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This paper is an attempt to quantify key aspects of inpovations, “basicness™ and appropri-
ability, and explore the linkages between them, We rely on detailed patent data, particularly
on patent citations, thus awarding the proposed measures a very wide coverage. Relying on
the prior that universities perform more basic research than corporatiens,” we find that
fotward-looking measures of “impertance” and “generality” capture aspects of the basicness .
of innovations. Similarly, measures of the degree of reliance on scientific sources, and of the
closeness to the origins of innovational paths, appear to reflect the basicress of research, As
measures of appropriability we use the fraction of citations coming from patents awarded to
the same inventor, and in fact these measures are much higher for corporations than for
universities. An examination of a small number of patents that are universally recognized as
“basic” provides further support for these measures. We find also evidence of the existence of
“technological trajectories”.
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. INTRODUCTION

Progress in many areas of economics is often limited by the lack of
empirical counterparts to the theoretical constructs that we believe to be
important. This problem is particularly severe in the economics of techni-
cal change, where it is difficull to find good indicators even for such
fundamental notions as the rate of invention or the value of innovations.
Many widely used measures, such as simple patent counts or counts of
expert identified innovations, are severely limited in that they cannot ac-
count for the enormous heterogeneity of research projects and outcomes
that characterizes the R&D process.

*We gratefully acknowledge support from the National Science Foundation through grant
SES91-10516, and from the Ameritech Foundation via the Ameritech Feilows program of the
Center for Regional Econcemic Issues at Case-Western Reserve University.
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Two sources of heterogeneity that occupy a prominent place in the
economics of technical change are “basicness” and “appropriability”. Ba-
sicness refers to fundamental features of innovations such as originality,
closeness to science, breath, etc. that impinge on the incentives to engage
in R&D and on the choice of research projects. Appropriability refers to
the ability of inventors to reap the benefits from their own innovations. A
great deal of our theoretical understanding of the innovation process rests
on these two notions, and on conjectures about the links between them.
Thus, although appropriability problems plague all forms of investment in
R&D, they are thought to be more severe as we move from applied to
more basic research {Arrow, 1962). This view underlies a widespread
division of labor whereby public institutions such as universities perform
most of the basic research, and private firms do the bulk of the develop-
ment.

We focus in this paper on the construction of a set of measures that we
believe capture key aspects of basicness and of appropriability. These
measures are grounded in a view of technical change as a cumulative
process, whereby each innovation builds on the body of knowledge that
preceded it, and forms in turn a foundation for subsequent advances. We
compute the measures using detailed information contained in patents,
relying heavily on citations to other patents, since these citations provide
good evidence of the links between an innovation and its technological
“antecedents” and “descendants”. We use matched samples of university
and corporate patents to exploit our prior belief that university research is
more basic than corporate research, and rely on the contrast between them
in order to test the hypothesis that these measures are legitimate proxies
for the fundamental attributes of innovations that we are after. In so doing
we also explore the characteristics of university research and of university
patented innovations, and examine the methodological underpinnings of
the notion of “indicator” (or proxy variable).

The statistical analysis of these data lends ample support to the
hypothesis that most of our measures indeed reflect aspects of basicness
and appropriability. In particular, we find that measures of the overall
importance of innovations, of generality of research outcomes, and of
reliance on scientific sources discriminate well beiween more and -less
basic innovations. Additional evidence from a handful of fundamental
innovations lends further support to these statistical results. Likewise, a
measure of the proportion of follow-up technical developments performed
by the organization responsible for the original innovation seems to
capture aspects of appropriability. Sinee patent data cover the great major-
ity of recorded inventions and have hecome available recently in easily-
accessible computerized form, we believe that these measures hold the
potential for becoming a standardized tool of wide applicability for
research in the economics of technical change.

Section 2 explains in more detail the nature of the patent data used in
this study. The measures themselves are motivated and described in sec-
tion 3. In section 4 we lay out the methodological basis for testing the
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hypothesis that our measures capture aspects of basicness and appropri-
ability. We discuss in section § the research design and data
characteristics, and expand on the nature of university research. The
statistical analysis and empirical results are in section 6. The last section
contains concluding comments and suggestions for future research.

2. THE USE OF PATENT DATA

The measures of basicness and appropriability that we put forward rely
exclusively on information contained in patents. We are thus tapping one
of the richest sources of data on inventicns (over 5 million patents have
been granted so far by the US), and certainly the one with the widest
coverage, We intend to exploit detailed information that appears on
individual patents, and not just patent counts as has been common practice
in much of the research in this area.’

A patent is a temporary monopoly awarded to inventors for the com-
mercial use of a newly invented device. For a patent to be granted, the
innovation must be non-trivial, meaning that it would not appear obvious
to a skilled practitioner of the relevant technology, and it must be useful,
meaning that it has potential commereial value. If a patent is granted, an
extensive public document is created. The front page of a patent contains
detailed information about the invention, the inventor, the assignee, and
the technclogical antecedents of the invention, all of which can be ac-
cessed in computerized form. An item of particular importance for our
purposes is the citations to previous patents. We believe that important
aspects of basicness and of appropriability are embodied in the relation-
ship between the innovation and its technological antecedents and
descendants, and that patent citations, made and received, provide an ef-
fective means for identifying and tracing these relationships.

Patent citations serve an important legal function, since they delimit the
scope of the property rights awarded by the patent. Thus, if patent 2 cites
patent 1, it implies that patent 1 represents a piece of previously existing
knowledge upon which patent 2 builds, and over which 2 cannot have a
claim. The applicant has a legal duty (o disclose any knowledge of the
prior art, but the decision regarding which patents to cite ultimately rests
with the patent examiner, who is supposed to be an expert in the area and
hence to be able to identify relevant prior art that the applicant misses or
conceals.” The framework for the examiner’s search of previous innova-

"The use of patent counts as indicators of innovation has had varying degrees of success
(see e.g, Griliches, 1984 and 1990; Jaffe, 1986). Related work has shown that patent citations
contain information about the value of patents and the links among them (Carpenter et al,
1981; Carpenter and Narin, 1983; Trajtenberg, 1990a and 1990b; Jaffe, Trajtenberg and
Henderson, 1993),

“Becanse of the role of the examiner and the legal significance of patent citations, there is
reason to believe that patent citations are less likely to be contaminated by extraneous
motives in the decision of what to cite than other bibliographic data such as citations in the
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Figure 1. The Distribution of Basicness: Universities vs. Corporations

addresses old puzzies with original methods (e.g. Kubn, 1962; Rosenberg,

1982).> Research outcomes are held as basic if they have a major irgpact -

upon a given ﬁ.eld, or a diffused but significant impact across a broad
range of fields; if they are fundamental to much later work, and are often

*Thus for example, the research activities of the team headed by William Shockley at the

I?gélzg‘abs that led to the discovery of the transistor can be seen as basic in this sense (Nelson,
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tions 18 the patent classification system, which currently consisis of over
100,000 patent subclasses, aggregated into about 400 3-digit patent
classes. The combination of citation data, detailed technological classifica-
tion, and information about each inventor provides a unique mechanism
for placing research and research results in their broader technological and
economic context.

These data have, however, two imporfant limitations: first, the range of
patentable innovations constitutes just a sub-set of all research outcomes,
and second, patenting is a strategic decision and hence not all pateniable
innovations are actually patented. As 10 the fivst limitation, consider Figure
1.a where we depict the “basicness” of research outcomes, ranging from
the most applied on the left (o the most basic on the right. Clearly, neither
end of the continuum is patentable: Maxwell’s equations could not be
patented since they do not constitute a device (ideas cannot be patented);
on the other hand, a marginally betfer mousetrap is not patentable either,
because the innovation has to be non-trivial, Thus, our measures would not
capture purely scientific advances devoid of immediate applicability, as
well as run-of-the-mill technological improvements that arc too trite to
pass for discrete, codifiable innovasions.

The second limitation is rooted in the fact that it may be optimal for
inventors rot to apply for patents even though their innovations would
satisfy the criteria for patentability. For example, until 1980 universities
could not collect royalties for the use of patents derived from federally
funded research. This limitation greatly reduced the incentive to patent
results from such research, which constitutes about 90% of all university
research. Firms, on the other hand, may elect not to patent and rely instead
on secrecy to protect their property rights (there is a large variance across
industries in the reliance on patents versus secrecy: see Levin et al, 1987).
Thus, patentability requirements and incentives to refrain from patenting
limit the scope of measures built on patent data. It is widely believed that
these limitations are not too severe, but thaf remains an open empirical
issue.

3. DEFINITION OF THE MEASURES

In searching for measurable aspects of basicness, we draw from the views
of basic research expressed in the scientific and technological literature.
Two parallel notions of basicness are found in this literature: one refers to
the nature of research itself (that is, to the process leading to inventions},
the other to the nature of research oufcomes (Kuznets, 1962, made a
similar distinction). Thus, research is regarded as basic if it focuses on
scientific rather than on technological questions; if it seeks to elucidate
general laws rather than solving particular fechnical problems; and if it

scientific literature (Van Raan, 1988; Weingart et 2/, 1988). Moreover, bibliometric data are
of Timited valne in tracing the ecoromic impact of scientific results, since they are nei Jinked
te economic agents or decisions.
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Figure 2. Computing the Measures of Basicness: An Iflustration

variles in some cases across the forward/backward (F/B) divide. The fol-
lowing table provides an overview of the forward looking measures (the
B-measures are defined analogously):
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referred to and relied upon by scientists in the same or other fields (e.g.
Watson and Crick’s discovery of DNA).

We construct, accordingly, two sets of measures. “Backward-looking”
measures (B/measures for short) are derived from the relationship between
a given patent and the body of knowledge that preceded it (je. its
antecedents). “Forward-looking” measures (F/measures for short) are
derived from the relationship between a patent and subsequent technologi-
cal developments that built upon it (i.e. its descendants). The presumption
is that B/measures would be informative of the nature of research, whereas
F/measures would be informative of the subsequent impact of research
outcomes.

We use the patent citations made by each patent to identify its
antecedents, and the subsequent patents that cite it to identify its
descendants. For each of these patents we have information on their
technological and temporal location (i.e. their patent class and date of
application), the number of citations that they received, and the identity of
the assignees. We can thus compute the number, technological diversity,
and ownership pattern of patents corresponding to the antecedents and
descendants of any patent, and the “distance” in time and technology
space between these patents and the originating patent.” We can then use
this information to construct measures of closeness to science, originality,
subsequent impact, generality, etc. For the definition and computation of
the measures we use the following notation (see figure 2):°

NCITING: number of patents citing the originating patent
(“o-patent™).

NCITED:  number of patents cited by the o-patent.

NPCITES: number of non-patent sources cited by the o-patent,

NCLASS:  3-digit original patent class.

CATCODE: 2-digit technological class (built by aggregating

NCLASS).
FIELD: 1-digit classification by main technological fields.
LAG: difference in years between the application date of a citing

or cited patent, and the application date of the o-patent.

Index i corresponds to the patent under consideration, the originating or
o-patent, i + 1 to citing patents, and i — 1 to cited patents. All measures
but one (SCIENCE) will be defined and computed in equivalent ways
backwards and forward; however, their precise meaning and interpretation

*Patent information can also be used to characterize the distance in geographic space
between an inventor and her descendants or antecedents. See Jaffe, Henderson and
Trajtenberg, 1993, -

SCATCODE is taken from Jaffe (1986). The technological areas in FEELL are, 1: Drugs
and Medical; 2: Chemical {except Drugs); 3: Electwonics, Optics and Nuclear; 4: Mechanical
Arts; 5: Other.
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where 0 < A < 1 is an arbitrary “discount tactor” that is meant to down-
weight the “second-generation” descendants of a patent relative to the
first-generation citing patents. We introduce discounting to alleviate the
thorny problem of attribution: suppose that patent A is cited just by patent
B, but the latter is cited by many patents. Without discounting, IMPORTF
for patent A will be larger than for patent B, but intuition says that patent
B is the one that had the largest direct impact. In all calculations reported
here we have set A = 0.5, but none of the results appear to depend upon
this choice (we experimented with values of A in the 0.25-0.75 range). We
present in the appendix the two patents with the highest values of IM-
PORTF in our sample: the first discloses an important innovation in the
manufacturing of semiconductor devices, the second in fiber oplics sensors
and transducers (two cutting-edge technologies). We show for each the
titles of a sample of citing patents, thus illustrating the notion that these
subsequent patents constitute follow-up developments that build upon the
originating patent.

The second measure of F/basicness is “generality” (GENERAL), that is,
the extent to which the follow-up technical advances are spread across
different technological fields, rather than being concentrated in just a few
of them.” We compute GENERAL on the basis of the Herfindahl index of
concentration, whereby the number of citations in each 3-digit patent class
(NCLASS) plays the same role as the sales of each firm in the traditional
industrial organization context, that is,

GENERAL = 1 % NCITING ;\2
T & \NaTiNG,

where k is the index of patent classes, and N, the number of different
classes to which the citing patents belong. Notice that 0 = GENERAL
=1, and that higher values represent Jess concentration and hence more
generality.

IMPORTF and GENERAL presumably capture important determinants
of the social returns to innovations: those with many descendants, or with
descendants that span a wide range of technical fields, are likely to have
high social returns. For example, Trajtenberg (1990a) found that the social
value of innovations in Computed Tomography (CT) Scanners is highly
correlated with a citations-weighted count of patents in that field (see also
section 6.3). On the other hand, high marks of IMPORTF and GENERAL.
do not necessarily imply high privaze returns, the key intervening variable
being of course appropriability. Thus, innovations with high IMPORTF

"Thus for example, if a patent in solid-state physics is cited by later patents in chemistry,
in superconductiviiy and in medical instrumentation, we would regard it as more general, and
hence more basic, than a similar patent that received the same number of citations but all or
most of them belong to the same field.
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1. Basicness Measures

1.1 IMPORTF number of citing patents, includ- IMP%EEE . = NCITING, +
' ing second generation cites M ijl  NCITING .,
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cal classes of citing patents : (3\ CITING,, ,
w1 NCITING,
2. Distance Measures | witsn, TECH,
distance in technology space . _TRCH;
BT TECHE; ng NCITING;
neling; LAG
average citation lag _ i
2.2 TIMEF b g TIMEF, s NI,

=1
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3.1 PSELF number of self-citations

3.1 Forward-Looking Measures

The first, and probably the key aspect of the relaﬂtci_onship bet\fee_n a pa;ter}[t
and its descendants is what we call the overal.] importance of a paderf[c;
denoted IMPORTF (the F for forwgrd). 'IjhlS measire is designe o
capture the technological impact of an invention as reflected in thet: }ilurll;ll Of;t
and importance of its descendants, _and hepce correspondsd tof Keuznets
intuitively appealing notion of basic Innovatons. In the words o

(1962),

“Some inventions, representing as they do a breakthrough in a mai)()r ﬁefld];
have a wide technical potential in the sense that they prowde a asi 0
numerous subsequent techmical chapges [our gmphaszs]_...the first s ea;g
engine, which injtiated a whole series of major technical chang;:s 1_ath :
applications. ..is vastly different from the invention of the safety r;lla[c tgristic
pocket lighter. This wide range is for our purposes the major charac
relevant to the problem of measurement”. {(p. 26).

Thinking of citations to a patent as coming from follow-up advances thfg
at least in part build upon or stem from the originating patent, we wourld
like IMPORTE to reflect both the number of subsequentémtahons, al
their respective importance. Thus we define (see figure 2),

neifting;

IMPORTF, = NCITING; + » Y, NCITING.
j=1

! i itati : int in time when the
Notice that the wnavoidable truncation of the citation data at the point in tme

data are collected (T) means that IMPORTE is a lower bound, and should be taken to mean
the “importance” of patent i as revealed—or realized—up to T.
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are the subsequent developments of an invention, and the more time that
passes before they come to be, the more likely it is that other firms will
overcome any advantages held by the original inventor and thereby take
away a larger share of the economic returns (a similar reasoning applies to
the equivalent B/measures, TIMEB and TECHB).

Our final F/looking measure relates to the ownership structure of the
novation’s descendants. We propose a measure, PSELFF, that is defined
simply as the percentage of citing patents issued to the same assignee as
that of the originating patent. The rationale for this measure is that these
subsequent patents are likely to reflect follow-up developments of the
original invention, and that these developments are the conduit that leads
to the appropriation of returns. Thus, the higher the proportion of these
later developments that take place “in-house” the larger would be the
fraction of the benefits captured by the original inventor.

3.2 Backward-Looking Measures

Turning now to the B/measures (that is, to the basicness of research), we
define the equivalent to IMPORTF as,

reited;
IMPORTB; = NCITED, + N\ 3 NCITING,

=1
Thus, IMPORTB will be large if the o-patent cites many previous patents,
and these cited patents are “important” in the usual sense that they in turn
"were highly cited (as with IMPORTF we use = 0.5). In other words,
IMPORTB reflects the extent to which a given o-patent stands on a wide
base of previous innovations that are in themselves important. Our
presumption is that more basic patents would have fewer andfor Jess
important predecessors and therefore lower values of IMPORTB.

The equivalent B/measure for GENERAL, which we label ORIGINAL,
is defined as,.

N NCITED,\2
ORIGINAL, =1~ > [ ——=
=1 \ NCITED,

Thus the larger is ORIGINAL the broader are the technological roots of
the underlying research. Our notion is that synthesis of divergent ideas is
characteristic of research that is highly original and hence basic in that

sense. Finally, we define a measure of scientific base which lacks a
F/counterpart,

NPCITES,
NPCITES, + NCITED,

SCIENCE, =
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may yield low returns if the follow-up innovations are done ‘i)y '(z't}tl}fr ﬁ?;;lsci
whereas low-IMPORTF innovations can be h1gh1y pro_ﬁtab ei ‘Tc:y fan
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iti elson, 1959.)
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appropriability. The F/looking time distance measure is defined simply
the average forward LAG, that is,

neiting; LAGJ.
TIMEF,; = El m

istance in technology space is computed as follqu{s: 1f the citing
pa;[;:}llli lj;d;rsl the same 3-digit class (NCLASS) as the originating patetrlllté
then the distance between them, TECH, is set to zero; if -th.ey zlzre mthf:n
same 2-digit class (CATCODE) but not n the same 3-digit dc ass, ton
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same 2- or 3-digit class, then TECH = 0.66; if they are even in di frieis
1-digit classes then TECH = 1. The average distance for o-paten

then,?

neiting:  TE(C Hj

TECHE; = E; NCITING,

We hypothesize that TIMEF will be related to basicness‘ if thf tec.ktlg;:;é
difficulties encountered in the R&D process are commensurab eleL e
degree of basicness: in that case more l?as1c innovations .would }ahe ongb_
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ability of serendipitous discoveries, and if these‘ tel}d tO. OC?L}I’ in reoved
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follow-ups would be higher the more basic a pat.ent lsci‘fﬁ e1t 0
hypothesize that the distance measures may be related to .thel 1d.cu_ [‘gﬂar
appropriating the returns from innovations: the more technically dissi

it i 5 1 : atent

ENotice that TECHF is related to GENERAL, but it is by 100 means lihe sgmte:ecinlz) ooy

whose descendants are in a number of different classes, all of wt;}]cal}; ;ri % 0:6 1;1 et % :
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E to the originating class, would have a hig valu
%PES;{; Conver%ely, a patent that spawns a single rich line o_f subsequent (‘ievgco%rgeril} wtﬁgi(;
have a~ low value of GENERAL, but could _hs_ive @ high value of T
developments are in a field far away from the originating patent.



UNIVERSITY VERSUS CORPORATE PATENTS 31

and ask, how can one establish the connection between a candidate proxy
and x* given that by definition no direct data exist on x*? In other words,
how can we test the hypothesis that x is indeed a proxy for x* as described
in (2)7 A priori reasoning may suffice in some cases (as in years of
schooling as proxy for education), but in areas far removed from common

experience that may not be so, and the area of innovation and patenting is

certainly of that sort. Moreover, since many of the solutions to the errors
in variables problem call for the use of multiple indicators, it is important
to be able to assess in advance whether or not the various candidate
variables qualify indeed as proxies.”

We propose to tackle the issue by resorting to additional information
that takes the form of the following prior:'" suppose we knew that there
are two groups in the population from which x* is drawn, §; and §,, such
that,

E(x*|x* € §)) > E(x*|x* € S,) (3)
Consider the following hypothetical regression,
y=ayt Dt E ©

where D; = I if the ith observation belongs to §,, and D; = 0 otherwise.
Clearly, if (3) is true then «; > 0. Now take a candidate variable x; if it is
indeed a proxy for x* then,

=8, +8x +v, 8 >0 (5)
How do we know that (5) holds? Estimate the following equation,
=L+ 0D, +w ' 6)

and test Hy: §; > 0. If §, > 0 then it must be that H, holds, since {; = o,
&; and we know from {4) that «; > 0. In words, given the presumed

®It is interesting to note that this question is rarely asked in economics, but rather (2) is
taken for granted, and the problem is confined to the consistent estimation of (1) given the
presence of a measurement error.

P0bvicusly, estimating a regression of y on x will not do, since if (2) holds then the
estimate of B will be biased towards zero. Moreover, y and x may exhibit scme spurious
correlation even if x and x* are uncorrelated, or the model in (1) might be misspecified in the
sense that cor(x, x*) = 0 but x belongs in the medel in its own right.

""We use here “prior” and “maintained hypothesis” interchangeably: the point is that we
bring in a statement (such as eq. 3), presumably well- grounded on external information, that
we regard as factually true. All subsequent steps rely on this being so, and hence all
down-the-line inferences should be regarded as conditional on the prior being true.
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that is, SCIENCE measures the predominance of scientific sources as
proxied by NPCITES, over technological ones (embedded in NCITED).
The non-patent references, which appear on the front page of patents
under the heading “Other Publications”, may include articles in scientific
journals, books, abstracts, proceedings, etc. That is, they constitute prior
scientific knowledge or ideas to which the patent is related. Our conjecture
is that more basic research would ténd to draw relatively more from
scientific sources than from technology, and hence would be associated
with higher values of SCIENCE.

The Bfdistance measures, TIMEB and TECHB, are defined in an
analogous way to the F/distance measures, except that we substitute
NCITED for NCITING in the corresponding formula. Their interpretation
is straightforward: larger values of TIMEB indicate that the o-patent draws
from older sources, large values of TECHB that the innovation has roots in
remote technological fields. We define also an equivalent B/measure to
PSELFF, PSELFB, which measures the extent to which the o-patent
represents appropriation of benefits to its antecedents.

4. THE FROPOSED MEASURES AS INDICATORS OF BASICNESS:
A STATISTICAL TEST

The measures put forward above are predicated on the assumption that
they capture aspects of basicness and appropriability, The question is how
to test this hypothesis relying for that purpose just on patent data, since it
is extremely hard to find independent indicators of basicness that could
help legitimize our measures (see, however, section 6.3). The test that we
suggest here relies on the prior that university research is more basic than
corporate  research, and exploits the consequent contrast between
university and corporate patents.

The attributes of innovation that we are trying to capture with our
measures are inherently unobservable, as is education or ability in the
context of labor economics, or permanent income in macro. In these latter
cases, the starting point of the analysis is usually an equation of the form,

y=px*te (H
where y is observed but x* is not, and € is an iid. disturbance (for

example, y could be the wage rate and x* education). Given the existence
of a proxy variable x {(e.g. years of schooling) such that,

x=x*+v (2)
where v is an i.i.d. measurement error, the issue 1s then how to obtain a

consistent estimate for B, since if x were just used in leu of x* the resolt-
ing estimate will be biased and inconsistent, We start here a step earlier
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5. RESEARCH DESIGN AND DATA CHARACTERISTICS

2.1 Sample Design and Data Gathering

The choice of our sample of patents was dictated primarily by the require-
ments of the test outlined above. In addition, we needed to cover suf-
ficiently long sequences of innovations so as to be able to compute
measures that rely on backward and forward linkages, and to control for
technological areas, since citation practices may vary systematically
across them. Thus, we took as our core sample all university patents
applied for in 1975 (319 patents) and in 1980 (482 patents), which gave us
substantial time horizons backwards and forward.'> We identified and
gathered data on each of the (carlier) patents cited by these originating
patents, and on each of the (subsequent) patents citing them, thus forming
a complete set which encompasses three successive generations of related
inventions."* We also obtained the number of citations made and received
by each of the cited and citing patents, which gave us some information
about the “grandparents” and the “grandchildren” as well (see figure 3).
Empirical work rarely examines such long stretches of the innovational
Stream,

We then identified two samples of corporate patents in parallel to the
university patents. The first was drawn from the universe of patents
granted to the top 200 R&D-performing U.S. firms in 1986, as reported in
10-K reports and coded by the Compustat data service. We expect that at
least some of these firms perform appreciable basic research. The other
,corporate sample was drawn from the universe of patents assigned to all
other U.S." corporations, which perform by definition less R&D, and
presumably devote a significantly smaller share of their R&D budget to
basic research.

In order to control for technological field, each of these samples was
drawn to match the university patent cohorts by patent class, application
year and grant date. That is, for each originating university patent, we
selected a corporate patent from each universe that had the same applica-
tion year and the same (3-digit) patent class as the university patent, and
was granted as close in time as possible. This design allows us to compare
averages of our measures across institutional groups, without worrying
that the estimates might differ just because universities and corporations

"In principle there should always be enotigh of a backwards horizon, but in practice the
availability of data declines dramatically as we go back in time, to the point that for the 1975
cohort, for example, a great deal of the data of the cited patents are missing, and that created
serfous problems in computing the measures, There is reason to believe though that this

limitation wil! soon venish, as more and more patent data become computerized and
available as such.

“The data on citing patents extend only up to 1989, primarily because we had to rely on
“third parties” to obtain the data, and that meant long delays. Again, availability is constantly
improving, so that in future research one should be able to cbtain much more recent data.
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exhibit different distributions of patents across fields. We then collected
data on the predecessors and successors of these corporate patents, exactly
as we had for the set of university patents. As figure 3 makes clear, this
sampling scheme lead to “explosive”™ data requirements: starting from just
319 university patents applied for in 1975 and 482 in 1980, we ended up
collecting data on over 26,000 patents.

5.2 Characteristics of University Research and Patents™

Since the core sample is of university patents, it is important to describe
the salient features of university R&D and university patents. The R&D
performed by academic institutions in the US amounted to 17.2 billion
dollars in 1991, which constituted 11.4% of total R&D expenditures in the
US for that year (in 1970 the share was of §.9%, and it has been rising
steadily since). However, the role of universities in pushing the frontiers of
science and technology go far beyond their share of total R&D, because of
the nature of the research done at academic institutions: about 65% of it is
defined as basic research, 30% as applied research, and just 5% as
development (NSF, 1992). Thus, basic research performed at universities
accounts for almost 30% of all basic research in the US, whereas academic
R&D labeled as development accounts for less than 1% of all develop-
ment.

Given the nature of academic research, it is no surprise that most of the
research ouicomes from universities (at least those that are observable and
Jquantifiable) take the form of publications in scientific journals, and only
a few end up as patents.'> The incentives of universities to take patents
were further dampened in the past by a law that precluded them from
charging royalties for patents stemming from federally funded research
(which accounts for the bulk of academic research). The lifting of this
legal restriction in 1980, and the proliferation of collaborative ventures
between industry and academic institutions in recent years (biotechnology
is a prime example), brought about a steady increase in the absolute and
relative number of university patents. Still, university patents account for a
very small fraction of all patents granted in the US {1.2% in 1990, or 2.4%
of all patents of US origin that same year).

Not surprisingly, university patents do not comstitute a representative
sample of the universe of US patents: during the years examined here they
were concentrated in a relatively small number of fields, and their distribu-
tion differed greatly from that of all US patents. On the other hand, the

MFor a detailed account of university patenting over time see Henderson, Jaffe and
Trajtenberg {1996).

In addition to the fact that most of the university research is “basic” and hence largely
non-patentable, the incentives that university researchers face (in terms of promotion,
prestige, etc.) encourage primarily publication in the scientific literature, and not patent
applications.
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Table 1. Descriptive Statistics®

(i) Basicness Measures:

Variable N Mean St Dev Minimum Maximum
IMPORTF (1975) 048 12.58 23.21 0 380.50
(1980} 1446 6.96 14.68 0 250.50
GENERAL 206 032 0.29 0 0.88
127 0.27 0.27 0 0.85
IMPORTB 763 21.34 22.10 0 204.50
1340 2776 33.33 0 393.50
ORIGINAL 719 0.22 0.27 0 (.82
1261 0.27 0.27 0 0.88
SCIENCE 945 0.14 025 0 1.00
1446 0.20 030 0 1.00
(ii) Distance Measures:
Variable N Mean Std Dev Minimum Maximum
TECHF 791 0.32 0.30 ] 1.00
1124 0.32 0.31 0 1.00
TIMER 811 7.26 2.49 0 13.00
1126 438 1.55 0 S.00
TECHB 708 031 0.34 0 1.00
1261 0.30 0.31 0 1.00
TIMEB 909 7.66 3.95 0 17.00
1367 9.17 485 0 22,00
(ii1) Appropriability Measures:
NVariable N Mean Sid Dev ‘Mininuim Maxiram
PSELFF 783 0.11 0.24 0 1.00
_ 1061 0.16 0.29 0 1.00
PSELFB ' 719 0.14 030 0 1.00
1342 0.13 0.25 0 1.00

*The top line of each variable corresponds to the 1975 sample, the bottom one to the 1980
sample.

B/measures, notice in table 2(i) that the various measures do capture dif-
ferent aspects of the underlying phenomena (the results for the 1975
sample are very similar and hence we show just those for 1980): none of
the correlations exceeds (0.5, most are much smaller. The variables that
faxhibit the largest pairwise correlations are GENERAL and TECHF (and,
in parallel, ORIGINAL and TECHB), which makes sense since both refer

) YFor ORIGINAL = 0 the percentage of patents with NCITED = 1 or NCITED = 2 was
just 39% (25% for 1975), thus it would seem that the finding of a large mass at zero is more
tel_lin_g for ORIGINAL than for GENERAL. The only qualification is that there are many
missing bgckwards data, and thus many of the patents for which NCITED = 1 or 2 might
havfal ll;elcelved a value of zero for ORIGINAL (rather than missing) if the data had been
available.
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technological mix of university patents do seem to reflect the distribution
of academic R&D expenditures over broad scientific fields: at least
25-30% of university patents belong to patent classes related to the
Biological and Medical Sciences, which commanded 45% of all academic
R&D in 1980, and about 12% of patents belong to the Physical Sciences,
to which universities allocated 11% of their R&D budget (not including
engineering).

University patents are highly concentrated in the hands of relatively few
academic institutions: of the 75 universities that were issued patents in
1975, half received just one patent, and the top ten received over 50%
{similar figures apply for 1980). There seems to be also a positive link
between the size of the university R&D budget and the number of patents
received: 5 of the top 10 universities with the most patents in both 1975
and 1980 belong also to the top ten in terms of R&D expenditures in 1989.

6. STATISTICAL ANALYSIS AND RESULTS

6.1 A First Look at the Measures

Tables 1 and 2 present descriptive statistics of the measures and Pearson
correlations between them, and figures 4 and 5 depict the empirical
distributions of some of them. Notice first the striking similarity in the
shape of the distributions of IMPORTF and IMPORTB, and likewise for
GENERAL and ORIGINAL.; as it turns out, this is true for all equivalent
F/B measures, which is an interesting finding that deserves further scrutiny
(see section 6.4).

As figure 4 shows, the distribution of IMPORTF is extremely skewed
(for 1980 the mean is 12.6 and the median just 5.5). If we interpret IM-
PORTF as an indicator of the value of patents, the observed skewness
would fit nicely with previous findings regarding the distribution of sach
values (e.g. Pakes 1986, Trajtenberg 1990): most patents turn out to be of
very little value (i.e. to have few if any descendants), and only a handful
make it big. IMPORTB is similarly skewed, which would mean that most
patents come from “humble origins”, and few have important technologi-
cal predecessors. Thus important innovations appear to be in very short
supply as one looks either up or down the innovational stream.

The distributions of GENERAL and of ORIGINAL are much closer to
being bell-shaped, except for the large mass at zero. Sixty percent of the
patents with GENERAL = 0 had just one citing patent, which means that
GENERAL could only be zero; an additional 25% of these patents had
NCITING = 2, which are very likely to render GENERAL = 0. Still, the
mass at zero is not an ariifact: patents that “fathered” just one or two
further technological developments can claim indeed little generality.'®

Turning o the comelations between F/measures and between
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Figore 4. Frequency Distribution of Basicness Measures

from universities are more basic than those from corporations, and
therefore if our measures do capture aspects of basicness university
patents should rank higher than corporate patents along those dimensions.

The results for IMPORTF strongly support this hypothesis: university
patents received significantly more {irst- and second generation citations,
and the difference seems to increase over time (see the results for 1975 vis
a vis 1980). The figures for GENERAL indicate that the follow-up innova-
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TABLE 2.  Correlations Between Measures— 1980 Sample*

(i) Correlations between Forward Measures

IMPORTF GENERAL TECHF TIMEF PSELFF
IMPORTF 1.0
0.0
GENERAL 0,238 1.0
0.0001 0.0
TECHF 0.003 0.372 1.0
0.927 .0001 0.0
TIMEF —-0.051 0.019 0.006 1.0
0.089 0.524 0.845 0.0
PSELFF —0.619 ~0.074 —0.035 —.161 1.0
0.520 0.015 0.259 0.0001 0.0
(i) Correlations Across F/B Measures
IMPORTF GENERAL TECHF TIMEF PSELFF
IMPORTE 0.255 0.115 —0.047 0.046 0.014
0.00C1 0.0002 0.129 0.132 3.646
ORIGINAL 0.055 0.246 0.203 —0.011 0.006
0.051 0.0001 0.0001 0.721 0.852
TECHB —0.020 0.187 0.387 -0.027 0.051
0.475 0.0001 0.0001 (.381 0.114
TIMEB —0.167 —0.114 0.005 0.090 —0.012
.0001 0.0002 0.878 0.003 0.692
PSELFB —0.057 —0.050 —0.013 —0.040 0.211
0.037 0.103 0.6357 0.130 0.0001
SCIENCE —0,005 0.052 0.038 —0.029 0.017
0.838 0.082 0.204 0333 0.569

*Pearson correlation coefficients; significance probabilities right under.

to the positioning of patents in technology space. Another pair exhibiting
a high corretation is IMPORTF and GENERAL, and likewise IMPORTB
and ORIGINAL.

Notice also the large negative correlation between PSELFF and TIMEEF,
implying that spillovers tend to occur in-house faster than externally. Thus
the same R&D organization may be able to recognize earlier the potential
for further developments of a given innovation, it may have already in
place the requisite competencies needed to develop the successor innova-
tions, etc. For the converse reasons outsiders would take longer in benefit-
ing from spillovers originating in labs other than their own.

6.2 Universities vs. Corporations: Comparing the Means

Table 3 presents the sample means of the proposed measures for university
and corporate patents, and t-tesis for the significance of the differences
between them. To recall, our prior is that research, and research outcomes
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TABLE 3. Comparison of Means: Universities vs. Corporations®

(T} Basicness Measures:

Variabie Universities Corporations
IMPORTF (1973) 8.80 6.0d %%
(1980} 16.76 10,495+
TIMEF 0.31 0.25%=
0.34 0.31°
IMPORTB 26.83 28.22
16.31 23,75%%%
ORIGINAL 0.28 0.27
) 0.20 0.24%
SCIENCE 0.28 0. 165
0.20 0. 10
(ii) Distance Measures:
Variable Universities Corporations
TECHF 0.35 0.3 5%
0.32 031
TECHB .33 (.29
0.30 0.32%
TIMEF 4.44 4.34
6.48 7.69*
TIMEB 9.08 9.22*
7.50 7.73%
(iii) Appropriability Measures:
Variable Universities Corporaiions
PSELFF 0.09 0.1G#*
0.07 0.13%==
PSELFB 0.06 0.1p%=*
0.14 G.14

*The top row of each vatiable corresponds to 1980, the bottom to 1975, "The difference s
significant for a “truncated” sample—see text. ** =**differences from the mean of
university patents statistically significant at the .05 and .01 level, respectively. *figurés for
which the differences from universities have the “wrong” sign (i.e. contrary to the prior).

overs work, and goes in tandem with the finding in our companion paper
(Jaffe et al 1993) of diminishing geographic localization of spillovers over
time.

As conjectured, IMPORTB shows that corporate innovations rely on
more numerous and more “important” predecessors than universities (the
differences though are significant for 1975 but not for 1980). Thus
university research appears to be located nearer the origins of innovational
paths, supporting the notion that this may be an aspect of basicness.
ORIGINAL does not live up to expectations: there is a slight difference for
1980 but it lacks statistical significance, and for 1975 the difference even
has the “wrong” sign, The measure SCIENCE does support the
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Figure 5. Frequency Distribution of Basicness Measures

tions from universities spread indeed more widely over different
technological areas, but the 1975 results suggest that these differences tend
to narrow down over time. In fact, we recomputed GENERAL for the
1975 cohort truncating the citation data in 1984 so as to replicate the time
span of the 1980 sampie, and the results are almost identical to those for
1980. Thus the offsprings from corporate patents tend to be more
technologically concentrated in the short term, but eventually these spill-
overs become more diffused, narrowing the gap between them and
university patents. This fits the common wisdom regarding the way spill-
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hypothesis, and strongly so: university patents do rely relatively more on
non-patent (i.e. scientific) sources than corporate patents (recall that this is
cannot be a “field effect”, since the samples are matched by technology
field)."”

The tesults for the distance measures are weak and inconclusive: the
measure of technological distance is significantly different in 1980 but not
in 1975, whereas in most cases the results for TIME (F and B) run
contrary to the prior, that is, the follow-up innovations of corporations
appear to take longer than those of universities. In sharp contrast to them,
the appropriability measures do perkorm very well: PSELF (F and B) is
much larger for corporations than for universities, suggesting that these
measures may indeed be indicative of the extent to which inventors suc-
ceed in reaping the benefits of their own research.

In sum, with the exception of ORIGINAL, and with some reservation
regarding the time span of GENERAL, the contrast between universities
and corporations suggest that our basicness measures qualify as legitimate
proxies for some fundamental features of innovations. On the other hand,
the conceptual ambiguity of the distance measures surfaces also in the
empirical results: there is some evidence that the offsprings from
university innovations may be more yemote in technology space, but
certainly not in time. In general F/measures perform somewhat better than
B/measures, and the 1980 sample shows crisper results than 1975,

A subsidiary hypothesis was that the basicness measures would exhibit
higher values for patents of top corporations (i.e. the 200 corporations
with the largest R&D outlays) than for those of other corporations.
Presumably the larger corporaiions can afford to invest more in basic
research, since they may be able to appropriate a larger fraction of the
benefits. The evidence does not support this conjecture: with the notable
exception of PSELF (which turned out to be significantly larger for top
corporations), and to a lesser extent IMPORTFE, the differences between
top and other corporations were not statistically significant.

However, it is quite likely that the lack of contrast between themn stems
simply from the particular sample chosen, which is by no means
representative of corporate research, but rather replicates exactly the
composition of university patents. Thus, it may well be that in those
particular fields there is litde difference between small and large R&D

performers, but that those differences do exist in the population of
corporate innovations at large. In fact, a large proportion of our sample is
in biotechnology, and we know that in this field small firms, both by

7%t s possible though that this result reflects to some extent differences in citation
practices between university and corporate researchers, and not just genuine differences in
the nature of their research (i.e. more “sclentific”). However, the fact that there ara symbiotic
linkages between. universities and corporations in fields such as biotechnelogy (where most
of the NPCITES occur) would suggest that citation practices are actually similar;
unfortupately our data cannot discriminate between these effects.
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even though it was awarded 10 years earlier.®® This suggests that this
patent had indeed a strong impact, of which we can observe only the end
tail.

The results for GENERAL are very much in line with expectations: for
the CT scanner, fiber optics and the ruby laser, its value is much higher
than the average for the sample. Indeed, the impact of those innovations
was very broad in scope, reaching a wide range of technological fields. For
the pacemaker the value of GENERAL was much lower than the average,
implying that the spillovers from it were strictly “local”. The low value for
the rDNA patent means that, although this was an extremely important
innovation, its impact was confined to Biotechnology, and did not spill
over to other fields, at least not as those are identified by 3-digit patent
classes in the current patent classification system.

6.4 The Links Between F- and B-Measures

We turn now to a preliminary examination of the linkages between
backward and forward measures, that may throw light on issues related to
the R&D process. In particular, we would like to examine whether or not
the nature of the research efforts (as captured by the B-measures) affect the
features of the resulting innovations. As a first step, we present in table
2(ii} the correlations across the F/B divide. Notice that the largest correla-
tions occur along the main diagonal, that is, between equivalent F/B
measures.” Thus it would seem that “importance breeds importance”,
originality breeds generality, coming from far away in technology space
leads far away as well, etc. In that sense, then, the (ex post) characteristics
of patented innovations appear to be related to the attributes of the
research that lead to them.

Probing further into these links, we run regressions of the two
Fimeasures of basicness, IMPORTF and GENERAL, on the B/measures,
dummies for technological fields, and dummies for corporations (see table
4). The purpose was to estimate a sort of production function whereby the
attributes of the patented innovations play the role of “outputs” and the
features of the underlying research the role of “inputs,” and to see whether
the differences between universities and corporations remain there after
controlling for the characteristics of research and technological fields.

In line with the findings of table 2(ii), the most significant coefficient in
the regression of IMPORTF is its cquivalent B/measure, IMPORTB, and
likewise ORIGINAL is the most significant "in the regression of

*We know from further work done on patent citations that the vast majority of citations
are received during the first 5-10 years after a patent is issued.

#IThe one exception is TIMEB which shows z higher comelation with IMPORTF (and
- slightly higher with GENERAL) than with TIMEF; notice alse that SCIENCE does not have
an equivalent Ffmeasure.
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Ius\tf\l;:tzotr}rliauted for these patents the measures IMPORTF and GE_NE‘IJ{AtIS
in two ways: (1) using all the citati.ons data a'vallable gt pre(slent (ie. ak% °
1994), and (2) truncating the citations data in 1999, in or 'erdto m ko I
comparable to the measures for the sample of university an cglrp e
patents used in the analysis above; the latter are shown in parenthes

the following table:

Citations IMPORT¥F GENERAL
Mean 1975 sample (5) (13 ggz
Recombinant DNA 130 (107 545 (273} .
CT Scanner 98 (95) 485 (380) 0’;’(7)
Cardiac Pacemakers 35 29 166 (118) 0.76~
Fibre Optics 15 (13) 88 (60) 0.

32 (28) 199 (149) 0.59

16 (16) 132 (114 0.48
Ruby Lasexr 6 (4 21 {14) 0.67

Except for the ruby laser, all these patenis had a valu‘e of IMPOR(;F F 5t é{;
10 times higher than the mean for the 1975 sample _01 patents used in the
previous analysis (using citations up to 1990)..Th‘e fact that these 11nnﬁ. -
tions, which are surely “hasic” by external criteria, ShO\.N’. extreme ly t{ge
values of IMPORTE, can thus be seen as prov1d1.ng additional qua .Itécil 1vd
(or “anecdotal”) support to the notion that this _measure mz]?i mh eteit
capture aspects of basicness. As to the ruby laser, 1t 18 remarkaS e tha !
received a value of IMPORTF similar to the average for the 1975 sample,



UNIVERSITY VERSUS CORPORATE PATENTS 47

were to engage in research having similar characteristics, universities
would still produce on average more basic innovations.

7. CONCLUSIONS AND SUGGESTIONS FOR FURTHER
RESEARCH

This paper is a fresh attempt to quantify various aspects of basicness and
appropriability of innovations with the aid of detailed patent data,
particularly patent citations. Relying on the prior that universities perform
more basic research than corporations, we find that the forward-looking
measures of importance and generality do seem to capture aspecis of the
basicness of innovations: similarly, the reliance on scientific versus
technological sources, and (to a less extent)} the closeness to the origins of
innovational paths, appear to reflect aspects of the basicness of research.
On the other hand our measure of originality does not seem to be abie to
discriminate between more and less basic rescarch.

The fraction of citations coming from patents awarded to the same
inventor was found to be much higher for corporations than for universi-
ties, supporting the notion that PSELF may indeed be indicative of actual
appropriability. The measures of technological distance appear to be
related to basicness but the evidence is not clear-cut, whereas distance in
time does not fit our conjectures. In all, then, the F/measures of basicness
and the indicators of actual appropriability passed the test by ample
margins, the measures of B/basicness did somewhat less well, and most
distance measures failed. We also find interesting similarities and high
correlations between equivalent F and B measuies, suggesting that there
‘may be strong “family effects” in successive generations of patents.
Further work along these lines would seek to identify and characterize
different “technological trajectories,” and relate them to conventicnal
economic data. )

Having provided initial support for our measures, we plan in future
work to use them on a wide scale in tandem with other economic data, and
see whether or not they make a difference. An immediate target would be
to redo studies that have used simple patent counts as indicators of innova-
tion, usually with disappointing results. In particular, we would like to
re-examine the series of studies by Griliches and associates at the NBER
(Griliches, 1981; Pakes, 1985; Cockburn and Griliches, 1988), which
sought to identify the impact of R&D and of patent counts on the market
value of Compustat firms. We hypothesize that if we were to use
composite indicators based on our measures instead of simple patent
counts, the impact on stock market value would be much more noticeabie,

In particular, we expect that IMPORTF would have a very significant
effect, and that it will improve even further when adjusting it with
PSELFF, since what should influence the worth of the inventor is just the
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Table 4. Regressions of IMPORTF and GENERAL on B/variables*

IMPORTF GENERAL
1975 1880 1975 1980
Constant 19.7 8.2 03 0.2
(5.7 5.1 {6.8) (5.9)
IMPORTB 0.3 c.1 0.0005 0.0005
6.7) (8.8) 0.9 {1.9)
ORIGINAL —4.0 -2.2 0.11 .18
(= 1.0y (—1.2) (2.3) (4.8)
TECHB 7.0 —0.04 0.17 0.11
(2.3) (—0.02) (4.7 3.4)
TIMEB —0.3 —-0.4 —0.005 —0.005
(—0.8) (—3.9) (—1.4) (—2.2)
SCIENCE —6.1 1.6 —0.04 0.14
(—1.00 (0.8) (—0.5) (3.7
TC -8.7 -3.1 —0.03 —0.05
(—3.8) (—=3.0) (—1.3) (=24
QC —13.0 -3.0 -{.05 ~0.05
{—5.0) (—=2.9) (—1.8) (—2.3)
R? 0.12 010 0.09 . 0.11
# obs. 707 1259 612 1002

*t-values in parentheses. All regressiens include 4 dummies for technological “fields™

GENERAL. Notice however that more basic innovations should be associ-
ated with smaller values of IMPORTB, and hence if basicness leads to
basicness we would have expected a negative sign on the coefficient of
IMPORTB. The positive and highly significant coefficient tha.t we
obtained instzad may be interpreted as follows: very basic researchl (in tl}e
sense of small values of IMPORTB) is likely to exhibit a large variance in
terms of its cutcomes—some may do well, others may fail badly (i.e. high
and low values of IMPORTF). On the other hand, once a research avenue
has proven its worth (i.e. high values of IMPORTR), further sigl}iﬁcgnt
innovations along those lines are very likely to come, showing up in hlgh
IMPORTE. If this effect dominates, we will find indeed a positive associa-
tion between IMPORTF and IMPORTB.

The results for GENERAL suggest that more original research, as well
as research that draws from far removed technological areas (high
TECHB), lead to innovations of wider technological applicability,. More
reliance on scientific sources also enhances the generality of the outcomes
(this finding does not hold for the 1975 sample). The negative signs on
TIMEB in both regressions imply that more important and more genergl
innovations stem from more recent (or up fo date} research sources. It is
also clear that there does remain an “institutional effect” after controlling
for the type of research, meaning that even if universities and corporations
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appropriate rents, not the total. Likewise, we expect thatl GENERAL
would reduce the value of patents of small firms, but not of highly diversi-
fied corporations. Another hypothesis is that thfa B/measures .of })asmness%
would be more closely related to R&D expenditures than to indicators o
performance such as market value. This type of research may pave t}}e
way for the wide- scale use of the proposed measures as key variables in
empirical studies of innovation.

APPENDIX

Examples of Patents with High IMPORTF

(i) Patent 4,059,461; issued: 12/10/1975; Assignee: MIT
IMPORTF = 380; NCITING = 64 _
Title: Method for irhproving the crystallinity of semiconductor films by
laser beam scanning and the products thereof.

Titles of sample of citing patents:

1. Process for producing coarse-grain crystalline/mono-crystalline metal
and alloy films ‘ . ‘
2. Mathod.y of making Schottky barrier diode by selective
beam-crystallized polycrystalline/amorphous .layer .

3. Semiconductor embedded layer technology including permeable base
transistor, fabrication method _

4. Polycrystalline semiconductor processing . ' ‘

5. Meghoﬁ for manufacturing a semiconductor device having regions of
different thermal conductivity

6. Metal surface modification . _

7. Process for manufacturing a semiconductor device having a non-porous

assivation layer ' o

8. E/iethod of fabricating display with semiconductor circuits on
monolithic structure and flat panel display produped thereby .

9. Method of fabricating semiconductor devices using laser annealing

(ii} Patent 4,071,753, issued: 31/03/1975; Assignee: GTE Laboratories

Inc.
IMPORTF = 212.5; NCITING = 53 _ ' .
Title: Transducer for converting acoustic energy directly into optical
energy [using optical fibers].

Titles of sample of citing patents:

1. Fiber optic magnetic sensors -

2. Acoustic to optical pulse code modulating trans_ducer .

3. Method and sensor device for measuring a physical parameter utilizing
an oscillatory, light modulation elerent
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Table 3

Comparison of Means: Universities vs. Corporatlons

(i) Basicness Measures:

Variable Universities Corporations
IMPORTF  (1980) 8.80 6.04
(1975) 16.76 10.49™
GENERAL 0.31 0.25™
0.34 0.31°
IMPORTB 26.83 28.22
16.31 23.75™
ORIGINAL 0.28 0.27 .
. 0.20 0.24*
SCIENCE 0.28 0.16™
0.20 0.10™
(ii) Distance Measures:
Variable Universities Corporations
TECHF 0.35 ' 0.30™
- 0.32 0.31
TECHB 0.33 029
Lo 030 S e A
TIMEF - 4.44 4.34
6.48 7.69°
TIMEB 9.08 9.22"
7.50 7.73*
(iii) Appropnab:llty Measures
Varlable Universities Corporations
PSELFF 0.09 0.19™ .
0.07 0.13™
PSELFB 0.06 0.16™
- 0.14 0.14

" The top row of each variable corresponds to 1980, the bottom to 1975.
* The difference is significant for a “truncated” sample - see text,
# ﬁgures for which the differences from universities have the “wrong” sign (i.c. contrary to the prior).
" differences from the mean of university patents statistically significant at the .05 and .01 level,
respectwely



