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ABSTRACT

We explore the commercialization of government-generated technology by analyzing patents
awarded to the U.S. government and the citations to those patents from subsequent patents. We use
information on citations to federal patents in two ways: (1) to compare the average technological
impact of NASA patents, “other Federal” patents, and a random sample of all patents using measures
of “importance” and “generality;” and (2) to trace the geographic location of commercial
development by focusing on the location of inventors who cite NASA and other federal patents. We
find, first, that the evidence is congsistent with increased effort to commercialize federal lab
technology generally and NASA specificaily. The data reveal a striking NASA “golden age” during
the second half of the 1970s which remains a puzzle. Second, spillovers are concentrated within a
federal lab complex of states representing agglomerations of labs and companies. The technology
complex links five NASA states through patent citations: California, Texas, Ohio, DC/Virginia-
Maryland, and Alabama. Third, qualitative evidence provides some support for the use of patent

citations as proxies for both technological impact and knowledge spillovers.
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I.  Introduction

Federal research mstitutions comprise a significant component of the U.S. research
infrastructure. The approximately 700 Federal labs are extremely heterogeneous, varying
from the large “National” laboratories of the Department of Energy such as Las Alamos
and Oak Ridge, to small highly specialized facilities. They include “intramural” facilities
that are owned and operated by the Federal government, and also Federally Funded
Research and Development Centers (“FFRDCs”), which are operated by a university, a
private firm or a non-profit organization but receive all or most of their funding from the
Federal Government. Examples of intramural labs include the National Institutes of
Health, the National Institute of Standards and Technology (NIST) within the Department
of Commerce, and the research centers of the National Aeronautics and Space
Administration (NASA). Examples of FFRDCs include the DOE National Labs and the
NASA-funded Jet Propulsion Laboratory operated by Cal Tech. In 1995, approximately
$25 billion of R&D was performed at federal research institutions, which is about 14
percent of the aggregate U.S. research effort, and about 41 percent of Federal spending on
R&D. For comparison, universities—the other major locus of public research—
performed about $22 billion of R&D, of which about $13 billion was funded by the
Federal government, only 21% of Federal research expenditures (National Science Board,
1996).!

The last 15 years have seen increasing policy and academic mterest in the role of
Federal labs in commercial innovation. Beginning with the Stevenson-Wydler Technology
Innovation Act in 1980, and continuing with the Federal Technology Transfer Act of
1986, the National Competitiveness Technology Transfer Act of 1989, and the Defense

Conversion, Reinvestment, and Transition Assistance Act of 1992, Congress has

! It is important to note that the overall research budgets of intramural federal labs such as the National
Institutes of Health or the NASA research centers include large doflar amounts that are distributed as
research grants or contracts to other parties; the amount of research funding actually spent at the facility
may be a small fraction of the total budget. The dollar figures cited in this paragraph come from
compilations by the National Science Foundation of research expenditure by locus of the research, and
hence include only the expenditures for research performed at the labs. Comparable numbers for
individual agencies are not generally published.



implemented statutory changes explicitly designed to foster the transfer of technology
from the public sector into the private sector. The biannual Science and Engineering
Indicators now publishes a wealth of statistics documenting technology transfer activities
at the labs. There have been several studies by the Congressional General Accounting
Office of such activities.”

This paper aﬁalyzes patents awarded to the U.S. government, and the citations
received by those patents from subsequent patents taken out primarily by private firms.
The citation analysis allows us to examine two aspects of the production of commeréia]ly
relevant technology by the federal government. First, we use the frequency and diversity
of citations received to measure the “importance” and “generality” of the inventions that
are emanating from federal laboratories. We examine how these have changed over time.
Second, we examine the geographic locus of citing patents to infer where the subsequent
commercial development of technologies that originate at the labs takes place. We focus
particularly on patents awarded to NASA, but also examine patents awarded to other
federal agencies. .

There is a large and growing literature on the use of patents and patent citations to
infer the technological output and impact of different institutions. As discussed further
below, there is evidence confirming the validity of patent citations as a measure of
technological impact. There is not, however, a clear understanding of the exact nature of
the relationship between citations and technology flows. For this reason, in addition to the
quantitative analysis, we undertake a detailed qualitative analysis of the citations to a small
number of NASA patents in order to gain a richer understanding of the inferences that can
be drawn about technological impact and its geographic distribution by examining

citations data.

2 Most recently, “National Laboratories: Are Their Activities Related to Commercial Product
Development?” GAO/PEMD-95-2, November 1994




II. Patents and Patent Citations

A, Background

There is a long history in economics of the use of patent data to understand the
processes of invention and innovation (Schmookler, 1966; Griliches, 1984 and 1990; Jaffe
1986). A patent is a temporary monopoly awarded to inventors for the commercial use of
an invention, For a patent to be granted, the invention 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 commercial value. If a patent is granted, an
extensive public document is created, containing detailed information about the invention,
the inventor, the organization (if any) to which the inventor assigns the patent property
right, and the technological antecedents of the invention. All of this mformation can be
accessed in machine-readable form. As a result, there has been much recent interest in
exploiting this more detailed information to understand the process of invention.

In particular, the “references” or “citations” that appear in a patent identify earlier
inventions whose claims are sufficiently close to the claims of the citing patent that the
patent'examjner deems it necessary to identify them. The citations that appear in a patent
serve the important legal function of delimiting the property right granted by the patent, by
identifying “prior art” that is not covered by the property right granted in the citing patent.
Thus the citations contained within a patent convey information about the technological
antecedents of the invention covered by the patent. Conversely, we can identify the
subsequent patents that later make citations to a given patent, thereby learning something
about the technological descendants of the cited invention.

Previous research has used information on citations made and received by patents
to draw inferences about the process of technological accumulation (Caballero and Jaffe,
1993); about the “basicness” or importance of particular inventions (Trajtenberg,
Henderson and Jaffe, forthcoming); about changing pat‘tems of importance of university
patents over recent decades (Henderson, Jaffe and Trajtenberg, forthcoming) and about
the extent to which knowledge épi]lovers are geographically localized (Jaffe, Trajtenberg
and Henderson, 1993). Trajtenberg (1990a and 1990b) has shown that there is a



correlation within a family of products between the number of citations received by the
patent covering a particular model and the consumers’ surplus generated by that model.

In this paper, we use information about the citations made to federal patents in two
ways. First, we compare the total number of citations received and the technological
diversity of those citations to compare the average technological impact of NASA patents,
other federal patents, and a random sample of all patents. Second, we look at the
geographic location of the inventors who cite NASA and other federal patents, to see the
extent to which subsequent commercial development of ideas related to federal research

occuzs nearby, elsewhere in the U.S., or overseas.

B. Details

The data are drawn from the universe of patents granted by the U.S. patent office
between 1963 and 1994, with information on the citations made to these patents for the
period 1977-1994. The computerized patent office files only identify the “assignee” by
name beginning in 1969, although the data back to 1963 are coded to distinguish patents
on the basis of whether the patent was assigned to a corporation, the government, or
unassigned. For this reason, we can only identify patents assigned to NASA beginning in
1969, but we can identify U.S. government patents throughout the 1963-1994 period. We
construct three distinct sets of patents for analysis. The first consists of the 3782 patents
assigned to NASA between 1969 and 1993° (the “NASA sample™) The second sample
consists of the 37939 patents assigned to the U.S. government between 1963 and 1993,
excluding those identified as belonging to NASA (the “other federal” sample). This
sample includes patents from 1963-1968 assigned to NASA. For the period after 1969
when we are able to identify the specific department or agency to which the assignment
was made, 67% are assigned to the armed services, 19% are assigned to the Department
of Energy, 6% are assigned to the Department of Agriculture, and 3% are assigned to
Health and Human Services (which includes the National Institutes of Health).

* We terminate the samples in 1993 because our citations data ends in 1994, and patents granted in 1994
are unlikely to have been cited in that year.



The last sample consists of a 1 in 100 random sample of all patents granted to
inventors residing in the U.S. (the “random sample”). * This sample contains 13997
patents for the period 1963-1993. Thus pooling the NASA, other Federal and random
samples yields the basic dataset used in the analysis, which contains 55710 patents.’

Construction of “Importance.” We constructed the total number of citations
made to each of the 55710 patents in the basic sample from patents granted between 1977
and 1994, (Note that one patent received 103 citations.) We call this citation count
“importance.” As can be seen from Table 1, the average patent in the dataset received 3
or 4 citations from patents between 1977 and 1993, Obviously, importance as we
measure it differs greatly across time cohorts, Very recent patents will have received very
few citations by the end of the period, and very old patents will have received many of
their citations before 1977. Hence importance can only be compared across patents with
the same grant date.® In addition, citation practices may vary somewhat across different
ficlds of technology. For descriptive purposes, we will categorize patents into 5 broad
fields.” For statistical analysis, we control for technological field effects using “dummy”
variables for each 3-digit patent class used by the patent office to classify technologies.
There are approximately 400 such classes spanning the range of patentable technologies.®

Construction of Generality. Following Trajtenberg, Henderson and Jaffe
(forthcoming) we calculated the “generality” of each patent by examining the distribution

of citations received by the patent across the 3-digit patent classes. Specifically, we took

* This sample consists of patents granted to corporations, to individual inventors, and also to the federal
governmment. Federal patents are only about 3% of the universe of domestic patents.

* § patents had to be dropped because of incomplete data.

®One could imagine comparing cohorts by looking at the number of citations received after a given period
of time. Unfortunately, the number of citations made per patent has also been systematically increasing
over time, complicating this analysis. For a more detailed analysis of the time-pattern of citations, see
Jaffe and Trajtenberg, 1996

” Drugs and Medical Technology; Chemicals and Chemical Processes Excluding Drugs; Electronic,
Optical and Nuclear Technologies; Mechanical Technologies; and All Other

8 Examples of patent classes are Robotics;, Genetic Engjineering, Distillation Apparatus; Screws and
Fasteners; and Whips and Whip Apparatus. There are no patents in our dataset in the latter class.



the fraction of citations received from patents classified into each patent class, and
summed these squared fractions to yield a Herfindahl-like index of the concentration of
citations across patent classes. We define generality as one minus this Herfindahl index of
concentration. Thus generality is an index that is zero if all citations are received from
patents in the same class (i.e., the Herfindahl concentration index is unity), and which
approaches unity for patents whose citations are extremely dispersed. As shown in Table
1, average generality is about .3; there are many patents with generality of zero, and the
maximum generality in our sample is .92. Note that generality can only be computed for
the 40865 patents that received at least 1 citation.

Geographic Analysis. For the geographic analysis, we limit ourselves to patents'
coming from 5 “states” that have significant NASA facilities: California, Ohio, Texas,
Virginia/DC/Maryland, and Alabama® (the “NASA complex™). This analysis is also limited
to those patents receiving at least 1 citation. This sample is 19776 patents. For each of
these patents, we calculate the fraction of citations coming from the same “state;” the
fraction that comes from any of the “NASA complex” states other than the state of the
cited patent; the fraction coming from states other than NASA complex states; and the

fraction coming from the rest of the world.

III. NASA and Other Federal Patents: Trends and Patterns

A. Totals ever time

Figures 1A-1C show the trends in 3 patent series: NASA, other federal, and
aggregate patenting over time, broken down by 5 major technology fields. Not
surprisingly, the rate of NASA patenting at the end of the 1960s was much higher than in
subsequent years. From a peak of almost 350 patents granted in 1971, patenting fell
rapidly to a low of about 75 patents per year between 1979 and 1982. This increased to

® The geographic locus of the patent is based on the address of the inventor. Because comnmting patterns
in the DC area overlap, we combined Maryland, Virginia and the District of Columbia into a single
“state™ for the purpose of our analyses. Approximately 90% of all NASA patents have inventors from
these 5 “states.”



about 150 per year in the mid 1980s, fell slightly in the late 1980s, and has recently
recovered to the level of 150 per year.

The interpretation of the NASA patent series over time is clouded by changing
NASA policy with respect to patenting by NASA contractors. By law, NASA retains the
property right in any invention developed by private firms using NASA research or
procurement funds. Such firms can, however, seek a waiver of this right in order to patent
commercially valuable inventions in their own name. If such a waiver is granted, then any
patent that results will be assigned to the firm and will not show up as a NASA patent in
our data. On the other hand, NASA has the right to deny the waiver and seek a patent in
its own name, in which case our data would include a “NASA” patent that was funded by
NASA money but which did not come out of research performed at a NASA facility. In
principle, therefore, our NASA sample is a mixture of unknown proportions between
patents from research performed at NASA facilities, and patents from NASA contracts or
grant research where waivers were denied. We were told that the waiver policy became
increasingly lenient through the 1970s. This resulted in a situation by the early 1980s
where waivers were essentially automatically granted.'® All else equal, this would produce
some decline in the number of patents in our NASA sample, as patents from contract
research where waivers were denied gradually disappear, ™

“Other Federal” patents remained approximately flat at about 1600 per year from
1965 through 1976, and then fell significantly, to the rate of about 1000 per year, which
has held until today, with the exception of a dip in the late 1980s. Unlike NASA, the
Defense Department, the Department of Energy and DOE’s predecessor, the Atomic
Energy Commission, do not requiré waivers before their contractors can patent inventions
derived from funded research. This means that the “other Federal” sample is not likely to
be significantly contaminated by patents that do not originate at the labs. On the other

19 personal communication with Sylvia Kraemer, NASA Special Studies Division

U The need to apply for waivers was eliminated by statute in 1980 in cases where the contractor is a
university or othetr non-profit entity. Note that the NASA Jet Propulsion Lab is owned and operated by
Cal Tech; this means that there might be some JPL inventions before that date in our NASA sample (ifa
waiver was denied), but JPL patents are presumably not in our sample after 1980.



hand, it also means that many patents originating at FFRDCs (including the large National
Labs) may appear in the name of the operator of the facility rather than the government.
This difference has to be considered when comparing NASA patents to other Federal
patents.

The historical pattern of total patents granted per year, as indicated by our random
sample, is similar to that for federal labs other than NASA: a plateau through the late
1970s, followed by a decline and then leveling off. Note that all three series show an
increase in patenting some time around the late 1980s. However, the exact timing differs
somewhat in each case.'

The rate of patenting is determined by the scale of research effort, the success of
that effort, and the “propensity to patent” whatever research outputs have been produced.
If the statutory activity regarding technology transfer has affected the behavior of the labs,
we would expect that the labs’ propensity to patent was increased. Assuming that the
success rate has not changed systematically over time, we can get an indication of changes
in the propensity to patent by examining the ratio of patents to R&D effort, proxied by
expenditure. Figure 2 shows patents per million dollars of R&D expenditure for the three
samples over time. In order to make broad movements more visible, and allow for the lag
of 1 to 3 years between patent application and patent grant, each point in Figure 2 takes a
moving average of lab research expenditures and divides that research number into a
moving average of the number of patents, moved forward 2 years."”> Figure 2 shows that
the propensity to patent for all domestic patents declined steadily up until about 1981, It
has been roughly constant since. For non-NASA federal patents, the decline continues
until about 1986. Then there has been ‘steady growth. Though the rise in the propensity

to patent since 1986 is consistent with the policy mandate for increased commercial

2 Year-to-year movements in these series can be artifacts of patent office operations. For example, the
sharp dip in 1979 in all series is due to the fact that the patent office ran out of money for examiners in
that year (Griliches, 1989).

13 The denominator for NASA is fiscal year budget obligations for intramural facilities. For other federal
labs, we divide by total R&D expenditures of federal facilities and FFRDCs. The “all domestic patents™
series is estimated by taking the random sample patents, multiplying by 100, and dividing by total
industry R&D. All R&D dollars are deflated to 1987.



relevance, it is worth noting that by the carly 1990s labs’ propensity to patent had only
returned to what it was in 1978,

Figure 2 shows that the steep dechne in NASA patenting shown in Figure 1A over
the 1970s was a combination of declining NASA research spending and declining
propensity to patent at a rate approximately comparable to that for both other federal and
all domestic patents.”* Throughout this period, NASA’s propensity to patent is somewhat
below that for other federal labs. In the early 1980s there was a significant increase in
NASA patents per dollar of research expenditure, up to approximately the level of the
other federal labs. Since then, NASA patenting has moved in approximate proportion to

research expenditures, leaving the ratio approximately constant.

B. Importance and generality

Figure 3 shows some comparisons of the 3 groups across technological fields,
averaged over the entire time period. For the random sample of all domestic patents, 35%
are mechanical; 25% chemical (exchuding drugs); 19% relate to electronic, optical or
nuclear technology; 6% are for drugs or medical technology; and 15% are in the residual
“all other” category. The NASA patents exhibit a share for “clectronics/nuclear” that is
double that of the universe. There are offsetting reductions in all other categories,
particularly chemicals and “all other.””® Other federal patents have a concentration in the
electronics/nuclear category that is similar to NASA’s, but have a much lower share in the
mechanical category than either NASA or the universe.'®

The lower 2 panels of Figure 3 compare the importance and generality of the three
groups of patents within each of the five fields. It should be noted that, unlike the

* The fact that NASA’s patents per research dollar declined in the 1970s at about the same rate as both
the rest of the government and patents as a whole suggests that the disappearance from our sample of
contractor patents denied waivers may not have been quantitatively significant.

15 Note that patents relating to propulsion systems and other aspects of acronautics would be classified for
this purpose as “mechanical.”

16 As can be seen in Figure 1, the field composition of patenting has been changing somewhat over time.

The biggest change is that aggregate patenting has been shifting towards drugs and medical technology,
and away from mechanical and chemical.

10



regression results described below, these comparisons do not control for time effects or
for differences across technologies within the five broad fields. Still, the patterns are
interesting. NASA patents are the most important, on average, in 3 of the 5 fields. They
are the most general in all 5 fields. In contrast, other federal patents are, on average, the
least important of these 3 groups in all 5 fields. The differences are moderately large.
Other Federal patents do better when measured by generality; although they lag NASA
patents, they are close to as good or better than the random sample in every field except
“all other.” We will see below that some of the differences shown in Figure 3 remain after
controlling for time and more detailed technology area effects, while some do not.

Figure 4 shows the relative importance and generality of the different samples over
time (ignoring differences across fields). The rising and then falling pattern in all series is
an artifact of the data construction. As noted above, both very recent and very old patents
tend systematically to have fewer citations in our sample For this reason, we will not
attempt to draw any conclusions about changes in the importance or generality of the
random sample over time. We w1ll focus on these measures for the two federal samples
relative to the random sample. Figure 4 suggests that non-NASA federal patents are
systematically less important than the random sample, and were also less general up until
about 1975. In contrast, NASA patents are comparable in importance to the random
sample. There was a period in the late 1970s when they appear to have been more
important on average. Their generality is also comparable. Again, there was a period in
the late 1970s, perhaps extending into the early 1980s, when they became more general.
In the next section, we will test the robustness of these findings to controlling for
technology field effects.

C.  Geographic impact

Figure 5 shows the fraction of all patents containing citations to NASA patents, by
state of the citing patent. Five “states” (Virginia/Maryland/DC, New Mexico, Alabama,
Washington and California) have 2 percent or more of their patents containing citations to
NASA patents. For perspective, NASA patents in the aggregate comprise less than 2-
tenths of one percent of all patents. An additional four states (Arizona, Massachusetts,
Ohio and Utah) have NASA citations in more than 1.5% of their patents. It is clear from

11



Figure 5 that no one factor explains high citation rates to NASA patents. States like New
Mexico and Washington do not have NASA facilities, but do have research enterprises
that are focused on teclmological areas where NASA plays an important role.
Virginia/Maryland/D.C., Alabama, Ohio and California all have NASA facilities and high
rates of NASA citation. The only state with a significant NASA research presence that
does not have a high citation intensity is Texas, which ranks 17th at 1.2%. This probably
reflects the shear size and diversity of the state in which pockets of NASA-related activity
are not of sufficient size relative to other patenting areas (such as petrochemicals) to affect
the overall NASA citation intensity.

Figure 6 exhibits the fraction of all patents in each state that contain citations to
the “other Federal” group of patents. This distribution is considerably more skewed.
Whereas federal patents comprise 2-3 percent of all patents over this time period, almost
half of all patents in New Mexico contain citations to federal patents. This reflects the
extreme dependence of that state’s research activity on the federal government. Other
states with very high fractions are Alabama and Virginia/Maryland/DC. Following these
are Washington, Utah and California, all states with significant federal lab presence. As
with citations to NASA patents, the presence of major federal facilities is one explanation
for high citation intensities, but it clearly is not the only factor. The regression analyses

below test its significance.

IV. Regression analysis of citations

Table 1 presents simple statistics for these 3 samples. Based on Figure 3, it should
not be surprising that NASA patents are more important and more general than the
random sample, while the other Federal patents are less important and slightly less general.
Note, however, that the average vintage differs across the groups. NASA patents are on
average younger (because we have none from 1963-68) and the federal patents on average
older (because federal patenting in recent years has grown more slowly than overall
patenting). Because it is invalid to compare citation intensities of different vintages, these

differences must be controlled for in a rigorous comparison of the groups.
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A.  Importance and generality

Because of the large number of data points in our samples, it is possible to
incorporate a large number of control variables in the analysis. Qur basic strategy is to
include dummies for patent class and grant year of the cited patent in all analyses. For
regressions involving the entire dataset, this involves 30 “year dummieé” and
approximately 390 patent class dummies.

The simplest analysis merely regresses importance and generality on the year and
class dummies, plus dummies for being from the NASA or “other Federal” subsamples.
These dummy coeflicients thus reflect the average difference between the NASA and
other federal subsamples, relative to the random sample, controlling for patent class and
cohort effects. Motivated in part by Figure 3, this analysis was carried out separately for
each of the five broad technical fields. The results are presented in Table 2. Comparison
of Table 2 and Figure 3 indicates that the simple calculation of means in Figure 3 can be
somewhat misleading. With respect to importance, NASA patents are significantly more
important than the random sample in the mechanical category, and significantly Jess
important in the chemicals and electronics/nuclear category. Consistent with Figure 3, the
Other Federal patents are significantly less important than the random sample in all five
categories. With respect to generality, NASA mechanical and all-other patents are
significantly more general than the random sample and are statistically indistinguishable
from the random sample in the other categories. The other Federal patents are statistically
indistinguishable from the random sample in all five categories.

Tuming to the patterns over time, Table 3 and Figures 7 and 8 present the results
of regressions in which the NASA and other Federal dummies are interacted with year
dummies. This allows us to estimate a separate difference between these groups and the
random sample for each year. We continue to control for patent class effects, although we
do not allow the differences among the groups to vary by technology field. In this case,
the results, after controlling for other effects, broadly confirm the simple comparisons
shown in Figure 4. Non-NASA federal patents are less important than the random sample
throughout the period, although this difference is not statistically significant by the 1990s.
In contrast, NASA patents appear to have had a “golden age” in the second half of the

13




1970s in which their importance exceeded that of the random sample, followed by a
decline through the 1980s, so that they are mdistinguishable from other federal patents by
the second half of the 1980s.

Because the distribution of citations across patents is extremely skewed, it is worth
asking whether the apparent “golden age™ in NASA patenting might be driven by a small
number of extremely highly cited patents. Looking at the complete citation distribution by
year for the NASA patents suggests that this was not the case. In particular, there is no
identifiable change over time in the ratio of the mean number of citations to the median,
This suggests that the higher citation rate during this period was not confined to a handful
of patents.

With respect to generality, non-NASA federal patents are less general than the
random sample in the 1960s. However, they improve their relative importance to
essentially par from the late 1970s through the present. NASA patents are more general
than the random sample from about 1975 through about 1985, with NASA relative
generality showing a decline that mirrors that for importance. However, the superiority in
generality lasts slightly longer.

An interesting questiont that we cannot answer is whether the disappearance over
the 1970s of the contractor patents for which waivers were denied relates to the changing
importance and generality of the NASA patents. If this change alone were to explain the
pattems in Figures 7 and 8, what would have to be true is that the contractor patents that
were assigned to NASA before waivers became automatic were systematically more
important and more general than other NASA patents. There is no apparent reason why
this should be true. Technological significance was never a criterion for granting or denial
of a waiver; before waivers became automatic, they were denied in cases where the case
for the commercial value of the invention was weak. Still, the close coincidence of the
timing of disappearance of the contractor patents and the decline in average importance

suggests there may be a relationship.'’

17 The best test for this hypothesis would be to examine the importance and generality of patents obtained
by contractors when waivers were granted. Unfortunately, NASA does not appear to keep systematic
records of patents that result from the granting of waivers.
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B. Geographic Localization

In order to investigate the geographic localization of the patent citations
consistently across our data, we focus our attention on a subset of each of our three
subsamples -- those patents whose primary inventor resides in one of the states from
which a significant number of NASA patents originate: California, Ohio, Texas, Alabama,
Maryland, Virginia and the District of Columbia. We refer to this set of states as the
“NASA complex.” We include in our analysis all cifations to these patents, regardless of
where they come from. As shown in the top part of Table 4, both the NASA patents and
the other federal patents get fewer of their citations from the same state as the cited patent
in comparison to the random sample.'® Almost all of this difference is then made up in a
commensurably higher rate of citation from the other NASA complex states; so the
fraction of citations from other U.S. states and other countries are similar across the
groups. Of course, these contrasts do not control for differences in either technological
field or timing across the groups.

To control for such differences, we regressed the fractions on dummies for cited
year, dummies for patent classes, and dummies for NASA and other Federal. In addition,
for this component of the analysis we also included dummy variables for the specific
states. What this means is that the coefficients on NASA and “other Federal™ are not
influenced by the fact that more or less of the cited patents in those groups come from
particular states.”” The results are presented in the bottom half of Table 4. Controlling for
time, state, and patent class effects reduces but does not eliminate the differences among
the groups. NASA and other federal patents are significantly less likely to receive their
citations from the same state, and significantly more likely to receive them from the other
NASA complex states. For the NASA patents, we interpret this to mean that the relevant
“local” area is, to a significant degree, the complex of states where NASA operates. This

1% Interestingly, universities are more like firms in this respect, with about 17% of citations coming from
the same state (Henderson, Jaffe and Trajtenberg, forthcoming).

19 Bor example, the results show that the rate of citation from the same state is about 10 percentage points
higher for patents originating in California, presumably simply because California is such a large state.
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interpretation is strengthened by the fact that the fraction of citations from other U.S,
states and from foreign countries is indistinguishable from the random sample.

Other federal patents show a pattern similar to NASA, though somewhat weaker.
We interpret this to suggest that there is probably a larger, somewhat more complex
“complex” for other federal labs, but it overlaps significantly with the NASA complex as
defined here. This issue obviously requires further study.

The localization effects shown in Table 4 are influenced by “self-citations.” We
define these as citations coming from patents assigned to the same organization as the
cited patent. Self-citations are more likely to be geographically localized than other cites.
In a world of global organizatiohs they are by no means exclusively local. For some
purposes, such as examining the role of new technology in regional economic growth, the
fact that a disproportionate fraction of local citations may be self-cites may not be an
important consideration. If, however, we desire to use citations as indicators of possible
paths for reseafch spillovers across organizations, it makes sense to exclude self-citations.
Further, since the extent of self-citation likely differs between government and private
research organizations, it is useful to know whether comparisons between the groups are
affected by the presence of self-citations.

Table 5 reproduces all of the results of Table 4, excluding all citations that are self-
citations.”® Hence the fractions from the same state, NASA complex, etc., are calculated
excluding self-citations in both the numerator and denominator of the fractions.
~ Comparing Tables 4 and 5 reveals that self-citations are indeed more localized. In the raw
data, self-citations come from the same state 45 to 60% of the time, depending on the
sample. Excluding self-citations (which comprise about 10% of citations for the federal
labs and about 15% for the random sample) thus lowers the fraction from the same state
by roughly a third. Interestingly, the fraction of citations from other NASA complex
states is virtually the same in Tables 4 and 5. This implies that the fraction of self-citations

from those states is about the same as the fraction of non-self-citations. The decline in the

» For NASA patents, self-citations are those coming from NASA patents; for other Federal patents, self-
citations are those coming from patents assigned to the same agency or department as the cited patent, and
for random sample patents, self-citations are those assigned to the same organization.
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same-state shares going from Table 4 to Table 5 is offset primarily by increases in the
foreign and “all other U.S.” shares.

The bottom half of Table 5 examines localization fractions for non-self-citations
controlling for patent class and state effects. The results are similar to those in the bottom
half of Table 4, except that the lesser same-state localization for NASA and to some
extent “other Federal” is somewhat attenuated when self-citations are excluded. What this
says is that part of the less localization of the federal lab patents as compared to the
random sample in Table 4 results from the fact that citations to non-federal patents are
more likely to be self-citations; also, self-citations are more likely to be localized. Once
self-citations are excluded, citations to NASA patents are about 2 percentage points less
likely to come from the same state. Since the raw same-state fraction (excluding self-
citations) for the random sample is about 13%, this is a non-trivial difference.

This lower same-state fraction is ahnost entirely offset by a higher fraction of
citations in the other NASA complex states. Consequently, the fraction coming from the
rest of the U.S. and from abroad is not distinguishable from the random sample. In other
words, the fraction of citations coming from the entire NASA complex (including the
same state) is about the same for all three groups of patents, Within the NASA complex,
however, NASA citations, and, to a lesser extent, other federal lab patents, are less

concentrated in the state of the cited patent.”

V. Qualitative Evidence on NASA Patents and Patent Citations
Our analysis of NASA’s patents provides some intriguing evidence on technology
spillovers from federal labs. The analysis rests, however, on the explicit assumption that

patent citations reflect flows of knowledge, and that citations received tell us something

2! Almeida and Kogut (1996) have shown that, in the semiconductor industry, geographic localization of
citationg across firms results from the tendency of inventors who change firins to take their research
trajectories with them, combined with a greater likelihood for an inventor to move to another firm in the
same geographic area, as compared to the likelihood of moving to a firm in another area. Assuming that
NASA and other federal scientists are less likely to move back and forth between government labs and
private firmg than industry inventors are to move between firms, this might explain the somewhat lower
geographic localization of citations to government patents.
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about the technological significance of patents and the underlying inventions. In this
section we explore qualitatively the relationships among patents, patent citations and
technology spillovers. We have three main purposes for this part of the paper: (1) Use
the qualitative information gained from interviews to improve quantitative analyses of
federal lab commercialization using patent data; (2) Develop a deeper understanding of the
pathways through which federal lab research influences firm performance (in this case,
innovation by firms); and (3) Validate the use of patent citations for analyzing knowledge
flows.

To achieve these objectives, we undertook a detailed analysis of the invention and
patenting of the Electro-Physics Branch (EPB) of the NASA-Lewis Research Center
located in Cleveland, Ohio, which is directed by one of the authors. In addition to Banks’
intimate knowledge of the inventions, patents, and technology transfer activities of the
EPB, we also talked with a number of other people with knowledge about patenting and
technology transfer involving govemment labs.*> EPB is involved in the development of
high performance durable power materials and surfaces technology to meet NASA,

national, and U.S. industrial needs.

A.  Evaluating EPB’s Patents and Patent Cites

We began by identifying EPB’s thirty-eight patents as of October 1996. These
patents had received 160 citations through 1994, of which 139 are from other
organizations. Seven EPB patents received more than ten citations, representing nearly
70% of all citations. One stood out with 33 citations (#4,490,229: “Deposition of
Diamondlike Carbon Films”). Two of EPB’s patents have been licensed: patent #
4,620,898 has been licensed to J.P. Technologies (long-life sputter masks) and #
4,560,577 which is licensed to Air Products and then assigned to Diamonex, Inc. (dual
beam deposition of diamond-like carbon films).

2 Interviews for this paper included: EPB’s branch chief, EPB personnel, selected firms working with
EPB, NASA-Lewis’ patent attorney, TRW’s patent attorney, BF Goodrich’s director of Corporate
Technology (Specialty Chemicals Division), Picker, International’s patent attorney and Director of
Technology Marketing, Owens-Corning’s R&D Director, and a former R&D director of GE’s engine
division.
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We analyzed in detail citations made to the seven EPB patents that received 10 or
more citations overall. We limited the analysis to citing patents that themselves received
10 or more citations (“important” citing patents). This resulted in 26 citing patents. The
relationship between these 26 citing patents and the EPB patent that they cite was
analyzed along three dimensions. First, Banks determined whether the inventors or the
organization associated with the citing patent had ever had personal communication
contact with EPB. This characterization was made based on Banks’ lab notebook records.
To further explore the relationship between citations and communication, we identified 18
additional patents which were assigned to organizations known by Banks to have had
extensive contact with EPB, and whose subject area was closely related to those of EPB
patents,

Second, in order to get a sense for the extent to which citations truly correspond
to our concept of inventions building upon one another, Banks characterized the
technological relationship between the inventions captured in the citing and cited patents.
This characterization took the form of determining whether the technologies embedded
the two patents were the same, related or unrelated; and whether the application to which
the technology was put was the same, related or unrelated. In other words, each
citing/cited patent pair was placed in a 3X3 matrix mdicating whether the technology and
its application were the same, related or unrelated.

Finally, irrespective of communication or lack thereof, Banks characterized the
likelihood that each mvention described in a citing patent had benefited from any kind of
knowledge spillover from the cited invention. He categorized each cite on a scale of 1
through 5 (1 =spillover highly unlikely and 5 =spillover certain). This was done on the
basis of such evidence as parallel citations to related scientific papers and details of the
invention that seem to indicate influence. »

Figure 9 presents the data on cach of the 26 EPB patent citations plus the 18

patents not containing citations. The 2x2 matrix groups each citation based on whether

> While patent citations can be inserted by the patent attorney or the patent examiner in cases where the
inventor was unaware of the earlier invention, citations to scientific papers are much less likely to appear
in this way.
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there is evidence of a direct contact with EPB (yes, no) and whether there is a citation to
an EPB patent (yes, no). The number in parentheses refers to the number .Of citing/cited
pairs of each type. The letters A through I correspond to the nine combinations: same
technology/same application, same technology with related application, etc. The number
next to the A through I designation represents the spillover rank. So, for example, in the
“no contact/ yes cite” cell, (3) A4 means there were 3 A cases (same process or
technology and same application) with strong evidence of technology spillover (a rank of
4 on the scale of 1 through 5). |

Figure 9: Citations to Electro-Physics Branch Patents
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*The number in parentheses refers to the
frequency for the category. The number following
the category represents the evaluation of “spillover”
(1 is highly unlikely and 5 is certain).

S=same, R=related, U=unreiated

Technological relationship between inventions connected by citation. These
qualitative results indicate considerable diversity of technological connections underlying
citations. First, approximately one-third (8/26) of citations are cases where neither the
technology nor the application are clearly related to the cited patent (category I). The
source of these apparently spurious citations is not entirely clear, although some views on
their origin from industry participants is discussed below. Second, at the other extreme,
there are a handful of citations (3/26 or nearly 12%) where both the technology and the
application are essentially the same as the cited patent (category A). In theory, an

invention that uses an existing technology for an existing application should not be
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patentable; these citations appear to represent the margin of patentability where minor
variations in approach or features suffice to achieve the novelty or “non-obviousness”
required for patenting.”*

The remamder of cases (15/26 or or roughly three-fifths) correspond to situations
in which citing patents utilize the same or related technologies in unrelated applications; or
conversely, apply unrelated technologies in similar applications. We believe these partiaily
related inventions (which comprise the majority of all citations) correspond reasonably
well to our conception of citations as indicating some sort of cumulative technological
impact.

Evidence of influence or knowledge spillover from cited to citing inventions. In
order to understand the extent to which citations can be used as a proxy for flows of
knowledge between inventors, Banks examined evidence of explicit communication
between EPB scientists and the inventors on patents that cite EPB patents. In addition,
Banks provided a list of firms that he knew had learned from and utilized EPB research,
and a systematic search was made to determine if the patents of such known “spillover
recipients” contained evidence of that spillover in the form of citation to EPB patents. In
other words, we looked for both “Type 1" error (citations occur but spillovers do not) and
“Type 2” error (spillover occurs without citation) in the identification of citations with
knowledge spillovers.

1t is clear from Figure 9 that citation occurs without there having been known,
direct commmumnication; only 4/26 citations (15%) involved known contact. If, however,
we take “3” or better as evidence of spillover, then 58% (15/26) of cites appear to involve
technology spillovers. This suggests that most spillovers result from indirect rather than
direct communication, such as the citing inventor reading papers or patent documents, or

even attending a presentation by the cited inventor without identifying herself. This

* It is particularly surprising to find so many apparently marginal patents given that we limited ourselves
to cases where both the cited and citing patents received 10 or more citations. As the median patent gets

only 1 citation, these should be considerably better than average. Our finding supports the generally held
view among practitioners that the “obviousness” standard for patenting is quite low and is applied with a
great deal of variability.
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characterization would seem to be consistent with the econometric finding that geographic
proximity does increase the likelihood of citation, but only modestly.

" It is also clear that contact can occur and not generate any citations: 18 patents
were found in the general area of EPB’s research by organizations that had had significant
contact with EPB but that did not cite the EPB patents. It is interesting, however, that in
only 2 of the 18 patents where contact occurred but there was no citation does Banks
conclude the evidence of spillover is fairly strong; in the other cases the patented
inventions are not directly related to EPB’s, and there is little evidence of spillover.

Suffice it to say that citations are clearly a noisy indicator of spillovers. The
overwhelming majority of citations do not appear to have involved known contact with
EPB personnel. On the other hand, in many cases there is indirect evidence that the citing
inventors knew about and apparently benefited from EPB research. Such evidence
includes citations to scientific papers authored by EPB or related people, or details of the
invention specification that strongly suggest prior knowledge of the EPB invention,
Conversely, contact does not always lead to citation. In most cases the lack of citation
appears to result from a lack of direct spillover benefit from the contact, at least to date,
but in a few cases apparent spillovers occurred despite the known communication and the
absence of citation.

B. Insights from participants in the patenting and technology

transfer processes

Our interviews with EPB and various companies point to a lot going on below the
surface of patent citations. In interpreting patent citations, we have talked with three
kinds of participants in the patenting process: the inventor, the R&D director, and the
patent attorney. While each participant contributes important information about citations,
our interviews have made it quite clear that it is the inventor who knows whose
technology has been most important in the invention and the pathways by which the
knowledge traveled (consulting, reading of papers, hiring of graduates, etc.).
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At the broadest level, our discussions with practitioners confirm that quantity of
citations to a patent is a valid indicator of an invention’s importance.” While there will be
exceptions in individual cases, it is clear that there is a systematic relationship between the
depth and breadth of an invention’s technological impact and the number and diversity of
citations it receives. However, participants in the process are less convinced that citations
are a strong proxy for the actual path of knowledge flow (i.e., if A cites B, it doesn’t
always mean that A learns directly from B.). Because many parties potentially play a role
in the decision to include a citation, it is difficult to get a clear picture of the likelihood
that citations occur in cases where the inventor had no knowledge of the technology
underlying the cited patent,

It is clear that citations don’t always represent what we typically think of as
knowledge flow. Some of what we see represents noise. The reason is that citations get
included for various reasons, which can be several types: cites involving recent
know}edgerﬂow (the inventor actually learned something important from another
researcher either directly or indirectly); strictly legal cites (the patent attorney clouds the
picture by acting in a risk-averse manner to avoid any hint of infringement, opting to
include a citation even when the inventor doesn’t consider it as prior art); after-the-fact
cites (knowledge of a related technology is gained after the invention); teaching cites
(patents that everyone considers basic, even if they are old); and cites added by the patent
examiner. Unfortunately, at present we have no way to determine the frequencies
attached to each category, although it appears from mterviews that knowledge content
increases more than in proportion to the quantity of citations as the number of cites
increases.

On the decision to include a cite or not, the attorney will typically win out — in

other words, opt to include the cite to be safe. (Interviews with patent attomneys at

2 The patent law literature refers to “pioneer” patents. See Lawrence B. Ebert, “If A Patent is Highly
Cited, is it a Pioneering Patent?,” in The Law Works (June 1996), 5, 28-29. Our interviews indicate that
although pioneer patents are acknowledged by patent lawyers as having special status, their status is
somewhat informal and derived from legal cases. For a discussion of patent citations in litigation, see
Anthony Brieitzman and Francis Narin, “A Case for Patent Citation Analysis in Litigation,” The Law
Works (Mary 1996), 10-11, 26-27.
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NASA and with private companies indicate the seriousness of the disclosure process. For
instance, a common practice is to require the inventor to sign a form signifying that all
known étate—of—the-art work has been cited, including patents and non-patent sources.)

Not surprisingly, there is general agreement that patent citations are more
indicative of patterns of knowledge flow at the level of organizations than at the level of
individual patents. A number of organizations have begun to use patent citation
information to identify centers of related technological activity around the world. Other
firms who have not investigated citation patterns were clearly captivated when we showed
them who was citing their patents. Typically, they quickly recognized most citing
organizations’ involvement in the technologies, particularly if the citing party is toward the
top of the citing patents hst based on number of cites to the cited patents (i.e.,
organizations responsible for a high percentage of citations to their patents).”® What
seems true is that organizations frequently citing a firm or federal lab are typically well
known by the cited party, acknowledging their mutual technological dependence. Also,
companies appear to be far more attuned to citing assignee activity than either government
labs or universities. Of course, this shouldn’t be surprising given their focus on profit and
strategic advantage.

Interviews indicate that some firms have begun to pay increasing attention to
external sources of technology and are more closely scrutinizing the technology
capabilities of federal labs. It’s clear from an examination of the patent files that a fairly
prominent set of large R&D-performing companies appear to have technology that is
closely connected to federal lab technology. (This is shown by there being a relatively -
short list of firms responsible for the lion’s share of patent citations to federal lab patents.)

2 Tnyentors and R&D directors typically know who they cite because citing is part of the application
process. However, they typically have not examined citations to their patents, even though in all cases
they express considerable interest in knowing them. In one interview invelving a large R&D-performing,
firm, the R&D director assessed the top 26 citing assignees based on the number of times firms had cited
the interviewee firm’s patent: he quickly went down the list noting which were customers, suppliers and
competitors. In other words, customer, supplier and competitor relationships involved in patent citations
seems 10 be a bagic dimension of the technology relationship captured by citations.
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The incentives to patent and aggressively seek ways to commercialize EPB
technology is influenced by factors similar to those operating in academic institutions.
Like academics, NASA researchers’ careers are significantly shaped by publication record.
So increased pressure to commercialize can conflict with publishing goals.”” One way this
shows up is in attitudes among NASA researchers toward research focused on
fundamental problems versus research directed at commercial, non-aerospace products.
However, NASA researchers have some incentive to pursue commercialization because
inventors receive one-fourth of any royalties from licensed patents. One major difference
is that there appear to be fewer opportunities for consulting with private firms by NASA
researchers — a major avenue available to university researchers for technology transfer,

According to interviews, patent citations to NASA-Lewis patents significantly
underestimate the influence of EPB research for two possible reasons: (a) NASA may
seek patents only when the technology relates to a government purpose (which would
mean that contacting firms can acquire technology that would not involve a citation to
EPB since no patent was applied for); and (b) NASA may not aggressively pursue
litigation to prevent infringement on NASA patents if they view the technology as having
been supported by the public and, therefore, not to be treated in the same as a private
company’s technology. Tt is possible that companies may thus feel less compelled to cite
NASA technology. Of course, citations would exist if the patent examiner at the USPTO
is aware of NASA’s technology, whether in patent form or in another form of disclosure,
such asin a publication.

Finally, EPB’s experience confirms the importance of geographic proximity, as
well as the role of the larger “complex” of NASA states found in the geographic
regression results. Using patent citations as the gauge, 20% of cites to EPB’s patents
come from Ohio. This amount is higher than the same-state average for NASA (13%) as
well as for the average for other federal labs (16% -- see Table 4). An additional 183% of
cites come from the other “NASA Complex” states. Indeed, patent citations appear to

2 1f a tradeoff exists, it’s interesting that NASA-Lewis’ publishing increased over the past ten years,
which is the same period in which NASA’s patents increased in numbers and in quality.
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understate the role of geography in EPB’s commercial impact. EPB has analyzed its
relationships with private firms via collaborative arrangements such as Space Act
agreements between July 1993 and July 1996. About 28% of these (25/90) were from
Ohio, a rate somewhat higher than the fraction of citations, and roughly two-thirds of
these were from EPB’s immediate region in Northeast Ohio.*

More generally, technology transfer and knowledge transfer occur through many
different mechanisms. Most citations to EPB patents did nof involve what we have
identified as direct contact, although there is somewhat more evidence of indirect
commumication. This is consistent with EPB’s findings when it asked firms that had
contacted it how they learned of EPB; the answers were: through word of mouth (64%),
by reading EPB publications (22%), and EPB presentations (6%).

There is some evidence that technology intermediaries may increase the efficiency
of commercialization involving federal labs. Particularly where the technology is dual-
use, a separate organization specializing in matching federal 1ab technology and industry
need may be necessary to maximize economic benefits. For example, NASA has created
six federally-funded Regional Technology Tra;lsfer Centers (RTTCs) to facilitate contact
between business and the federal laboratory system. ° The RTTCs provide contact with
all government labs and state & local science and technology organizations. The RTTC

** Some federal labs explicitly encourage geographic spillovers by offering more favorable licensing
arrangements for agreeing to locate in the state or region around the federal lab and by participating in
technical assistance for local industry by participating in local or regional technology assistance or
extension networks. See Robert K. Carr, “Menu of Best Practices in Technology Transfer,”
hitp://milkern. com/rkcart/flpart2 html, August 2, 1996, In reviewing labs in Huntsville, Alabama and
Oak Ridge, Tennessee, Carr found that geographic concentration of high-technology companies in these
areas was primarily associated with lab procurement practices rather than techinology transfer. (Labs
subcontract a lot of their R&D, creating an incentive to locate nearby.)

* Ancther formn of intermediary is the National Technology Transfer Center (NTTC), which plans to
assist NAS A by becoming its only contact between the NASA technology transfer systein and national
industry and R&D organizations (such as EPRI). NTTC intends to analyze the generic technology needs
of particular industries and use its knowledge of the federal laboratory system to locate potential sources of
these technologies. Apparently, intermediary organizations are developing to facilitate commetrcialization
from other federal labs as well. For example, the Argonne Chicago Development Corporation (ARCH) is
a non-profit corporation affiliated with the University of Chicago and Argonne National Laboratory.
Through contract with the University of Chicago, DOE contractor with Argonne, ARCH can assume title
of intellectual property coming from the University and ANL R&D, and pursue various modes of
commercialization, including startups, licensing and joint ventures.
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for NASA Lewis is the Great Lakes Industrial Technology Center (GL.ITeC) As an
indication of its potential for influencing commercial innovation from federal lab
technology, EPB has maintained records of contacts with approximately 400 companies
over the past three years, the bulk of which initiated contact with EPB. In comparison
with a previously-analyzed five-year period, during the last three years EPB submitted 90
proposed collaborative arrangements which have resulted in 43 awarded activities. The
ratio of sharing of need and capabilities to initiating a proposed effort has increased by a
factor of three from 30:1 to 9.3:1. The primary reason for the change has been GLITeC,
which screens prospects and only encourages those companies representing a high

probability of a good match between need and capability.

VI. Conclusions and Implications

We draw several broad conclusions from the quantitative analysis of federal lab
patents and the case study of NASA-Lewis’ Electro-Physics Branch. First, the evidence
we’ve presented is congsistent with increased effort to commercialize federal lab
technology generally and NASA specifically. Because of their migsion-oriented R&D,
federal labs have a lower propensity to patent than the private sector (many fewer patents
per dollar of R&D) — roughly one-fifteenth in the 1960s and 1970s, However, the
difference narrowed to one-eighth by the early 1990s. NASA’s patents per research
dollar was less than that of other federal agencies until the 1980s, but is now about the
same. The data reveals a striking “golden age” during the second half of the 1970s which
remains a puzzie (NASA’s patents were both more important and more general than the
random sample and other federal lab patents). Banks speculates that this may reflect the
fact that many NASA researchers were hired during the space boom of the late 1960s, and

so were at their peak personal productivity in the late 1970s.%

** This pattern is similar to that of university patents—which were more important and more general than
the random sample in the late 1970s. For university patents, the decline in relative quality seems to have
been driven by a reduction in the standards for patenting as incentives changed and many more patents
were taken out in the 1980s (Henderson, Jaffe and Trajtenberg, forthcoming(b)). The NASA pattern—
rising quality as numbers decline in the 1970s, followed by declining quality when the numbers recover in
the 1980s—is cousistent with a similar phenomenon, but we have not explored this issue in detail.
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Second, our findings suggest a more complex pattern of geographic spillovers for
federal labs, including NASA, than previously found. Spillovers are concentrated within a
federal lab complex of states representing agglomerations of labs and companies.
Localization within the same state is less for federal patents than for the random sample.
Regarding NASA, although spillovers occur somewhat less within the same state, there
exists a NASA technology complex linking the five NASA states through patent citations
' (California, Texas, Ohio, DC/ Virginia-Maryland, and Alabama). In a sense, to gain an
edge in capturing technology spillovers from NASA’s R&D, a firm may only need to
locate an R&D facility within the NASA complex of states. One possibility is that
aerospace firms grouped around NASA facilities form a strong communications network
that acts to speed the diffusion of NASA technology quickly within the complex. More
generally, we interpret these findings as indicating a compiex of labs and companies
working with federal labs as part of an informal network across geographic areas with
significant federal activity. The finding holds when “self-citations” are excluded. The
geographic pattern of federal lab spillovers may be similar to that of other types of high-
technology agglomerations, such as that of R128 and Silicon Valley.

Third, our qualitative evidence provides some support for the use of patent
citations as proxies for both technological impact and knowlédge spillovers, but, not
surprisingly, the picture is somewhat messy. A significant number of citations, maybe
something like one-fourth, appear to be essentially noise, even when we limit the analysis
to “important” patents. Nonetheless, aggregate citation patterns do seem to be indicative
of technological impact; this conclusion is supported by both Banks’ detailed analysis of
citing patents and the perceptions and actions of technology managers in firms. In
addition, nearly three-fifths of citing patents were deemed to represent likely knowledge
spillovers. In most cases the spillover was indirect rather than resulting from known
communication.

Of course, there are also many cases in which such spillovers occur without
generating patent citations. One reason for this is that firms working with federal labs
primarily seek know-how or tacit knowledge rather than the transfer of a specific
technology. There is ample evidence that such tacit knowledge is important to the
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commercial innovation process,” and it may be a particularly important part of the social
retumn to public research.”® It is difficult to conceive of how this tacit knowledge transfer
could be measured systematically. It would be nice to think that the rate of such transfer
from a given organization would be highly correlated with technology flows as indicated

by citations, but it is not clear that this would be the case.

Finally, our study has identified a number of important issues worth further
research.

(1) Interviews suggest that firms are focusing more resources on acquiring
technology from external sources, If so, this trend has interesting implications for the
commercial impact of public research. It should also increase the utility of patent citations
for analyzing knowledge flows and technology interdependence.

(2) One hypothesis worth exploring is that there exists a core of firms whose
technology is closely connected with federal lab R&D and, consequently, play a central
role in diffusion of federal lab technology. In particular, aerospace firms are the first to
cite NASA patents and are more likely to commercialize the technology. Are firms that
are most closely connected to federal lab technology better performers? A more general
question worth study is: How does the three-way interdependence of universities,
government labs, and firms, reveal through patent citations, affect innovation? Within this
complex, do organizations that act as technology intermediaries have a measurable impact
on knowledge flows? _ '

(3) Future research should focus more micro-level attention on the mechanisms
involved in knowledge flows. Qur interviews have convinced us that the best source of
information for interpreting patent citations is the inventor. Of the four types of
individuals involved in deciding patent citations on particular inventions (patent attorney,

R&D lab director, inventor, and the patent examiner at the USPTOQ), the inventor clearly

> See Arora (1995) and Roessner and Bean (1990). Chatterji (1996) points out the increasing interest in
external sources of technology. In fact, the Industrial Research Institute has formed a working group to
identify and document “best practices” being used by companies t0 acquire external knowledge (p. 48).

2 Mansfield (1995) indicates that the overall impact of consulting by university researchers with private
firms probably exceeds the impact of explicit transfer of university-developed technology.
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has the best knowledge of cites involving knowledge flows and the mechanisms at work,
Inventors are the best source for validating the use of patent citations in the study of

technology spillovers. We plan to pursue this approach in future work.
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Table 1
Simple Statistics for Regression Variables by Sample

Variable Mean StdDev  Min Max

Random Sample: 13997 patents, of which 10676 received
1 or more citations

GRANT YEAR 1978 9.139 1963 1993

IMPORTANCE 3.680 5.103 0 89

GENERALITY 0.287 0.283 0 0.890

FRACTION FROM SAME STATE 0.149  0.271 0 1

FRACTION FROM 5 "NASA COMPLEX" STATES 0.156  0.259 0 1
FRACTION FROM OTHER STATES 0.560 0.367 0 1

FRACTION FROM FOREIGN COUNTRIES 0.290 0.330 0 1

NASA: 3782 patents, of which 2923 received 1 or more

citations
GRANT YEAR 1979  7.982 1969 1993
IMPORTANCE 3.822 5.034 0 70
GENERALITY 0.322 0.284 0 0.885
FRACTION FROM SAME STATE 0.121 0.236 0 1
FRACTION FROM 5 "NASA COMPLEX" STATES 0.194 0.279 0 1
FRACTION FROM OTHER STATES 0.588 0.347 0 1
FRACTION FROM FOREIGN COUNTRIES 0.291 0.316 0 1

Other Federal: 37939 patents, of which 27339 received 1
or more citations

GRANT YEAR 1976  8.537 1963 1993

IMPORTANCE 2940 4134 0 103

GENERALITY 0.275 0.283 0 0.922

FRACTION FROM SAME STATE 0.127 0.260 0 1

FRACTION FROM 5 "NASA COMPLEX" STATES 0.203  0.300 0 1
FRACTION FROM OTHER STATES 0.574 0.370 0 1

FRACTION FROM FOREIGN COUNTRIES 0.296 0.340 0 1

"The "other federal" category includes NASA patents from 1963-1968.
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Table 3

Regression Results for Importance and Generality Over Time

Impartance Generality
Standard Standard
Coefficient Error Coefficient Error
Other Federal dummy:
1963 -0.41 0.255 -0.03 0.021
1964 -0.53 0.246 -0.01 0.020
1965 -0.59 0.216 -0,03 0.017
1966 -0.70 0.208 -0.05 0,016
1967 -0.79 0.211 -0.03 0.016
1968 -1.08 0.224 -0.03 0.017
1969 -0.79 0.219 .00 0.017
1970 -0.93 0.221 -0.05 0.017
1971 -0.61 0.204 -0.02 0.015
1872 -0.49 0.212 0.01 0.016
1973 -0.48 0.208 0.00 0.015
1974 -1.27 0.211 -0.03 0.015
1975 -1.39 0.216 -0.05 0.015
1976 -0.96 0.221 0.02 0.016
1977 -1.29 0.232 0.02 0.016
1978 -0.87 0.244 0.01 0.017
1979 -1.03 0.279 0.01 0.019
1980 -1.18 0.243 0.01 0.017
1981 -1.62 0.248 0.00 0.017
1982 -0.95 0.270 0.00 0.019
1983 -0.76 0.267 0.00 0.019
1984 -0.78 0.247 0.02 0.017
1985 -0.64 0.250 0.03 0.018
1986 -0.90 0.257 0.01 0.018
1987 -0.94 0.249 0.00 0.018
1988 -0.84 0.268 0.00 0.020
1989 -0.74 0.239 0.04 0.018
1990 -0.62 0.237 -0.03 0.019
1991 -0.26 0.227 0.00 0.019
1992 -0.17 0.230 0.01 0.022
1993 0.03 0.224 0.00 0.032
NASA dummy:

1962 -0.64 0.316 0.00 0.024
1970 -0.12 0.305 -0.03 0.023
1971 -0.31 0.286 0.03 0.021
1972 -0.13 0.330 0.05 0.024
1973 0.79 0.329 0.03 0.024
1974 -1.04 0.346 -0.04 0.025
1975 1.04 0.376 0.02 0.026
1976 0.03 0.463 0.05 0.032
1977 1.39 0.453 0.04 0.031
1978 1.64 0.456 0.08 0.031
1979 0.18 0.550 0.08 0.037
1980 -0.65 0.537 0.06 0.037
1981 -0.16 0.514 0.03 0.035



Regression Results for Importance and Generality Over Time

Importance Generality

Standard Standard

Coefficient Error Coefficient Error

1982 -0.35 0.550 0.05 0.038

1983 -0.88 0.423 0.05 0.030

1984 -0.04 0.418 0.02 0.029

1985 0.38 0.412 0.07 0.028

1986 -1.58 0.487 0.01 0.035

1987 -0.92 0.439 0.01 0.032

1988 -0.70 0.483 0.03 0.035

1989 -0.55 0.416 -0.02 0.031

1990 -0.35 0.418 -0.01 0.032

1991 0.03 0.387 0.02 0.031

1992 -0.10 0.389 0.00 0.036

1993 -0.14 0.374 -0.03 0.057
Patent class dummies 386 381
Year dummies 30 30
R-squared 0.146 0.102
Dependent Mean 3.18 0.2582
Root M.S.E. 415 0.270

Number of ohservations 55710 40865
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Figure 3
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Figure 4
Average Importance and Generality Over Time
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Figure 5
Fraction of Patents Bearing NASA Citations by State
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Figure 6
Fraction of Patents Bearing Federal Citations by State
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