 2 was satisfied on logical
grounds: since would-be innovators can only ap-
propriate economic benefit from their innovations
by selling non-embodied knowledge and/or out-
put-embodied knowledge. and since the former
cannot be done effectively in most industries, most
innovators must appropriate economic benefit from
output-embodied knowledge if they appropriate
such benefit at all. In this section I proceed to a
consideration of the third condition which must be
met if the functional iocus of innovation is to be
predicted in terms of the appropriability of in-
novation benefit - presence of a significant dif-
ference in the ability of would-be innovators hav-
ing different functional relationships to a given
category of innovation to capture benefit from
output-embodied innovation knowledge.

Clearly, a difference in the ability of would-be
innovators to capture benefit from output-em-
bodied innovation knowledge must be substantiai
if one is to be able to predict the functional locus
of innovation in terms of this single variable. I will
begin this section by describing a study which
“proves-by-example™ - that the differences of the
required magnitude can exist in the real world and
then will offer some tentative generalizations re-
gar-iing characteristics of industries likely to be
as.ociated with the presence of such major dif-
ferences.

5.1. Differences in the ability to capture benefit from
output-embodied innovation knowledge: the example

The proof-by-example that innovators holding
different functional relationships to the same set
of innovations can diffe; substantially in their
ability to capture innovation benefit draws heavily
on a 1977 study by Lionetta [38] of innovation in a
plastics fabrication technology called “pultru-

N

ston”.

" Currently limited to the marufacture of fiber-reinforced
products of constant cross-secton, the pultrusion process is
used 1o fabricate such products as the fiberglass-reinforced
rod used by makers of fiberglas, fishing rods. In essence, *he

In the portion of the study of interest here, '
Lionetta studied the machinery used in the pultru-
sion process from the invention of that process in
the early 1950s to 1977. He identified all successful
process machine innovations which offered the
machine user “a major increment in functional
utility at the time of its introduction when judged
relative to best practice extant at that time™.
Lionetta next sought to determine the *‘source™ of
each such innovation via a careful search of con-
temporaneous literature and by interviews with
user and manufacturer personnel who were in-
volved in or found to have knowledge of the
innovation work. In some instances he found the
innovation involved the development of equip-
ment unique to pultrusion. In other instances the
innovation involved a first application of ejuip-
ment used in other industrial processss t¢: the
pultrusion process. If we define the ianovating
firm as the firm which built the first unit of
equipment embodying the (original or adopted)
process machinery innovation which was used in
commercial pultrusion production. we find that
eight of the nine major process machinery im-
provement innovations samples identified were de-
veloped by machinery users and only one tyv a
machinery manufacturer [40]. '°

pultrusior: process involves pulling reinforcing material, usu-
ally fiberglass, simultaneously from a number of supply rolls
into a tank containing a liquid thermoset resin such as
polyester The strands of reinforcement material emerge from
the tank thoroughly wetted with resin and then pass through
“preforming tooling™ which aligns and compacts them 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 and finally to a saw which cuts the continu-
ously formed product in sections of the desired length. The
entire pultrusion process is performed from start to finish on
a single integrated machine. While the economic importance
of this plastic fabrication process is still relatively small (only
$60 million worth of “pultrusions™ were produced in 1976),
its use has grown at a real “nrual rate of 15-20% from 1967
to 1977, and some experts rank it second only to injection
molding in terms of ultimate economic importance in the
production of fiber-reinforced plastics [37).
When a portion of Lionetta's study results were seen to be
germane to the issues addressed in this paper, Lionetta was
kind enough to join with the author in carefully cross-check-
ing and updating the relevant subset. As a result, data
presented here sometimes differ from the data presented in
the 1977 study.
' This innovative machinery manufacturer, Goldsworthy En-
gineering, nc., Torrence, Calif., was affiliated with a user of
pultrusion machinery at Glasirusions, Inc.. Torrence. Calir..
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In addition to determining the locus of process
machirery innovation in pultrusion Lionetta ex-
aminec the economics and structure of the US
pultrusion machine user and pultrusion mac ‘ne
builder conmunities. He found approximately 40
firms using pultruders in 1976, producing an ag-
gregate of $60 million worth of pultruded product.
at an average price of $1.70 per pound and an
average before tax profit of 12%. This product was
produced on approximately 150 pultrusion ma-
chines, 2 each producing on the order of 200,000
pounds of pultrusions annually. Approximately
120 of these machines were found to have been
“home-built” by the firms using them and only 30
to have been built by the only commercial builder.
Goldsworthy Engineering, Inc. Pultrusion machine
user firms were not able to supply useful data on
the actual costs of the machines they had built
over the years since they had often been built and
rebuilt ad hoc by production engineers. However,
Lionetta was able to estimate on the basis of aata
available on some recently built machines of
“average™ capacity (a machine capable of pultrud-
ing product with a cross-section of 6 by 7 inches)
that a “home-built™ machine of this capacity would
have had a direct cost of $50,000-60,000 in 1977,
while company price lists show that an equivalent
machine from the sole commercial builder would
have had a purchase price of approximately
$95,000 at that time. Actual sales of commercially
built pultruders were reported by the manufac-
turer to tetal four machines at an average price of
$35.000 in the years prior to 1967 and 26 machines
at approximately $105,000°' each in the period
from 1967 to 1977. Sales, therefore, of commer-
cially proctuced pultrusion equipment in the 1967 -
77 period were on the order of $270,000 per vear.

.t the tire of the innovation work. As part of a conservative
-tance toward the “user as innovator™ hypothesis being tested.
however. this firm's innovauons were coded ws machine
builder developed.
2 Lionetta obtained estimates from experts which ranged from
47 to 200 exiant pultrusion machines Through computations
hased on average machine capacities he developed an esti-
mate of 176 machincs.
The difference between the $95.000 list price for a commer-
vial equivalent of an average home-built machine just noted
in the text and Goldsworthy's average sales price 1s the
inclusion of an cptional RF curing urit costing on the order
of $25.000 in many of the units sold - - Goldsworthy but not
present on home-built machines.
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The manufacturer reported sales during this period
to be relatively flat despite the annual real increase
in annual output of pultruded product averaging
15 -20%.

Lionetta’s data can be used to construct a test
of reason which strongly supports the proposition
that one functional category of would-be innova-
tors (in this instance, the users of process machin-
ery in the pultrusion industry) have a much greater
ability to appropriate benefit from output-em-
bodied innovation knowledge related to their in-
novations than do thyse heving other functional
relationships to the 1anovaion (in this instance,
process machinery manufacturers).

Recalling the mechanisms for the capture of
benefit from output-embodied nnovation knowl-
edge discussed previously. consider first the rela-
tive ability of pultrusion machinery manufacturers
and users to capture benefit from such knowledge
via the establishment of firm-level quasi-monopo-
lies. The two mechanisins which we found likely to
be effective in the establishment of such monopo-
lies were response time and trade secrets (know-
how). In the instance of pultrusion machinery
process innovations it is clear that only user in-
1ovators can hope to retain control ~f their in-
novation related know-how much beyond the point
at which commercial use begins. This is so because
pultrusion process machinery innovations can be
reverse engineered if inspected by would-be imita-
tors skilled in the art. And. while an innovating
machine user can exploit the innov:tion commer-
cially while keeping it hidden from such inspection
behind his factory walls, an innovating machine
builder must make the innovative equipment avail-
able to the inspection of potential purchasers if he
is to reap output-cmbodied benefit from it. This in
turn opens the way to imitatior delayed only by
the response time of would-be nnitators.

Two categories of trade secret are germaue to
the process machinery innovations being ccnsid-
cred here - trade secrets beuring on the use of
innovative equipment and trade secrets bearing on
its manufacture. For reasons aralogou  to those
spelled out in the previcus parazraph, 1 conclude
that only users are in a position to benefit from
trade secrets regarding the use of innovative equip-
ment. because only users can exploit these com-
mercially while keeping them secret from vould-be
imitators. In contrast and again for analogous
reasons, ! conclude that both machine builder and
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machine user have a similar capacity to keep trade
secrets regarding the manufacture of innovative

quipment, and that both the single extant pultru-
sion equipment manufacturer and the larger users
have similar incentive to develop such, as both
build pultrusion equipment on approximately the
same scale.

Consider nex
L Onsiacr nex

machinery manufacturers and users to capture
benefit from output-embodied innovation knowl-
edge via the establishment of industry-level quasi-
moncpolies. Barriers to entry, the mechanism
which allows the establishment of an industry-level

auasi- mnnnnnl\/ prpenmthv provide some protec-
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tion against new entrants to both machine builders
and machine users ir the pultrusion field.
Lionetta’s data show, however, that the machine
builder apparently is unable to appropriate benefit
from output-embodied innovation knowledge as a
result of these barriers because as noted earlier,
users, although they do not enter the commercial
machine business, have proven themselves capable
of building machines to satisfy their in-house needs
at a cost at or below a machine builder's sales
price for similar machines - presumably because
the user does not incur selling expenses as the
machine builder must. And in the pultrusion in-
dustry the machine manufacturer does not make
significantly more machines tha the largest users
- and thus cannot offset these extra costs via
cconomy of scale savings.

In ~ontrast, it is very likely that machine users
car « ropriate benefit from output-embodied in-
nov .on knowledge via increased profits and /or
sales as a consequence of an nnovation-related
industry-level quasi-monopoly. This is so because
process machinery innovations in pultrusion typi-
cally allow the pultrusion industry to enter new
markets at the expense of comapeting materials
such as aluminum by making it dossible to manu-
facture new shapes via this method. Thus, hotlow
product tooling, one of the irnovations whose
antecedents were examined by _ionetta, enabled
pultrusion to be used to manufacture shapes of
hollow as well as solid cross-section. Similarly, the
development of improved “pulling” mechanisms,
also examined by Lionetta. made it possible to
pultrude shapes of larger cross-sectional area than
had been possible previously.

Accordingly we may conclude that process
machinery users in the pultrusion industry have a

r-
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much greater ability than machinery manufac-
turers (o appropriate benefit frem output-em-
bodied innovation knowledge derived from firm-
and industry-level quasi-monopolies. One can il
lustrate this discrepancy quantitatively via
Lionetta’s data which show that an additionai
pultrusion machine employed by a machines user
will allow the manufacture of 200,000 pounds of

LA L ST gAUIRSIN8SS

additional pultrusions annually. At the 1976 an-
nual sales price of $1.70 per pound and pre-tax
profit of 12% we can see that such an additional
volume will yieid the machine user $41.000 addi-
tional pre-tax profit annually.

In contrast, each extra machine sold by a ma-
chine builder as a result of the innovations s
worth only a one-time profit of $10.000 to that
firm at the prevailing machine price of about
$100,000 and pre-tax profit rate of 10%. Thus, the
machine builder would have to sell approximately
four additional units annually as a direct conse-
quence of his innovation in order to obtain benefit
from his output-embodied innovation knowledge
cqual to that obtained by an innovating user who
has embodied the innovation in only one machine
and sold an extra 200,000 pounds of product
thereby. Such an incremental volume on the part
of the machine builder seems implausibly high
given the sales rate of 2.6 machines annually which
that firm has recorded during the 1967- 77 period.
O the other hand, embodiment of the innovaton
in only one machine seems an implausinly con-
servative estimate for the larger user firms since. as
I have determined via telephone survey. the top
three firms in the ficld had more than 13 pultru-
sion machines each in 1978,

In sum, then, 1 propose that condition 3 holds
in this instance, That is. I have shown a strongly
discrepant ability of firms holding different func-
tional relationships (user, manufacturer) (o the
same class of mnovations o capture benelit from
output-embaodied mnovation hnowledge regarding
these, Further, data on the locus of imnovaton in
pultrusion are in accordance with what 1 would
predictif conditions 1, 20 and 2 of the single factor
model are met.

5.2, Toward generalization

In the pultrusion imdustry 1 found that process
machinery users and process machine 'y manufac-
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turers had sharph  discrepant abihbies to ap-
propriate benefit from output-embodied nnova-
ten knowledge regarding process machinery in-
novations. | found. further. that the cause of this
difference could be logically attributed to mecha-
nisms {or the appropriation of benefit from out-
put-embodied innovation knowledge identified and
discussed earlier in this paper. Specificaliv. | found
that the pultrusion process machinery manufac-
lurer was aot in a posttion to establish and benefit
from an industry-level quasi-monopoly with re-
spect to process machenery innovations because
users could - and did - constrect machines em-
bodying the innovations at a cost competiive with
the manufacturer's pnce when that price incorpe-
rated onlyv a “nermal”™ level of profit. In contrast. |
reasoned that users might well establich an in-
dustry-level quasi-monopoly and that this mecha-
nism of benefit capture was thercfore either inel-
fective for both users ard manufacturers or effec-
tive for users only. Next. 1 found that pultrusion
pruocess machinery innovations could be reverse
engineered if inspected by persons “skilled in the
art”™. Since only user-<innovators are in a posiion
1o appropaate beaefit from output-embodied in-
novation knowledge charactenzing their innova-
tions while secreting them from inspection within
their factory walls, 1 concluded that user-innova-
tors were more favorably positioned than manu-
facturer-annovators with respect to establishing and
maintaming. hrm-level quasi-monopohies based on
response time and trade secrets related to the use
of a process machinery innovation. In contrast,
both users and manufacturers were found equally
favorably positioned with respect to estabhishing
and maimnta.ming firm-level quasi-monopohes based
on trade secrets refated to the construction of
mnovabive process machinery.

Since most process machinery inpovations can
be reverse engmecred if anspected by someone
shitled an the art and since most process machin-
ery can be constructed on ordinary metalworking
machinery  noatlable 10 vould-be mnovators in all
funcienal categenes abke 1 propose that our
pultcusion industry flindings are generalizable to
most process machinery innovations. That 1s, we
may generelly expect that all but one mechanism
for the capture of benefit from o itput-embodied
innovation knowledge will favor “he user  be-
cause only asers can appropnate such benefit from
tnnoative process machinery while shielding the

lomwatrn benctor (AR

Haovation from  inspection by would-be
WaRators. 5 The sole mechanism not biased in
favor of the user is, as was roted carlier. firm-level
Yua-mopopolv demed from trade secret. related
o the comtruction of the process machinery in-
relative “amount™ of whis type of seceet firms will
acymire s a function of e relative nuwber of
machines they build.

On this basis one may vemture the following
wonomy -of -scate-related generatizations for all
stuations where wsers and manwfacturers are the
funciional grouwps most favorably postioned w
capture henefit from output-emhodied innovation
krowlege. When manufacturers of a given cate-
1y of process machinery can reavonabh expect
W sell “many more” of a given provess machinery
IWROVAHOR Than any single large wser can wtilize.
then process machinery mamfacturers wil be
fownd W be the source of innovation in that cate-
gory of process machines. Otherwise users will be
fownd to develop - or pay for the development
of - these. In a simple test of robustness of this
generadization | interviewed process engineers at a
razor blade manwfacturer and a lanp manufac-
turer. In each instance the machine user firm was
found w0 have developed and huilt the highhy
wpeciahized equipment they reguired in-house. (An
example of such equipment in the instance of the
razor blade manufacturer was high-speed razor
blade sharpening machinery and. in the instance
of the lamp manufacturer. high-speed lamp assem-
Wy machinery). Both firms, however, were found
W have purchased packaging machinery. used by
many  indusries. from packaging machinery
manufacturing fitma,

The abune generalization can be extended to
explain why the kens of process machinery in-
aovation might shift with time for s categories
of process machinery, but mut dasplay such shift in
others. Thus, the shift oherved by Kmight [42)
from development of innowvative computer hard-
ware by users in the carly davs of that fickd w a
later computer manulacturer locus of innovation »
congruent with the single factor model. In con-
tram. | would not expect the locus of innovation to

T Note that there are exceptions to this user vapahility, For
example. users of construction machirery used in the open
clearly var x shsed iImmwations related to v “helnnd fac-
tory walls™.
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shift from user to manufacturer over time in the
instance of razor blade sharpening machinery since
tiae market for such specialized machines has been
small in the past and will presumably remain so.

Although my own research to date on this
variable has focused on the costs and benefits of
certain categories of process machinery innova-
tion, other categories of innovation look equally
promising, and I would encourage investigation
into many such. As noted earlier, Berger [5] and
Boyden [6] have, for example. sampled plastics
and plastics additive innovatior:s . espectively and
have found all of these to have been developed by
product manufacturers rather than product users.
I suspect that further research would show this
lccus explicable in terms of the ability of users and
n.anufacturers to appropriate benefit from
cutput-embodied innovation knowledge in these
categories of innovations. A particular plastic or
additive is typically not essential to users since
other materials exist which can do the job at a
(usually minor) cost premium. To the manufac-
turer, however, a plastics and additive innovation
which provides such a slight cost advantage may
mean that major users of other materials (steel,
aluninum. other plastics. etc.) replace these with
the innovative material and quickly become major
customers. thus allowing the innovator to capture
significant benefit from output-embodied innova-
tion knowledge.

In sum, I propose that the appropriability of
benefit from output-cmbodied innovation knowl-
edge is a variable which can usefully be incorpo-
rated in a model of the locus of innovation. I also
propose that in some categories of innovation, not
yet clearly delineated, the role of this variable in
determining the locus of innovation is a strong
one.
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