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1. Overview of issues

Accompanying the growth of the knowledge sector in many economies is an
increased interest in property rights for the knowledge being created by firms and
individuals, that is, in the protection of those rights via Intellectual Property Rights
(IPR). IPRs include patents, trademarks, copyrights, trade secrets, and a number of
more specialized instruments such as plant patents. Because these rights are a
creation of legislation and government regulation, the increased focus on their use
also leads to increased interest in their design and function on the part of
policymakers. The present paper is designed to review the various ways these rights
are used today, to draw some lessons for policy, and to suggest areas where further
research is needed. The paper focuses on patents, arguably the most important form
of intellectual property for business firms, although other rights will be discussed to
the extent that they substitute for patents in various contexts.

When the governing authority grants a patent, it trades off short term
exclusive (monopoly) rights to the use of an invention in return for two things: 1) an
incentive to create the invention and 2) early publication of a description of the
invention rather than the use of secrecy to protect its misappropriation. But with the
increasing importance to enterprises of their investments in knowledge and the
accompanying increase in the use of the patent system, it has become apparent that
things are far more complex than the bargain suggested by the simple tradeoff. In
addition, as the importance of the IP system grows, clever strategists use it in ways
not contemplated by its designers. Hence the timeliness of this review of the use and
value of IP rights, especially patents.

The first observation on ways in which reality departs from the simple one
invention, one patent picture is that invention is cumulative, with each discovery
today building on discoveries in the past. Therefore the incentive created for one

invention or innovation via the patent right can act to slow down the creation or
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increase the cost of a subsequent invention that builds on the first. This fact suggests
that the overall effect on innovation may not be as strong as suggested by the
allocation of exclusivity to the inventor. The second observation is that firms and
individuals that are given such a rather complex legal instrument will learn to use it
strategically in ways that may not serve the intent of the original legislation. For
example, the benefits of publication may be limited by careful drafting of the patent
or the omission of essential (tacit) know-how. Or a patent may be taken out and then
kept “sleeping” solely to disadvantage a competitor and to preserve a (temporary)
monopoly in a particular market.

A final observation is that knowledge-intensive firms face a number of
problems associated with the fact that their assets are largely intangible and patents
can help to mitigate these problems. In particular, clear title to at least some of these
assets facilitates obtaining financing, at least from those willing to provide risk capital
such as venture capitalists. In principle, the existence of secondary markets for patent
assets, which are still in their infancy (Ocean Tomo, Yet2, Intellectual Ventures, etc.)
should facilitate entry into knowledge-intensive sectors, by increasing the salvage
value of a firm that ultimately fails. Patents can also serve as a focusing device for the
trading of expertise and know-how between firms.

Before discussing what we know about the use and value of IP rights by firms,
two broader issues deserve mention. The first is to emphasize the perspective from
which this paper is written, which is a consideration of how the IP system could be
improved to increase or even maximize social welfare. That is, it does not start with a
premise that strengthened intellectual property rights are necessarily better for
innovation or social welfare, beneficial as they may be for individual firms.
Understanding that intellectual property rights are not the same as ordinary property
rights on physical assets is key to understanding that policy can and should be
different in this area. The most obvious difference between the two types of property
is non-rivalry: in the absence of strong IP rights, one person’s use of a piece of
knowledge still leaves it free for another to use, a characteristics not shared by
ordinary tangible property. Another difference between the two types of property is
due to what Bessen and Meurer (2008) call insufficient notice, a lack of clarity about
the boundaries of the property, a problem which appears to have worsened recently

in the case of patent rights.2 Taken together, both arguments suggest that a policy

2 One reason for this may be an increase in creative drafting of applications, especially in the business
method and software areas, where obfuscation may confer a benefit on the patentee in subsequent
litigation. The difficulties of patent clearance can be extreme in such cases.
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maker’s approach to the regulation of IP rights may and should be quite different
from his or her approach to the regulation of ordinary property rights.

The second observation about the workings of the IP system and how it affects
firms and innovators was hinted at by Edith Penrose in 1951:

“If national patent laws did not exist, it would be difficult to

make a conclusive case for introducing them; but the fact that they do

exist shifts the burden of proof and it is equally difficult to make a

really conclusive case for abolishing them.”
I interpret this statement to describe a phenomenon that we can observe happening
throughout the history of various changes and experiments with IP systems: firms
and the structure of industry adapt to the systems with which they find themselves. A
leading example is the rise of firms specializing in knowledge creation following the
strengthening of the U. S. patent system in the early 1980s (Hall and Ziedonis 2001;
Arora et al. 2001). That is, there is path dependence in industry structure, which
makes it difficult to compare the performance of a system that is in place with one
that may involve radical change in the way things are done. Another implication is
that existing systems create rents for some firms and individuals, who then resist
strongly any changes that might destroy these rents.

With these two points in mind, | turn to the economic theory and evidence on

the use and value of patents.
2. Economic theory and evidence

2.1 Do patents encourage innovation?3

As is so often the case with economic models that admit the complexity of the
world, the theoretical literature on patents produces ambiguous results with respect
to incentives that they provide. In the simplest case, where a patent corresponds to a
single product and knowledge is not very cumulative, it is clear that patents will
encourage innovation. Offering individuals the short-term right to exclude others
from practicing an invention provides them with the opportunity to earn rents or
supranormal profits when they innovate which are higher than those they would earn
if there were immediate free entry into imitation of their invention. This is expected
to stimulate their inventive activity. The early theoretical industrial organization
literature on patent races even seemed to suggest that patents might produce too

much innovation (Wright, 1983; Reinganum, 1989).

3 Parts of this section of the paper are drawn from Hall, B. H. (2007), “Patents and Patent Policy,”
Oxford Review of Economic Policy 23 (4): 568-587.
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However, models that incorporate either the cumulative nature of innovation
or dispersed ownership of the patents required for producing a new good yield more
ambiguous results (Judd, 1985; Scotchmer 1991; Bessen and Maskin, 2006). A
modest theoretical literature pioneered by Scotchmer (1991) has developed that
analyzes a number of these models. Two main cases and their variations have been
considered: those where two innovative stages are required to produce the product
(the “research tool” case) and those where there is a sequence of products each of
which is an improvement over the previous product (the cumulative or “quality
ladder” case). In either case, it is possible that any particular invention uses one or
more other inventions as input or is an input to one or more future inventions.

This type of analysis has increased in importance because of the complexity of
modern technology and also because of growth in patent use in sectors that
traditionally had regarded patent protection as relatively unimportant. Briefly
described, the new setting is one where a single product involves hundreds of patents,
and where one innovation builds directly on many others. Neither feature is really
new, but both have assumed increasing importance in a number of technology areas
such as information technology and biotechnology. For example, Lemley and Shapiro
(2007) reports that 177 patents held by seven firms deal with recordable DVD media,
and that the 802.11 WiFi standard is underpinned by several hundred patents held by
over 30 companies. As these authors also report, the 3G telephony standard is
covered by thousands of patents.

When development of an innovative product requires multiple patent inputs,
Heller and Eisenberg (1998) have argued forcefully that the licensing solution may
fail because of transactions costs if a large number of patentholders are involved. If
these patents are essential complements, a royalty stacking problem will occur: in
effect, each patent holder is able to hold out for the entire surplus value associated
with the invention and it can be difficult to reach a bargaining solution (Lemley and
Shapiro 2007).

A recent paper by Bessen and Maskin (2006) develops a model of sequential
(cumulative) and complementary innovation in a differentiated product setting and
analyzes the effect of patent protection in two settings, nonsequential and infinitely
sequential (that is, where each invention builds on the preceding invention). The
results are somewhat complex but intuitive: in the static nonsequential case, having a
patent system generally yields higher welfare than not having one. But in the fully
sequential case, the equilibrium without patents has higher welfare and more
innovation than the equilibrium with patents if the upper tail of the distribution of

innovation values is sufficiently thick. They show that the two commonly used
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distributions for innovation value, lognormal and Pareto, satisfy this condition so
that social welfare is expected to be higher without a patent system. They also show
that in some cases, even the original innovator may benefit from the absence of
patents in the dynamic case, because he receives spillovers from follow-on
innovation. Empirical evidence that suggests some positive value to this kind of
spillover has been offered recently by Belenzon (2006) using sequences of patent
citations to measure knowledge flows in and out of the firm. He finds that the market
value of a firm is enhanced when it cites others’ patents that have cited its patents in
turn. That is, knowledge that flows back to a firm from others enhances profitability.

Thus economic theory yields an inconclusive answer to the question of
whether patents encourage innovation in general. We therefore turn to the empirical
evidence on this question, which comes in several flavors: survey evidence, cross
country studies, and studies within individual patent systems. Here there are several
conclusions.* The first is that introducing or strengthening a patent system
(lengthening the term, broadening subject matter coverage, etc.) unambiguously
results in an increase in the use of the system (Lerner 2002; Hall and Ziedonis 2001).

Second, it is much less clear that these changes also result in an increase in
innovative activity, although they may redirect such activity toward things that are
patentable and/or are not subject to being kept secret within the firm (Moser 2001;
Lerner 2002; Baldwin et al 2000). Third, if there is an increase in innovation due to
patents, it is likely to be centered in the pharmaceutical and biotechnology areas,
specialty chemicals, and possibly medical and scientific instruments as well as small-
scale machinery (Levin et al 1987; Cohen et al 2001; Arora et al 2001). Fourth and
finally, the existence and strength of the patent system does affect the organization of
industry, by allowing trade in knowledge, which facilitates the vertical disintegration
of knowledge-based industries and the entry of new firms that possess only intangible
assets (Hall and Ziedonis 2001; Arora et al. 2001; Arora and Merges 2004).

2.2 How do firms actually use patents?

We actually know a reasonable amount about this topic, thanks to a series of
firm- and inventor-level surveys. In the U. S., there were important surveys of
innovation conducted in the mid-1980s by researchers at Yale University (Levin et al.
1987) and in the mid-1990s by researchers at Carnegie-Mellon University (Cohen et
al. 2002). These first large efforts were followed by similar surveys in a number of

European countries and Japan, and then by the Community Innovation Surveys

4 | have surveyed the empirical evidence in more detail in several recent papers: Hall (2007);
Hall(2009a); Hall (2009b).
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which have been conducted in most European countries since the late 1990s. Then in
2004 the new PATVAL survey of the inventors named on patents was conducted by
researchers in 6 European countries (Giuri, Mariani et al. 2007; Gambardella et al.
2007).5 This initiative sparked a new wave of inventor surveys, which have now been
conducted for the U. S., Japan, and Korea, and with a successor European survey in
the offing (Nagaoka and Tsukada, 2007; Nagaoka and Walsh 2009). This section of

the paper reviews the results of these surveys.

Innovation surveys

The first group of surveys asks firm representatives (usually R&D managers)
by which means they secure returns to their innovative activity, providing a menu
that includes patents, trade secrecy, lead time, superior sales and service, and so
forth. Sometimes the question is phrased as what share of their innovations are
protected by the various means. Table 1 summarizes the results of a number of such
surveys, simply using whatever importance ranking is available from the published
reports; it is necessarily fairly approximate given the lack of exact comparability
across the surveys. However, it does document rather clearly the fact that for the
majority of firms, patents are seldom among the most important means for
appropriating returns to product innovation, with lead time and superior sales and
service generally considered more important.®

Table 1
Appropriating the Returns to Product Innovation
Ranking of means across all industries

Survey Year Country 1 2 3 4
Yale 1982 us saleg & lead time patents secrecy
service
Harabi 1988 Switzerland sa|e§ & lead time secrecy patents
service
Dutch CIS 1992 Netherlands lead time retaining secrecy patents

employees
. . sales &
Carnegie-Mellon 1993 us lead time secrecy/mfg ) patents
service
Japan C-M 1993 Japan lead time patents sales & secrecy

service/ mfg
SESSI/INSEE EFA 1993 France lead time patents secrecy complexity

confidentiality
agreement

CIS 3 2000* 2000 EU12 lead time secrecy trademarks complexity

StatCan Innovation 1999 Canada trademarks patents secrecy

*Patents not shown in table, Eurostat 2004, KS-NS-04-001, Theme 9: Innovation output and barriers to innovation.

5 The countries were Italy, Germany, France, Spain, the Netherlands, and the UK.

6 In most surveys, similar questions are asked for process innovations. Here patents rank even lower,
and secrecy higher, as one might have expected.
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Table 2 presents a rough ranking of the industries in which patents are
considered the most important. In almost all cases where it is broken out separately,
the pharmaceutical industry ranks at or near the top, followed by specialized
machinery and instruments, other chemicals, and occasionally transport equipment
including motor vehicles and parts. Note that, in general, these sectors contain
technologies that are relatively well-defined by a patent document, and where an
innovative product can be covered by one or a few patents. For example, in the case of
transport equipment, it is the parts manufacturers that find the patent system
effective for protecting their innovations (Cohen et al. 2000; Levin et al. 1987).

Finally, it is important to note that there is wide dispersion across firms in the
answers to these questions and therefore in the relative rankings of protection
methods within the manufacturing sector and even within an industry. For a small
but nontrivial share of firms in most sectors, patents will still rank very highly as a
means of appropriating returns to innovation, making it difficult to generalize
completely. In addition, when the wording of the question concerns the share of
innovations that are protected by patents, the answers are almost always a non-
negligible share, regardless of industry.

Table 2

Appropriating the Returns to Product Innovation by Sector
Appropriating the Returns to Product Innovation
Industries preferring patents in descending order of preference

Survey Year Country

Yale 1982 us pharmaceuticals; plastics; chemicals; steel; oil

Harabi 1988 Switzerland research labs; machinery; chemicals; watches; paper*

Dutch CIS 1992 Netherlands pharmaceuticals, chemicals, instruments, rubber&plastics, oil

Camegie-Mellon 1993 us pharmaceuticals, medical inst; special machinery; computers;
chemicals

Japan C-M 1993 Japan

pharmaceuticals, instruments; transport equip.; chemicals;
machinery; paper

machinery; elec equip.; pharmaceuticals; comm eq; instruments;
chemicals; motor vehicles

CIS 3 2000* 2000 EU12 transport equip.; instruments; chemicals*

SESSI/INSEE EFA 1993 France

StatCan Innovation 1999 Canada

* Pharmaceuticals not broken out from chemicals

In some cases these survey questionnaires have also asked why the firms
patent or how they use patents — to prevent copying, to avoid infringement suits, to
block competitors from patenting, for licensing revenue, and so forth. Figure 1
presents some representative results from the three 1993 surveys conducted in the
U.S., Japan, and France. It is apparent from the figure that the traditional use of
patents, preventing imitation, is the most important use. However, a nontrivial share

of the firms, especially in the U.S. and Japan, use patents to block other firms from
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patenting or to prevent infringement suits. Cohen et al. (2002) deepen this analysis
and are able to show that the use of patents varies substantially depending on the
type of technology that is being protected, discrete (one or a few patents per product)
or complex (many patents per product). This finding has important implications for
the ways in which patenting strategy has evolved over the past 20 years and |
therefore discuss the issue at greater length in the next section, after a brief
discussion of the inventor survey results.

Figure 1

How are patents used? 1993 Surveys
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Inventor surveys

Samples for the typical inventor survey are drawn from the inventors named
in patent documents. Taking the pioneering EU Patval survey as an example, the
questions asked are designed to elicit information about inventor characteristics,
their motivations, the sources of their knowledge, types of collaboration, and the
actual use and economic value of their patents, including licensing and
commercialization.

With respect to the use of their patents, overall the EU inventors report that
about half of them are used internally by the firm, 13 per cent are licensed, and
approximately 35 per cent are unused, either sleeping or blocking competitors (Giuri,
Mariani et al. 2007). Answers for the US and Japan are similar, but with a somewhat
larger share used in cross-licensing agreements (Nagaoka and Walsh 2009),
doubtless reflecting the greater importance of ICT sectors in these economies.
Because of the way the questions on use are asked, it is difficult to compare the

answers directly with those given by the R&D managers of the firms in the innovation
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survey. The inventor survey questions are about individual patents and the
innovation survey questions are about the firm’s patents in general; nevertheless the
answers are qualitatively similar.

The inventor surveys also contain questions about individual patent value, but

I will defer the discussion of the results to section 2.4 of the paper, on patent value.

2.3 Complexvs. discrete technologies

The distinction between complex and discrete technologies has turned out to
be important in understanding the different ways firms use the patent system and
also their attitudes toward reform of the system (Cohen et al. 2002; Hall 2005,
2009b; von Graevenitz Wagner, and Harhoff 2008). The commonly accepted
definition of a discrete technology is one where the typical product is covered by one
or a few patents, usually held by a single firm. In contrast, a complex technology is
one where a product is covered by many patents, usually held by several firms. It is
the dispersion in ownership that creates most of the problems we observe, and such
dispersion is more likely when there are many patented technologies in a single
product. Table 3, drawn from Cohen et al. 2002 and von Graevenitz et al. 2007,
2008, shows a classification of industries and technologies according to their product
type, along with a summary of the patent strategies generally associated with their

technology type.
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Table 3
Taxonomy of industries, technologies, and patent uses
Discrete Complex
food&tobacco, textiles&apparel, machinery, computers, software,
Industries (based on wood&paper, chemicals including oil and electrical equipment, electronic
Cohen et al. 2002, plastics, pharmaceuticals, non-metallic | components incl. radio/TV, med & sci
divided at ISIC 2900) mineral prods, metals, and metal instruments, and transportation
products equipment

measurement & control,
pharmaceuticals, medical, coatings,
materials processing, organic chem,
materials, mechanical elts, nuclear and
chem eng, machine tools, biotech, ag &
food chem & mach, environmental,
thermal processes, space&weapons,
consumer goods, civil eng, mining

high complexity: audiovisual,
telecommunications, semiconductors,
Technologies (from von info technology, optics, electrical
Graevenitz et al. 2008,
based on OST classes) medium complexity: handling&printing;
engines, basic chemistry and petrol,

polymers, transport

Patent strategy (from

von Graevenitz et al. Portfolio optimization Portfolio maximization
2007)
used to exclude, and sometimes for | used in negotiations (cross licensing and
licensing; also to prevent litigation other), and to prevent litigation
Volume of applications high very high
Use for blocking only frequent infrequent
Use of opposition above average below average
Applications with shared
s above average average
priorities

The industry classification shown partitions the manufacturing sector into
industries where the products are “materials” that rely on only a few technologies and
industries where the products are “systems” relying on the assembly of various
components, each of which may use several technologies.” The technology
classification uses the ideas developed by von Graevenitz et al. 2008, applied to EPO
patents classified by the OST-INPI/FhG-1SI 30 technology classification system.8
These authors compute a complexity measure for patents in each of the 30
technology classes that is based on a count of cases where three firms own patents
that mutually block each other.® Arranging the classes in descending order of this
measure, six exhibit very high complexity measures, 19 exhibit very low (often zero)
measures, and five are in between these two. With a few exceptions (notably some
chemical subsectors), it is clear that the technology classification maps fairly well to

the industry classification.

" This split is the one used by Cohen et al. 2002, and is defined by choosing industries with ISIC less
than 2900 (discrete) and greater than or equal to 2900 (complex). The definition is based in turn on
work by Kusunoki, Nonaka, and Nagata (1998).

8 See OECD (1994) for an earlier version.

9 Blocking is defined as an X or Y reference to each other’s patents at the EPO. See the von Graevenitz et
al. paper for details of the construction of this measure.

10
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Cohen et al. 2002 used the industry classification together with the results of
the Carnegie-Mellon innovation survey to show that important differences across the
sectors in the reasons for using patents emerge. Firms in industries with discrete
products report that they patent for the traditional reasons of excluding competitors
and preventing litigation, whereas those in complex product industries are
significantly more likely to report patenting for cross-licensing and trading/
negotiation purposes, as well as to prevent litigation. This last finding is consistent
with the work of Hall and Ziedonis (2001) on semiconductor firms and their patent
portfolio races, which are designed to prevent hold-up and improve their bargaining
position in cross-license negotiation. Hall 2005 shows that the patent explosion in
the U. S. is essentially due only to firms in the electronics, computing, instruments
and electrical equipment sector (complex technologies).

The entries in the bottom half of Table 3 characterize two broad patent
strategies pursued by firms in the two technology sectors, discrete and complex. The
descriptions and the data on which they are based come from von Graevenitz et al.
(2007), a report to the European Union on strategic patenting. In that report, we
described the discrete technology strategy as “portfolio optimization”: this involves
active patenting, largely for traditional exclusion reasons, proliferation of
applications with a single priority date, and applications that correspond to high
value innovations or innovations that threaten competitors, as indicated by high
opposition. The quintessential technology that displays this behavior is
pharmaceutical including biotechnology and cosmetics.

On the other hand, we have the complex technology strategy of portfolio
maximization, where patents are used primarily defensively, in cross license
negotiations and to prevent litigation. Here the volume of applications has increased
greatly during the recent past, individual patents are rarely opposed, probably
because any single patent is not worth much, and the proliferation from a single
priority is much less. The quintessential technologies with these characteristics are
the information and communication technologies (ICT), who pursue the patent
portfolio arms races that were described by Hall and Ziedonis (2001) for the
semiconductor sector. When negotiating a cross license agreement with a competitor,
the quality of the individual patents does not matter as much as the fact that one

possesses a large portfolio that can potentially threaten the opponent.2©

10 Although some licensing agreements are negotiated using a list of the firm’s “proud patents” (Grindley
and Teece 1997), according to the industry representatives with whom we met, firms occasionally find
patents so difficult to value that some cross-licensing negotiations are conducted using patent counts as
the unit of currency (Hall and Ziedonis 2001). Von Hippel’s interviews of semiconductor firms revealed
a similar tendency: “[when] threatened by an infringement suit, a firm will typically send ‘a pound or

11
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The increase in the importance of patents in the ICT sector over the past 20

years is illustrated in Figure 2, drawn from data at the USPTO on firms that are

traded on U.S. stock markets (so that data on their R&D spending is available). This

figure shows the aggregate patent grants (by date of application) per million constant

R&D dollars for all of manufacturing and three major sectors separately: ICT,

Chemicals including pharmaceuticals, and Metals and machinery including transport

equipment. The patent yield for all of manufacturing has risen slightly from 0.3 to0 0.4

per million 1992 dollars of R&D during the twenty year period shown. For chemicals,
the yield fell slightly, whereas for ICT, the yield tripled from 0.3 to 0.9. This is
unlikely to be to due to true increased productivity of R&D in that sector; the

explanation is the perceived need of firms in those sectors to amass large patent

portfolios for defensive purposes and use in cross-licensing negotiations with other

firms whose technology they are using. This situation was probably exacerbated by a

patent office struggling to deal with the rapid increase in patent applications in this

area; most observers think that a number of patents of dubious quality issued during

the period of the rapid increase.
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two’ of copies of patents germane to the business to the potential plaintiff and suggest that it is they who
are the real infringers, culminating in a cross-licensing” (von Hippel 1988, p. 53; cited in Cohen et al.
2000). Clearly, to the extent that this practice has become more widespread, there is a considerable
incentive to apply for patents on minor innovations that have no other intrinsic value.
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Noting the changed patenting behavior of ICT firms and following on several
well-known international disputes in the sector during the past 20 years or so (Texas
Instruments asserting integrated circuit patents; Rambus asserting patents on
memory technology; Qualcomm’s patents on the CDMA standard), a number of
scholars have studied the problem of patented standards components, royalty
stacking, and patent holdup when there are many patent owners of technologies in a
single product.l* Obviously these kinds of problems are more severe in complex
technology sectors, especially when these sectors rely heavily on standards in
producing their products (as they inevitably do).

Reitzig et al. (2007) present a model of inadvertent infringement where the ex
ante alternative is to invent around the patent and where the patent covers a
relatively small piece of the final product. They show that because courts do not
consider this alternative and what it means for the licensing costs if they were
negotiated ex ante, a profitable strategy for patentholders is to wait to be infringed
rather than offering a license before the costs of developing the product have been
sunk. The usual royalty and damage rules change the threat point for ex post
settlement between the parties and mean that the patent holder can make many
times more from infringement settlements than from ex ante technology licenses.

Farrell and Shapiro (2007) have pointed to the fact that even weak patents
(patents that probably should not have been issued) are problematic when there is
downstream competition, because the incentives to challenge patents are sub-optimal
if patents are probabilistic. When there are many firms competing, the firm that
challenges the patent bears the full cost of the challenge, whereas all the firms benefit
if the patent is overturned.2 They are therefore able to show that weak (low
probability of validity) patents licensed to non-rival downstream firms will command
low royalties, but that weak patents licensed to rival downstream firms can command
large running royalties. This problem is worse in the case where a product requires
many complementary technologies because the profit at issue is much larger than the
contribution of a single patented technology.

The conclusion is that strong patents (certain validity) are better than weak
patents, but that even weak patents can be used anti-competitively. They are
especially powerful given the threat of injunction, which shuts down production of

the entire product line. The possibility of an injunction shifts the threat point in

11 Simcoe et al. 2009 find that patents disclosed to Standard Setting Organizations by participants have a
relatively high litigation rate, especially if they are owned by small firms, who tend to increase their
litigation rates following a standard’s adoption.

12 An interesting new endeavor, PatentFreedom, has been undertaken to try to mitigate this problem.
See McCurdy and Reohr (2008).

13
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bargaining over license terms considerably: Under damages based on reasonable
royalties, with a patent of uncertain validity, a firm chooses whether to pay for a
license now or to pay later with a probability p<1. Under an injunctive threat, the loss
later may be much greater, even though p<1, especially in complex technology
industries.

Coupled with the observation that many such patents are asserted by non-
producing entities, the above considerations presumably lie behind some of the
support for preliminary injunction test recently articulated in the MercExchange v.
eBay case in the United States.'3 In May 2006, the Supreme Court ruled that a four
factor test must be used to decide whether to issue a permanent injunction in a patent
case. A patent owner must show (1) it has suffered irreparable injury; (2) monetary
damages are inadequate compensation; (3) a remedy in equity is warranted; and (4)
the public interest would not be disserved. Applying this test should make it more
difficult for patent holders that do not offer a product embodying the invention in
question to obtain injunctions against those who do.

A note on non-producing entities

Recently, due to the activities of a number of pure patent holding or
“knowledge producing” firms, controversy has developed over the role of these
entities (sometimes called “trolls”) in asserting patents that they own but whose
technology they have no plans to develop. There is no doubt that such activity is
increasing, and that much of it is directed against firms in the ICT sector, whose
patent portfolio defense is useless when the litigant has no production that can
threatened. As shown by Farrell and Shapiro and discussed above, it may not be
worthwhile fighting such suits even when the patent being asserted is weak. In
addition, in the case of complex technologies, the threat of a preliminary injunction
may increase the bargaining threat point of the plaintiff disproportionately relative to
his contribution to the product (Reitzig et al. 2007)

However, it is important to stress that non-producing entities can also play an
important rule in encouraging entry into innovation, as they offer a way to salvage
some of the intangible assets created by failed new entrants. That is, innovation,
especially innovation that involves creating a new firm, is a highly uncertain and risky
activity and frequently fails, leaving behind mostly intangible assets, which may have
value in another use. Absent property rights and a market for these assets, they may

be lost, and the salvage value of a failed innovative firm would therefore be close to

13 http://www.supremecourtus.gov/opinions/05pdf/05-130.pdf

14



Hall on IPR Value June 2009

zero (barring a few desks and computers). A secondary market for IP assets can
ensure that some value is retrieved from the failure, and therefore lowers the initial
cost of entry. Whether this story is really true or has any real impact on entry

probability is a matter for further research.

2.4 The value of patents

What do we know about patent value? The first step is to define what is meant
by the term. The two main possibilities are the following: 1) the value of the
underlying invention that the patent protects — such value could be private (the
present discounted profits or licensing fees received by the inventor) or social
(including any spillovers and the value of inventions that build on this one, as well as
any consumer surplus not captured by the firm via markup pricing); and 2) the value
of the patent right, which is the private incremental value of taking out a patent,
above and beyond any profits that might be earned on the invention without patent
protection. The latter is the incentive effect of patenting, whereas the former is often
what interests us from a welfare perspective, or when we use patents as indicators of
innovative activity.

Empirically there are two broad strategies for measuring the value of patents.
The first values the patent portfolio held by a firm using a regression of firm market
value on various firm characteristics (tangible assets, R&D spending, etc.) and
including a measure of the patents owned by a firm, possibly weighted by the
citations they have received. The second values a single patent using two very
different methodologies: either by observing the owner’s willingness to pay renewal
fees on the patent or by surveying its owner or inventor and attempting to elicit an
estimate of its value. In the former case, one obtains a measure of the value of the
patent right (as opposed to the underlying invention), while in the latter case, one
often obtains the combined value of the invention and the property right on that
invention. There is also one effort that values the grant of a single patent using the
event study methodology.

The market value or portfolio approach relates the financial market valuation
of afirm to its assets: tangible (plant, equipment, inventories, etc.) and intangible
(knowledge capital, patent stocks, reputation, etc.). The coefficients in such a
regression are the shadow value of the various assets in the market; they are not

structural parameters and can and do vary over time and space. Note also that

14 This methodology looks at the share price reaction around the time of news for a firm. Austin (1993)
applied it to young biotechnology firms, where the issue of a single patent can be considered big news
that might move the value of the firm. Because this is not generally true, and because patent issue is not
always a surprise, it is difficult to justify applying the method more broadly.
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financial markets will value patents both as indicators, because they are correlated
with the success of innovative activity, and as instruments that secure returns to that
activity by excluding competitors. The two are correlated within firms and difficult to
separate, although conceptually they are different. Controlling for R&D will help to
some extent to account for variations in innovative activity, but not for variations in
its success. So market value approaches will generally measure a combination of part
of the value of the underlying inventions and the patent rights associated with them.

The literature on the relationship between market valuation and the firm’s
patent portfolio is too extensive to survey in detail here, so | briefly review of the
results of what has been learned.!> A first observation is that much of the evidence is
for Anglo-Saxon economies (US, UK, Australia, Canada) plus Japan, because those
economies have thick financial markets on which most medium to large R&D-doing
and patenting firms are traded, making the exercise possible. The results can be
summarized as saying that patents are usually valued above and beyond the R&D
done by the firm, that the value of patent protection is higher in pharmaceutical
firms, and possibly somewhat higher in chemicals, computers, and machinery (Hall
et al. 2004; Bessen 2006). A typical quantitative result is that of Hall et al., who find
that one additional patent per million (1992) dollars of R&D increases a firm’s
market value by 3 per cent.

Measures of the quality of the portfolio, in particular the number of citations
received by the patents, are even more strongly associated than patents with firm
market value (Hall et al. 2007; Czarnitzki et al. 2006; Hall et al. 2005). This reflects a
basic underlying fact about patents that has been found by all three approaches to
studying patents: most of them are worthless and are few are worth a great deal.
Therefore even very imperfect measures of quality help to explain value. For
example, Hall et al. 2005 found that no additional value was attached to the U. S.
patent citations received by a firm’s patents unless they received more than the
median cites per patent and that if the firm was in the top 5 per cent of the cites per
patent distribution, their market value was 50 per cent higher, other things
(including R&D and patents themselves) equal.

Inventor surveys and their predecessor surveys undertaken by Harhoff,
Scherer and co-authors are directed at valuing a single patent right rather than a
portfolio, but they find similar results. The following is a typical question asked in
one of these surveys:

“If at the time the patent issued you knew what you now know about
the profit history of the invention abstracted here, what is the smallest

15 For a somewhat dated survey of this literature, see Hall (2000). Also see Czarnitzki et al. (2006).
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amount for which you would have been willing to sell this patent to an
independent third party, assuming that you had a bona fide offer to
purchase and that the buyer would subsequently exercise its full
patent rights? (Harhoff et al. 1999, page 512).

The answers to this kind of question always confirm the basic point first made long
ago by Grabowski and Vernon (1990) in the context of new chemical entities and
confirmed by Scherer and Harhoff (2000) using a number of data collections: the
distribution of individual patent value is extremely skew, generally more skew than a
log-normal distribution. Most patents are worth very little and a few are worth a lot.
Of course, this does not imply that most are not needed or should not have been
issued, but it does suggest that the uncertainty at the time of issue is very large.

Gambardella et al. 2008 present a comprehensive study of the patent value
distribution elicited by the PATVAL surveys. They find that the mean value reported
by inventors for their patents is 3 million euros (in mid-1990s euros) with a median
that is one tenth that value. They correlate that value with commonly used indicators
such as citations, number of claims, and the number of countries in which the patent
is taken out, finding that these indicators explain only 2.7 per cent of the variance in
value, 11.3 per cent when country, industry, and technology are controlled for. The
implication is that there is still a great deal we do not know about patent value,
calling for future research.

Using renewal data to estimate the value of a patent right is in many ways the
preferred way to analyze the problem if the main focus is on the value of obtaining a
patent rather than on the value of the underlying invention. The idea of this approach
is to note that in most cases, the fees for renewing a patent rise over time, so that one
can get an idea of the distribution of the value of patent coverage in a particular
jurisdiction by looking at how many patents are renewed at different lifetimes. The
methodology was pioneered by Schankerman and Pakes (1986) and has been applied
to European patents (Schankerman 1998; Lanjouw 1993), Finnish patents
(Groenquist 2007), and U.S. patents (Bessen 2007), among others. The findings can
be summarized as confirming several points: 1) the distribution of patent rights value
is skewed; 2) chemical and pharmaceutical patents are worth more on average,
followed by electronics, computers, and communication equipment; and 3) most
learning by the patentee about the value of his patent takes place in the first 5 years
or so.

Under a set of fairly heroic assumptions, one can use the information
provided by the renewal model to compute the size of the subsidy to R&D spending
provided by the patent system. These authors find a range of answers, mostly in the
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10-25 per cent range, but Bessen concludes that the implicit subsidy is much lower,
on the order of 3 per cent. However, appealing though this approach to measuring
the value of patent rights is, it has one major drawback: patent renewal fees are
usually too low to reveal much about the truly valuable patents, those which are
always renewed to term. And it is these patents that create most of the value in the
system. The renewal approach relies on extrapolation of the distribution into a range
where no data is actually observed (typically above values of $20,000-$30,000), and
if the chosen distribution is wrong, the error in the subsidy estimate can be quite

large.16

2.5 Use of patents to secure financing

As | alluded to in my discussion of non-producing entities, one of the chief
arguments in favor of legal IP rights is their ability to protect the intangible assets of
new entrants who have no other means of appropriating returns to their investments,
thus encouraging entry. This is as true of copyright for the creation of new works by
unknown authors as it is for patents in the case of new innovative firms. In this
section of the paper | review what we know about the use of patents to secure
financing, in particular, their use by Venture Capital-backed firms.

Among others, Hall and Ziedonis (2001) report informal evidence that
individuals in the high-technology sector view patent applications as high on the list
of questions asked by a prospective VC investor. Empirically this has been shown to
be true in a number of ways. Kortum and Lerner (2000) use thirty years of data in the
United States along with a “natural” experiment in the availability of VC funds to
demonstrate that increases in industry VC activity spur patenting in that sector. That
is, VC investment increases innovation when compared to ordinary R&D investment,
or at least, increases the use of patents. Recently Haeussler et al. (2009) have shown
that patent applications, especially those of high quality, speed the arrival of VC
financing for British and German startups.

Owning or having applied for patents also seems to increase the valuation of
startups during their initial phases of VC funding. In a paper that was primarily
concerned with entrepreneurs preference for VC affiliation, Hsu (2004) found that
having no patents reduced a startup’s pre-money valuation by about 17-20 per cent.
In a careful study of 370 startups in semiconductors, Hsu and Ziedonis (2008) find
that doubling the patent application stock of a new venture increased its valuation by

28 per cent. T. Hall (2006) conducted his own survey of startup managers and found

16 1t would be useful to survey the exact magnitudes of the fees and how they vary across these various
authors’ papers, to get a picture of how sensitive the results might be to this problem.
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that patents described by the managers as “useful for generating barriers to entry”
increased pre-money valuation by about 20-30 per cent on average. In general, about
one third of the firms in his sample had such patents, and another 10 per cent had
patents that were not considered useful. An interesting result was that the valuation
effect was essentially zero in early-stage rounds, but 50 per cent in expansion rounds
(later-stage financing). So having patent applications clearly increases valuations and
the probability of obtaining VC funding.

One point hinted at in the T. Hall (2006) results should perhaps be
emphasized: there is a great deal of heterogeneity even within VC-backed startups
and across sector, with many firms receiving financing in spite of having no patent
applications. A few studies specific to particular sectors also exist. For example,
Munari and Toschi (2007) look at a global sample of nanotechnology startups and
find that although patent applications in general do not increase the value of these
firms, patent applications that were actually in the nanotechnology class increase the
financing amount received at the initial round by 15 per cent. However, the average
number of such patents held by their firms is 0.2, which implies that at least 80 per
cent of their sample have no nanotechnology patents at the initial round.?’

The same situation prevails in software, a sector that has been better studied
than some others in this area. Mann and Sager (2007) find that only one in four
venture-backed software firms have patents even several years after their first round
of financing, compared to over half of biotechnology firms, and that the rate of
patenting differs substantially within the software sector, with the applications sector
having substantially fewer patents than the internet, systems, and communications/
networking sectors. In spite of the rather low number of patents in this sector, having
patents is significantly related to the firm’s progress in terms of number of financing
rounds, longevity, and total investment. The size of the portfolio does not seem to
matter. Cockburn and MacGarvie (2007) confirm that having patents pending
(whether or not they have already been granted) significantly raises the probably that
a firm will obtain initial funding.

Hall and MacGarvie (2008) shed a different light on these rather nuanced
results, finding that the market values of firms in the applications part of the software
industry were more negatively impacted by the widespread introduction of software
patents, presumably because these firms are more likely to have to license in

technology components if they are patented, without an additional corresponding

17 It is important to note that although the sample of firms Munari and Toschi use is global, the patents
considered are only those applied for at the EPO. So there may be firms with patent applications at other
offices in the sample. However, the valuation regression does include a US dummy, so this fact is of less
concern for that regression.
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revenue stream of their own. Hall and MacGarvie also found that for software firms,
the quality of the patent portfolio was relatively more important than its size, when
compared with hardware firms. That is, patent portfolio racing is not yet a feature of
this sector.

Cockburn and MacGarvie (2007) also study the interaction between the
presence of patent thickets in a subsector (measured as the concentration of
ownership of patents citing the patents in the relevant market) and the financing and
exit of early-stage software firms. They find that entry into a market with dense
patent thickets is delayed, but once they are present in such a market, they are more
attractive to investors, stimulating IPOs. These effects seem to be weak, however, and
related to other characteristics of the firms that are difficult to control for.

Although consistent and very interesting in itself , the accumulated evidence
is in some ways not surprising. Having applied for patents is a signal that a new or
young firm has some technology worth protecting, but we don’t know whether it is
the patent or the technology that is creating the value.

2.6 Patents versus trade secrecy

There is a limited amount of work on this topic, beginning with Moser (2005),
who shows that 19t century variations across countries in the existence of patent
systems influenced the innovation strategies of inventors in the country. Absent a
patent system, they tended to focus on inventions that could be protected with trade
secrecy. She does not offer evidence on whether this fact had an overall impact on
economic performance, but if economies are fairly integrated, one would not expect a
big effect, because international trade would ensure that inventions of either type
would diffuse across the region.

Hussinger (2004) shows that patents are a more important form of protection
in present day Germany when the firm has a large share of new products on the
market. However, secrecy is also used and considered important by such firms. So the
main conclusion is the unsurprising one that protecting IP is more important for
firms that innovate more, especially if their innovations are products rather than
processes. It is probably safe to say that both means of protection are useful and
important, but in different contexts.

Lerner (1994) uses a large sample of Intellectual Property cases from
Middlesex County, Massachusetts to show that the frequency of litigation over trade
secrecy is roughly the same as the frequency of patent litigation during the early
1990s, but that smaller firms tended to favor litigating trade secrets over patents. Size

is in fact the only thing that predicts a preference for patents over trade secrecy. From
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this he concludes that secrecy is an important means of protection, more widely used
among small firms because its fixed cost relative to patenting is lower.

One area where we have seen a shift away from secrecy (possibly
accompanied by copyright) towards patenting is in software. This shift is essentially a
consequence of a series of court decisions in the United States during the 1990s that
enabled the patenting of “pure” software, accompanied by the introduction of the
world wide web and its rapid growth. One of the features of code written for the
internet is that much of it is written in languages that are readable by anyone who
downloads the web page, in contrast to traditional compiled package software. In
practice, this fact makes it less suitable for trade secret protection, and copyright
without trade secrecy is not very attractive for protecting software, as it leaves the
ideas exposed even as the expression of those ideas is protected.

The availability of patents for software has led to a shift towards patents from
copyright on the part of the larger package software firms (Graham and Mowery
2004). Nevertheless, the largest software patenters, accounting for 50 per cent of
software patenting, are still electronics multinationals.!® In addition, a large part of
the software sector, especially firms producing package software for niche markets,
still relies on copyright plus trade secrecy due their inexpensive cost when compared
to patents.

3. Policy implications

It may seem that the central patent policy question should be whether the
patent system increases innovative activity on net, recognizing that it has both costs
and benefits for this activity.1® But the extensive study of the system that is partially
documented here has revealed that this question is too simplistic. It is clear that
patents encourage innovation in many areas, and also that they have beneficial effects
for industry structure, knowledge markets, and the financing of new innovative firms.
The policy questions at the forefront now bear on how best to design a system with

these benefits without at the same time hampering innovation in other areas.

18 Graham and Mowery look at a narrow definition of software patents (excluding software embedded in
hardware) and find that 12 large electronic systems and component firms account for half of the U.S.
patents granted in 2007. The firms are IBM, Intel, Hewlett-Packard, Motorola, National Semiconductor,
NEC, Digital Equipment Corporation, Compag, Hitachi, Fujitsu, Texas Instruments, and Toshiba.
Bessen and Hunt (2004), using a wider definition of software patents, find that only 5-7 per cent are
issued to firms in the software sector, and 75 per cent to firms in the manufacturing sector. Hall et al.
2007 find that over 60 per cent of European or U.S. software patents are taken out by firms in electrical
machinery and electronics including computers, only 2 per cent by software firms.

19 A secondary question might be whether the patent system increases innovative activity so much that it
rises above the social optimum. Most scholars and policy makers seem to agree that this is an unlikely
possibility in general, although it may occur in specific cases, such as the search for a “me too”
pharmaceutical.
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A clear implication of the foregoing for policy is that optimal design is likely to
differ across technologies and sectors. Many firms in the ICT sector view the current
system as a tax on their innovative activity, whereas firms in pharmaceuticals and
biotechnology are strong supporters of the existing system. Differences in the pace of
technological change and product development across sectors suggest that optimal
patent life may also differ. But most analysts have recognized that tailoring the
system to technologies now available would inevitably leave it unable to adapt to new
technologies as they arrived, and would also lead to substantial strategic behavior on
the part of patent applicants to place their technology in such a way as to secure the
best possible protection for their particular invention. The difficulty is that
technological change moves much faster than legislative change, which means that
fine-tuning of the patent system is inevitable out-of-date by the time it is in place.

Thus the most feasible ways to move away from a one-size-fits all system are
for the courts to deal differently with different technologies (as suggested by Burk
and Lemley 2009) or for incentive compatible rules to be articulated that encourage
firms to truthfully reveal the kind of patent protection that would be useful. One way
to deal with the latter problem has been suggested by Cornelli and Schankerman
(1999). Higher renewal fees can help to weed out some patents that clog up the
system.20 The prior research on renewal behavior surveyed here (Pakes 1986;
Schankerman and Pakes 1986; Lanjouw 1993) has revealed that firms often do not
know the value of the invention protected by a patent value until about three to six
years after its issuance. Higher renewal fees would encourage patents found to be of
low to moderate value to be placed in the public domain sooner. Among other
benefits, this guarantees that the patent cannot later be resurrected and reinterpreted
to cover technology that was not originally contemplated.

Another problem for innovating firms that has been identified is the problem
of inadvertent infringement when there are many minor patents, not always clearly
written. As noted above, this problem is exacerbated by the imbalance in bargaining
power between a potential infringer and patentee, especially a non-producing
patentee. Shapiro (2007), among others, has proposed that prior user rights or an
independent invention defense be available. There are obvious costs to this proposal
as it would doubtless lead to more discovery in litigation, but also a substantial
benefit that is aligned with policy goals, given that the fact of independent invention

suggests that the invention was not “non-obvious” to persons having ordinary skill in

20 de Rassenfosse and van Pottelsberghe (2008) have recently produced convincing evidence that patent
applicants are sensitive the cost of applications, with a price elasticity of approximately -0.4. That is,
demand for patents is inelastic, but price sensitive. There is no reason to think that this finding does not
also apply to renewal fees.
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the art and that the patent should therefore not have been issued. Shapiro goes on to
show that social welfare is almost always higher if this defense is allowed. Lemley

(2007) provides a more modest proposal incorporating some of the same ideas.

4. Priorities for further research

Based on the preceding survey and policy discussion, this final section of the
paper suggests a few areas where further research might be beneficial, and then goes
on to argue that in some areas, it might be advisable to ensure access to data that is
currently only available via spotty news reporting or via the partial reporting by firms
in their annual reports.

Modern empirical research in economics largely adheres to a version of the
scientific method, with a focus on testing particular hypotheses rather than on the
measurement of magnitudes, or integration of results on a single topic or question.
This fact means that much of the research output surveyed here is not quite as useful
as one would like for drawing clear policy conclusions or answering particular
questions. As one reads through the literature on valuing patents, it becomes clear
that each author has pursued the question using different specifications from
different time periods and different countries, to say nothing of different
technological classification systems. While in itself this is a good thing, it does make it
difficult to compare the results and form an accurate picture of what has changed,
and what is common across systems. So the first need for research might be to review
these studies in somewhat more detail and to try to produce a best practice summary
of their results (augmented with new analysis as needed). In particular, the various
patent renewal studies would benefit from such an undertaking. If the question is “by
how much is the patent system subsidizing R&D and innovative activities?”, then
renewal studies seem the most promising approach.

A second area of increasing concern is the “patent explosion.” Although the
rate of growth in patent applications has abated somewhat due to the financial crisis,
application-grant lags are still unacceptably long and patent offices around the world
have been struggling with the flood. As | have asked in an earlier paper, is the
marginal scientist or engineer in an economy best employed doing R&D or examining
patents? (Hall 2007). One reason for the flood is clearly the cross-licensing behavior
of large manufacturers in ICT. As long as the inventive bar for a patent is fairly low
and especially if it is uncertain, there are incentives to flood the offices with patent
applications. We need research on ideas for incentive-compatible ways to change firm
behavior. The obvious one is to raise fees of course, but one needs to consider how

that plays out for smaller entities, who may in some cases be important sources of
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real inventions. The other area of concern is the use of continuation/divisional
strategies and whether they are truly necessary to obtain adequate returns to
innovation (especially in pharmaceuticals/biotechnology). Overall, there are many
reasons to want to raise the patenting bar (novelty standard), but how do we get
there?

| have raised the issue of non-producing entities earlier; there is considerable
evidence that such entities are able to raise costs for ICT firms under many current
legal systems and there is no doubt that the firms in question have been very vocal on
the subject (Hall 2009a, among others). Some questions for research have emerged
in this area: first, how should damage computations in litigation be modified in order
to correctly reflect the possibility of ex ante license negotiation at much lower costs to
the firms involved, that is, rather than using “rule-of-thumb” royalty rates, can we
develop methods to compute royalty rates that truly reflect the contribution of the
potentially infringed patent to the product? And to what extent is this a problem in
jurisdictions outside the United States, where most of the problems seem to have
occurred?

A second topic concerning non-producing entities that needs greater study is
their role in ensuring salvage value for failed innovative firms. That is, we know that
firms like Intellectual Ventures buy hundreds of such patents, but do we have any
idea at what price, and whether the value is significant enough to affect the ability of
firms to enter at lower cost. Research has shown that patents help secure financing
for entry, and that they increase the amount of financing firms can obtain, but we do
not know how much of that is due to the quality of the underlying invention, and how
much to the patent right itself.

Finally, study of the full administrative costs of operating a patent system
combined with the costs borne by the firms that participate or are impacted by it
(legal, opportunity, fees, etc.) is somewhat limited, but necessary in order to perform
a true welfare computation. That is, we might form a guess about how much
additional R&D is elicited by the existence of patent protection, but evaluating the
societal benefit also requires knowing how much it costs to operate. This is a very tall
order, as it involves what is in effect an economy-wide computation of something

which is in fact only a small part of the economy.

4.1 Dataon litigation and licensing

Given the extreme heterogeneity of patenting behavior and value, one can
always find a case study in the patent area to support any particular policy position.

This is especially true in the litigation area. Therefore, evaluating the importance of
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many proposed problems with the system depends on looking at the data more
broadly. However, much of the relevant data is either difficult to come by, or very
selective due to differences in firm reporting practices.

Two types of data would be especially desirable for obtaining an adequately
informed picture of litigation threats and settlements that never see the light of day.
First, we need better and more consistent litigation data including the terms of
financial settlements in patent suits. Firms that rely on the court system and public
services to settle disputes should be obligated to report the details of any settlement
reached. Such a requirement might encourage settlements (which can be kept secret)
to be reached before a suit is filed, lowering the cost of suits, but at the expense of
losing public information. In this case, it may be useful to introduce a two or three
year lag before reporting is required.

A second desirable set of data is the financial data related to licensing
contracts, some of which are of course the outcome of litigation. These data are
essential both to encourage markets for technology (Lemley and Myrhvold 2008) and
also if we are going to understand these markets more fully. It may be useful to
require reporting of patent licenses in some standardized way, again with a
substantial lag so that firm strategy is not compromised.

5. References

Arora, A., M. Ceccagnoli, and W. M. Cohen. 2008. R&D and the patent premium.
International Journal of Industrial Organization 26, 1153-1179.

Arora, A., Fosfuri, A. and Gambardella, A. 2001. Markets for Technology: The
Economics of Innovation and Corporate Strategy. Cambridge, MA: MIT
Press.

Arora, A., and R. P. Merges. 2004. Specialized Supply Firms, Property Rights, and
Firm Boundaries. Industrial and Corporate Change 13, 451-475.

Arundel, A. 2003. Patents in the Knowledge-Based Economy: Report of the Know
Survey. Maastricht: MERIT, University of Maastricht.

Austin, D. H. 1993. An Event-Study Approach to Measuring Innovative Output: The
Case of Biotechnology. American Economic Review 83, 253-258.

Baker, M. J., and B. M. Cunningham. 2006. Court Decision and Equity Markets:
Estimating the Value of Copyright Protection. Journal of Law and Economics
XLIX, 567-596

Baldwin, J. R., Hanl, P. and Sabourin, D. 2000. Determinants of innovative activity
in Canadian manufacturing firms: the role of intellectual property rights.
Working Paper No. 122. Ottawa: Statistics Canada.

Belenzon, S. 2006. Knowledge flow and sequential innovation: Implications for
technology diffusion, R&D and market value. Oxford, UK: Nuffield College,
Oxford University, available at
http://www.economics.ox.ac.uk/Research/wp/pdf/paper259.pdf

25



Hall on IPR Value June 2009

Bessen, J. E. 2008. The value of U.S. patents by owner and patent characteristics.
Research Policy 37, 932-945.

Bessen, J. E. 2006. Estimates of Firms' Patent Rents from Firm Market Value.
Boston, MA: Boston University School of Law Working Paper Series 06-14.

Bessen, J., and M. Meurer. 2008. Patent Failure. Princeton, NJ: Princeton University
Press.

Bessen, J., and Maskin, E. 2006. Sequential innovation, patents, and imitation.
Working paper, Boston University School of Law and Princeton University.

Bessen, J. E., and R. M. Hunt. 2004. An Empirical Look at Software Patents.
Philadelphia, PA: Federal Reserve Bank of Philadelphia Working Paper No.
03-17/R.

Brouwer, E., and A. Kleinknecht. 1999. Innovative Output, and a Firm’s Propensity to
Patent. An Exploration of CIS micro data. Research Policy 28, 615-624.

Burk, D. L. and M. Lemley. 2009. The Patent Crisis and How the Courts Can Solve It.
Chicago, IL: Chicago University Press.

Bussy, J.-C., I. Kabla and T. Lehoucq. 1994. La protection technologique dans
I'industrie. Le 4 Pages du SESSI, n°34.

Cockburn, I.M., and M. MacGarvie. 2007. Patents, Thickets, and the Financing of
Early-Stage Firms: Evidence from the Software Industry. Cambridge, MA:
NBER Working Paper No. 13644.

Cohen, W.M., A. Goto, A. Nagata, R. R. Nelson, and J. P. Walsh. 2002. R&D
spillovers, patents and the incentives to innovate in Japan and the United
States. Research Policy 31, 1349-1367.

Cohen, W. M., R. R. Nelson, and J. P. Walsh. 2000. Protecting Their Intellectual
Assets: Appropriability Conditions and Why Firms Patent or Not? Cambridge,
MA: NBER Working Paper No. 7552.

Cornelli, F., and M. Schankerman. 1999. Patent Renewals and R&D Incentives. Rand
Journal of Economics 30, 197-213

Czarnitzki, D., B. H. Hall, and R. Oriani. 2006. Market Valuation of US and European
Intellectual Property. In D. Bosworth and E. Webster (eds.), The
Management Of Intellectual Property. Cheltenham, UK: Edward Elgar, 111-
131.

de Rassenfosse, G., and B. Van Pottelsberghe de la Potterie. 2008. On the Price
Elasticity of Demand for Patents. CEPR Discussion Paper No., London, UK

Gambardella, A., D. Harhoff, and B. Verspagen. 2008. The Value of European
Patents. European Management Review 5, 69-84

Giuri, P., Mariani, M., Brusoni, S., Crespi, G., Francoz, D., Gambardella, A., Garcia-
Fontes, W., Geuna, A., Gonzales, R., Harhoff, D., Hoisl, K., Le Bas, C., Luzzi,
A., Magazzini, L., Nesta, L., Nomaler, O., Palomeras, N., Patel, P., Romanelli,
M., Verspagen, B. 2007. Inventors and invention processes in Europe: Results
from the PatVal-EU survey. Research Policy 36, 1107-1127

Grabowski H, and J. Vernon. 1990. A new look at the returns and risks to
pharmaceutical R&D. Management Science 36(7), 167-85.

Graham, S. J. H., and D. C. Mowery. 2002. Intellectual Property Protection in the
U.S. Software Industry. In W. M. Cohen and S. A. Merrill (eds.), The Patent
System in the Knowledge-Based Economy. Washington, DC: National
Academies Press.

26



Hall on IPR Value June 2009

Grindley, P.C., and D. J. Teece. 1997. Managing Intellectual Capital: Licensing and
Cross-Licensing in Semiconductors and Electronics. California Management
Review 39, 8-41

Groenquist, C. 2007. The private value of patents by patent characteristics: evidence
from Finland. Journal of Technology Transfer 34, 159-168.

Haeussler, C., D. Harhoff, and E. Mueller. 2009. To be financed or not...- the role of
patents for venture capital financing. Mannheim, Germany: ZEW Discussion
Paper No. 09-003.

Hall, B. H. 2009a. Business and financial method patents, innovation, and policy.
Scottish Journal of Political Economy, forthcoming.

. 2009b. Issues in and possible reforms of the U. S. Patent System. In S.
Nagaoka, M. Kondo, K. Flamm, and C. Wessner, (eds.), 21st Century
Innovation Systems for Japan and the United States: Lessons from a Decade
of Change, Washington, DC: National Academies Press.

. 2007. Patents and Patent Policy. Oxford Review of Economic Policy 23
(4), 1-20.

. 2005. Exploring the Patent Explosion. Journal of Technology Transfer
30, 35-48.

. 2000. Innovation and Market Value. In R. Barrell, G. Mason and M.
O’Mahoney (eds.), Productivity, Innovation, and Economic Performance.
Cambridge, UK: Cambridge University Press, 177-198.

Hall, B. H., A. B. Jaffe, and M. Trajtenberg. 2005. Market Value and Patent Citations.
Rand Journal of Economics 36, 16-38

Hall, B. H. and M. Macgarvie. 2006. The Private Value of Software Patents.
Cambridge, MA: NBER Working Paper No. 12195, revised 2008.

Hall, B. H., G. Thoma, and S. Torrisi. 2007. The Market Value of Patents and R&D:
Evidence from European Firms. Cambridge, MA: NBER Working Paper No.
13428.

Hall, B. H. and R. H. Ziedonis. 2001. The patent paradox revisited: an empirical
study of patenting in the U.S. semiconductor industry, 1979—1995. RAND
Journal of Economics 32, 101-28.

Hall, T. 2006. Law, Finance, and Venture Capital: The Cost of Capital for High-Tech
Firms. Christopher Newport University, Newport News, VA.

Harabi, N. 1995. Appropriability of technical innovations an empirical analysis.
Research Policy 24, 981-992.

Heiden, B. J. 2001. The Microeconomic Asset Value of a Patent: An Empirical Study
of Highly Valuable Swedish-owned Patents. Thesis Part I, Gothenburg,
Sweden: Chalmers University of Technology.

Heller, M. A. and Eisenberg, R. S. 1998. Can patents deter innovation? The
anticommons in biomedical research. Science 280, 698—701.

Hsu, D. H. 2004. What Do Entrepreneurs Pay for Venture Capital Affiliation?
Journal of Finance LIX (4), 1805-1844.

Hsu, D. H., and R. H. Ziedonis. 2008. Patents as Quality Signals for Entrepreneurial
Ventures. Academy of Management Best Paper Proceedings.

Hussinger, K. 20086. Is Silence Golden? Patents versus Secrecy at the Firm Level.
Economics of Innovation and New Technology 15, 735-752

27



Hall on IPR Value June 2009

Judd, K. L. 1985. On the performance of patents. Econometrica 53, 567—95.

Kortum, S., and J. Lerner. 2000. Assessing the Contribution of Venture Capital to
Innovation. Rand Journal of Economics 31, 674-692.

Kusunoki, K., I. Nonaka, and A. Nagata. 1998. Organizational capabilities in product
development of Japanese firms. Organization Science 9, 699—718.

Lanjouw, J. O. 1993. Patent Protection: Of What Value and For How Long?
Cambridge, MA: NBER Working Paper No. 4475.

Lemley, M.A. 2007. Should Patent Infringement Require Proof of Copying? Michigan
Law Review 105, 1525-1536

Lemley, M.A. and C. Shapiro. 2007. Patent holdup and royalty stacking. Texas Law
Review 85, 1991-2049

Lemley, M.A., and N. Myhrvold. 2008. How to Make a Patent Market. Hofstra Law
Review 36, 257-259

Lerner, J. 2002. Patent policy shifts and innovation over 150 years. American
Economic Review 92, 221-5.

Lerner, J. 1994. The Importance of Trade Secrecy: Evidence from Civil Litigation.
Boston, MA: Harvard Business School Working Paper No. 95-043.

Lerner, J., and F. Zhu. 2005. What is the Impact of Software Patent Shifts?: Evidence
from Lotus v. Borland. International Journal of Industrial Organization 25,
511-529.

Levin, R. C., A. K. Klevorick, R. R. Nelson, and S. G. Winter. 1987. Appropriating the
returns from industrial research and development. Brookings Papers on
Economic Activity 1987(3), 783—831.

Mann, R. J. 2005. Do Patents Facilitate Financing in the Software Industry? Texas
Law Review 83, 961-1030.

Mann, R. J., and T. W. Sager. 2007. Patents, Venture Capital, and Software Startups.
Research Policy 36, 193-208.

McCurdy, D. P., and C. Reohr. 2008. A new tool for a new kind of patent adversary.
Intellectual Asset Management Magazine (Oct/Nov), 31-35.

Moser, P. 2005. How do patent laws influence innovation? Evidence from
nineteenth-century world fairs. American Economic Review 95, 1214—36.

Munari, F., and L. Toschi. 2007. How good are VCs at valuing technology? An
analysis of patenting and VC investments in nanotechnology. Paper presented
at the Riunione Scientifica Annuale Aiig, Milano, Italy and the EPIP Annual
Meeting, Lund, Sweden.

Nagaoka, S. and N. Tsukada. 2007. Innovation process in Japan from inventors’
perspective: results of RIETI inventor survey. Tokyo, Japan: RIETI
Discussion Paper07-J-046 (in Japanese).

Nagaoka, S., and J. P. Walsh. 2009. Commercialization and other uses of patents in
Japan and the US: Major findings from the RIETI-Georgia Tech inventor
survey. RIETI Discussion Paper, Tokyo, Japan.

OECD. 1994. Using Patent Data as Science and Technological Indicators, Patent
Manual.

Pakes, A. 1986. Patents as Options: Some Estimates of the Value of Holding
European Patent Stocks. Econometrica 54 (4), 755-784.

28



Hall on IPR Value June 2009

Penrose, E. 1951. The Economics of the International Patent System. Baltimore, MD:
Johns Hopkins Press.

Reinganum, J. F. 1989. The timing of innovation: Research, development, and
diffusion. In Handbook of Industrial Organization, vol. 1, ed. R. Schmalensee
and R. D. Willig. Amsterdam: North-Holland.

Reitzig, M., J. Henkel, and C. Heath. 2007. On sharks, trolls and their patent prey:
Unrealistic damage awards and firms' strategies of "being infringed".
Research Policy 36, 134-154.

Scotchmer, S. 1991. Standing on the shoulders of giants. Journal of Economic
Perspectives 5(1), 29—41.

Schankerman, M. 1998. How Valuable is Patent Protection? Estimates by Technology
Field. Rand Journal of Economics 29, 77-107.

Schankerman, M., and A. Pakes. 1986. Estimates of the Value of Patent Rights in
European Countries During the Post-1950 Period. Economic Journal 96,
1052-1076

Scherer, F.M., and D. Harhoff. 2000. Technology Policy for a World of Skew-
distributed Outcomes. Research Policy 29, 559-566

Shapiro, C. 2007. Prior User Rights. American Economic Review 96, 92-96

Simcoe, T. S., S. J. H. Graham, and M. P. Feldman. 2009. Competing on Standards?
Entrepreneurship, Intellectual Property and the Platform Paradox. Journal of
Economics and Management Strategy, forthcoming

Statistics Canada. 2002. Survey of Innovation 1999: Statistical Tables,
Manufacturing Industries. Ottawa: Statistics Canada.

von Graevenitz, G., S. Wagner, and D. Harhoff. 2008. Incidence and Growth of
Patent Thickets - The Impact of Technological Opportunities and Complexity.
Munich, Germany: Ludwig-Maximilliens Universitaet.

von Graevenitz, G., S. Wagner, K. Hoisl, B. H. Hall, D. Harhoff, P. Giuri, and A.
Gambardella. 2007. The Strategic Use of Patents and its Implications for
Enterprise and Competition Policies, Report for the European Commission.

von Hippel, E. 1988. The Sources of Innovation. Oxford, U.K.: Oxford University
Press.

Wright, B. D. 1983. The economics of invention incentives: Patents, prizes, and
research contracts. American Economic Review 73, 691—707.

29



