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Abstract

Markets for technology promise to increase productivity by better allocating innovative
capacity across firms. Research on the demand side of these markets, however, has been
limited. In this paper, we use a new dataset of patents available for licensing from a large,
innovative academic medical center (AMC) to understand the structure of these markets. Our
data includes information on all firms that showed interest in these patents by signing a
confidentiality agreement and later decided whether to license or not license the focal
technology. Strikingly, we find that of the 285 patents we observe, about 30% of patents are
never even looked at, and of those that are looked at about 25% are not eventually licensed.

Because market safety issues are ameliorated in this market, we hypothesize that the lack of
demand is due partly to the necessity for complementary technologies in the licensing firm.
We measure technology proximity, as captured by different measures of the overlap of
International Patent Classes between the AMC patent and the firm’s own technology. We find
that technological proximity is indeed a determinant of the decision to in-license once a patent
has been looked. Firms are more likely to license technologies that are close to their own at
the broadest proximity measure level. However, at the more granular level, conditional on
broad-level proximity, greater similarity between the licensee’s technology portfolio and the
AMC patent makes license less likely. This implies that “close” fit is good but “very close” fit is
detrimental for in-licensing.
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2 Introduction

Markets for technologies (MFT), where ideas and early stage technologies are
traded, promise substantial allocative efficiencies and opportunities for productivity
growth by promoting gains from trade and specialization of innovative labor (Arora and
Gambardella, 2010). They are needed when the locus of innovation is outside of the
firm best fit to commercialize it. Suppliers of technology can be lone inventors or users
uninterested in entrepreneurship, not-for-profit institutions specializing in publicly
funded academic research or firms that do not possess the downstream assets to
commercialize their technologies in any or all markets (von Hippel, 1976; Bresnahan
and Trajtenberg, 1995; Teece, 1986;). On the demand side, potential efficiencies also
exist as firms with downstream assets could use their strengths by buying (better)
technology from outside instead of (only) relying on their own R&D capabilities
(Pisano, 1990).

The potential benefits of markets for technologies can only be realized if they
can efficiently provide stable matching between each idea for sale and the firm best fit
to commercialize it (Gale and Shapley, 1962; Roth, 2008). Market design theorists have
pointed out a few characteristics of markets that are needed for such efficiency —
thickness, lack of congestion and safety. A market is thick if a large proportion of the
potential buyers and sellers participate in the market. It is not congested if it gives an
opportunity to each participant to consider multiple transactions. And, finally, it is safe
for participants when they choose the market over other ways of transacting and reveal
their true preferences without engaging in welfare reducing strategic behavior (Roth,
2008).

Gans and Stern (2010) highlight the three main characteristics of ideas that can
prevent markets for technologies from operating efficiently — idea complementarity,
user reproducibility and value rivalry. Idea complementarity is the notion that ideas are
only useful in combination with other complementary ideas. Its existence reduces the
number of potential matches to any given buyer or seller and increases the requirements
for market thickness. User reproducibility refers to the fact that once disclosed, ideas
can easily be reproduced and the buyer can then become a seller or not pay for the idea
(Arrow, 1962). Value rivalry is the fact that value gained by one user may diminish as

others also use the idea. User reproducibility and value rivalry can reduce market safety
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by inducing strategic behavior by the participants which would result in overall
reduction of welfare (Roth, 2008)

Strategy research related to Markets for Technologies has concerned itself
mostly with market safety issues that may force firms to choose to not transact in the
market or can make them engage in strategic behavior (Arrow 1962; Pisano, 1990; Gans
et al, 2008; Anton and Yao, 1994; Arora and Fosfurri, 2003; Teece, 1986; Zeckhauser,
1995) In this study we are able to abstract from market safety issues and concentrate on
idea complementarity and its significance for market thickness.

In our paper we explore a small market for technologies in the context of
technology licensing from an Academic Medical Center (AMC). We observe not only
all concluded licenses but also the population of all firms who showed an interest in our
sample of patents by signing a confidentiality agreement, evaluative material transfer
agreement or an option to an exclusive license and later decided to license or not a
patent. This allows us to describe the structure of demand in a market for technology,
something that has never been accomplished before.

This market is special in that problems of safety and congestion in markets for
technologies are alleviated or non-existent. Our ideas are patented providing a good
degree of appropriability and reducing issues of reproducibility by non-licensees.
Second, while our seller is interested in generating income its overarching goal in
licensing is to see these technologies commercialized and serving the greater good. As a
result, it is willing to negotiate with the buyer and price is not the reason why a license
is not concluded with a potential buyer. Licensing officer incentives are aligned with the
goal of commercialization, not profit maximizing, and significant resources and effort
are expended in attempt to commercialize these inventions. Furthermore, the institution
is in the business of research and patient care and will not compete with the licensor
downstream. As a result, it has no strategic reasons to withhold invention related
information from the potential buyer. Additionally, asymmetric information problems,
especially with regard to uncertainty regarding the technology quality are attenuated —
the inventions come from one of the largest and most respected research institutions in
the world.

Given the elimination of many market safety and congestion issues however, we
are still faced with a puzzle: of our sample of 285, approximately half (47%) are never
licensed and some 85 (30%) are never even looked at. Of those that are looked at, but

not licensed, the first firm to look arrives, on average, 2.75 years after the patent has
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been filed, or approximately 4-4.5 years after the invention disclosure. Of those that are
licensed at least once, first license occurs at 4 years after patent filing or approximately
5.5 years from invention disclosure on average. A patent that has been looked at, but not
licensed, gets 2.23 looks, while one that has been licensed has been considered for
licensing by 3.24 firms and licensed by 2.02 on average.

In this study we show that even when market safety issues have been
substantially alleviated, markets for technologies remain thin in the sense that a large
number of inventions remain not only unlicensed but also never looked at. This leads us
to focus on the importance of idea complementarity for the efficient working of these
markets. We explore the topic by asking the following research question: “How does
technology complementarity affect firm decision to buy a specific idea in markets for
technologies?”

We hypothesize that a firm’s decision to license a particular invention is
dependent on how technologically close its patent portfolio is to the patent under
consideration. However we are also able to test for a more complex relationship
between proximity and licensing. Using widely accepted measures of technological
distance we show that firms license inventions that are close to what they own at the
broad level of measurement indicating that idea complementarity is important in their
decision making process. However, we also find that controlling for broad level fit, a
very close fit at the more granular level of measurement lowers the likelihood of a

license due to potentially duplicating in-house efforts.

3 Literature Review and Hypothesis Development
3.1 Markets for technologies

The volume of trade in markets for technologies has been expanding in recent
years. Arora and Gambardella (2010) review recent data from various sources to arrive
at a market size of approximately $100 billion globally in 2002 which is about double
their earlier estimate of $35-50 billion in the mid-1990s. They also estimate that the
market has grown at a higher rate than the average global GDP growth rate in the last
two decades (Arora et al. 2001; cf. Athreye and Cantwell, 2007; Robbins, 2006; OECD,
2006). Other survey based studies point to the increasing importance and rate of out and
in-licensing by firms (Sheehan et al, 2004; Zuniga and Guellec, 2008; Lichtenthaler and
Ernst, 2007; Tsai and Wang, 2009)
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There is some evidence, however, that not all technologies supplied get licensed.
Using PatVal survey data Gambardella et al. (2007) show that 11% of the firm-owned
patents in the sample are licensed but another 7% remain unlicensed even when the firm
wants to license them. While there is no information on firm effort in the licensing
process, patent quality differences explain the firm’s willingness to out-license a
particular patent but not whether a license actually occurs. This leads the authors to
speculate that it is market and organizational inefficiencies that result in such a licensing
shortfall. The result is consistent with other findings that firms are unable to find
interested parties in 75% of the cases in which they want to license and are able to
conclude licenses for only 4% of the technologies they wish to license. They often cite
high search costs for licensees as the reason (Razgaitis, 2004).

3.2  Demand in Markets for Technologies

There is little information regarding firms’ demand for outside technologies in
the literature. The few available studies are mostly based on survey data on firm
practices rather than specific licenses, use different definitions of in-licensing and are
difficult to generalize by geography or industry. Using data from a survey on low and
medium technology firms from Taiwan, Tsai and Wang (2009) find that 95% of the 753
firms in their sample licensed technology from outside. Rate of in-licensing also appears
to differ by country. While attitudes towards in-licensing are similar between Japan and
the UK, for example, the incidence of in-licensing is higher in Japan where companies
also search more for technology to in-license (Pitkethly, 2001).

Other studies imply passivity on the demand side of these markets and show that
the party that initiates the licensing contact is often the supplier (Atuhanegima and
Patterson, 1993; Lowe and Crawford, 1984; Ford, 1988). Those who license, however,
seem to value the technology that they have acquired. In a survey of firms using
university technology, Thursby and Thursby (2004) find that more than half of the
respondents use university technology in new product development and 23% note that
in-licensed patents from universities were crucial in the development of their products.

Research on the demand side of markets for technologies has focused on the
firm’s decision to “make” or “buy” outside technologies and the factors that influence
that decision. Pisano (1990) shows that the firm’s choice of external or internal sourcing
of R&D depends on considerations of market safety, specifically concerns of

appropriability and future hold up due to small-numbers bargaining.
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Other studies however show that the success of a strategy of external technology
acquisition depends on in-house R&D investment indicating that the two are
complements rather than substitutes (Cassiman and Veugelers, 2006; Lowe and Taylor,
1998; Tsai and Wang, 2007). Internal R&D is necessary not only to be able to absorb
technologies that the firm has decided to acquire but also to monitor the state of the
technology outside the firm’s boundaries and evaluate potential technology acquisitions
(Rosenberg, 1990; Cohen and Levinthal, 1990; Arora and Gambardella, 1994).

With our study we contribute to this literature by describing the structure of
demand in a market for technologies. We use a new dataset of patents from an academic
medical center and observe all instances when a firm showed an interest in a technology
and its decision to conclude or not a license for that technology later. While the supply
side studies have focused on the importance of the product and its attributes to
understand this market, our demand-side focused study lets us also explore firm
characteristics in the licensing decision. Specifically we are interested in the importance
of technology complementarity in firm decision making. We are able to look at
complementary technological capabilities in the firm in a very concrete way by
observing the patents that the firm already owns and their characteristics. This allows
us to answer the question: “Does the technology developed inside the firm influence its
decision to acquire a specific outside technology, given interest in the technology.”

3.3 The Importance of Complementary Technologies

The importance of complementary assets in firms’ technology acquisition
decisions has been explored before (Teece, 1986; Pisano, 1990). Two studies by Killing
(1978) and Caves et al. (1983) look at how in-licensed technologies relate to a firm’s
current products and capabilities. They provide descriptive statistics on the type of
technologies that firms in-license using a convenience sample of 34 licensee companies
in the UK and Canada with over 80 licenses in 1974. They find that 22 percent of the
licenses were concluded to strengthen the firm’s existing products and 70 percent
complemented their current capabilities. However, they only rely on licensee survey
reports rather than a technology proximity measure and their definition of proximity
relates to the products and firms’ capabilities rather than the firms’ existing
technologies.

Little is known about the influence of a firm’s technological portfolio in
acquiring innovation from outside. Related studies have looked at the importance of

technological proximity for firms’ diversification decisions. Breschi et al. (2003) find
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that a firm’s diversification decision is path dependent and firms expand into related
fields. Building on the resource based view of the firm, Silverman (1999) also shows
that firms diversify into areas where their existing technological resources are most
relevant. Furthermore, in the context of strategic alliances, firms whose technologies
are more similar prior to the alliance partners’ tend to “absorb capabilities” from their
partners (Mowery et al., 1996). In fact technological proximity has been used to
quantify spillovers (Jaffe, 1987).

In a recent study, Laursen et al. (2010) assume that firms license technologies
that are close to what they currently hold and show that firms with a more diverse
current portfolio of technology, implying higher “monitoring” and "assimilation”
capacity, will license technology that is further away from their current in-house
expertise.

Based on findings above that firms may be more willing to diversify into
technologically closely related areas, we propose the following hypothesis:

H1: Firms are more likely to license inventions that are close to their own
technological portfolio, ceteris paribus.

We expect that a firm is better able to know about available technology in an area that is
closely related to its current knowledge base, reducing search costs for outside
inventions. Furthermore, once such inventions are identified, it will be less costly for the
firm to correctly evaluate it and assimilate such outside technology into its current
portfolio (Cohen and Levinthal, 1990; Arora and Gambardella, 1994). The firm’s
existing technological capabilities will then help it extract the most value from it
(Silverman, 1999). In this study we don’t witness a firm’s search for new technology
since we only observe firms in the “evaluation” stage. Additional data, in terms of
commercialization outcomes will let us observe the process of “value extraction” from
the firm’s current resources as well.

More importantly however, technological proximity is necessary because ideas
are often only useful with other ideas (Gans and Stern, 2010). Heller and Eisenberg
(1998) argue that especially in biomedical research, inventions are so interdependent
that when intellectual property rights are held by different entities, commercialization
can effectively be blocked in case of coordination failure. Such idea complementarity
makes inventions only relevant to a few buyers which further lowers chances of a match
in the marketplace. As such, the existence of complementary ideas evidenced by

technological proximity will be crucial in a firm’s decision to license an invention.
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Licensing ideas complementary to the ones that it already owns can greatly
benefit a firm that is developing new products. However, we expect that technologies
that are very similar to what the firm owns in the sense that they can be substitutes to in-
house developed inventions will not be licensed. Let’s assume that the quality of the in-
house and the in-licensed technology are similar and perfectly observable to the firm.
The firm has already incurred significant costs for its version of the invention and
expects to receive the full amount of the future revenue stream. If it decided to in-
license a very similar technology, however, it would most likely pay future royalties to
the licensor. As a result, it would choose not to license.

The difficulty of evaluating such early stage technologies and the costly transfer
of tacit knowledge associated with outside inventions will further lower the chances of a
firm licensing even if quality of the outside invention was better (Polanyi, 1966; von
Hippel, 1994; Agarwal, 2006). Furthermore, it is possible that many firms have
incentives that reward company scientists for advancing their own technology to the
product stage rather than in-licensed technology. Those same scientists are most likely
the ones who are evaluating outside technology as well. Behavioral issues such as the
so-called “not-invented-here” syndrome which may cause scientists to evaluate outside
inventions as inferior to their own have also been pointed out as potential reasons for
preferring in-house technologies (Katz and Allen, 1982). This leads us to our second
hypothesis:

H2: Firms are less likely to license inventions that are technologically very close

(i.e. potential substitutes) to their own technology portfolio, ceteris paribus.

We are able to distinguish between H1 and H2 by using an improved version of
a widely accepted measure of technological proximity - the cosine, i.e. the uncentered
correlation between the technological classes of a focal patent and the firm patent
portfolio (Jaffe, 1986). Instead of USPTO patent classes however we use International
Patent Classes that have a nested structure and allow us to measure proximity at
different levels of granularity. As suggested by previous scholars, we also improve on
proximity measures by using all of the IPC codes assigned to a patent rather than the
main IPC code (Benner and Waldfogel, 2008).
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4 Data
4.1 Research Setting and AMC data

The main dataset for our study comes from the technology licensing office
(TLO) of a large Academic Medical Center (AMC). It contains all 285 AMC patents
filed and granted between 1980 and mid-2008 and the associated 307 agreements --
confidentiality agreements, option agreements, licenses or assignments-- signed with
interested firms for those patents up to 2011. Patents that are co-owned with other

institutions or are the result of sponsored research by companies are not included.

AMC employees are required, by law, to disclose to the TLO any patentable
invention developed while at the institution or with funds administered through the
institution. The AMC assumes all rights to the intellectual property (IPR) and funds and
manages patent prosecution and licensing through the TLO. Income from patents (above
costs) is divided in the following way — 25% split between the inventors, 25% to the

lead inventor’s lab, 25% to the lead inventor’s department and 25% to the hospital.

Once a patent is filed, the invention is marketed to potential firms through direct
mailing and non-confidential information is made publicly available through the web.
Information is also disseminated through inventors’ research publications, conference
presentations and formal and informal contacts with industry. If a firm decides it is
interested in a technology, a confidentiality agreement (CDA) is signed which provides
access to in-depth information about the research findings, the IPR protection strategy
and patent application.* The signing of a CDA does not involve a fee or provide any

rights to use the patents. Concurrent CDAs with multiple firms are common.

Some of those firms then return to sign an exclusive option to a license for a
certain period of time or a license to the patents. Options include option fees and patent
expense reimbursement for the duration and provide no rights to use the patents.
Licenses involve a combination of patent expense reimbursements, license fees,
maintenance fees, and milestone and royalty payments by the firm. Our data includes all

the agreements signed for these patents, categorized into “deals not done” (for CDAs

! Note that the American Inventors Protection Act granted the USPTO the right to publish patent applications after 18
months from first filing (priority) date. However, it also gives the right to the applicant to request that the application
not be published “but only if the invention has not been and will not be the subject of an application filed in a foreign
country that requires publication 18 months after filing (or earlier claimed priority date) or under the Patent
Cooperation Treaty” - http://www.uspto.gov/patents/resources/general_info_concerning_patents.jsp - accessed on
November 23, 2011
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and options) and “deals done” (for licenses). In cases where a firm signs a CDA, then
an option and then a license for the same patent, we only select the latest agreement per
firm-patent. We end up with 307 agreements (295 useable) and overall 600 patent—
agreement pairs (588 useable) because many agreements have multiple patents under

them and many patents have been looked at and licensed by multiple firms.

The Licensor is a non-profit institution that does not have the willingness or the
ability to compete downstream with potential licensees. It also has a mandate to bring
these technologies to market to cure disease and further research rather than just
maximize profit. As a result, when licenses are not concluded, it is never because of
inability to reach a mutually agreeable price with the company. It is because the
potential licensee decided that they were no longer interested in the technology for
reasons other than price. This is also seen through qualitative data in the case files -
comments by officers about why the potential licensee may not have returned for a
license after signing a CDA never list price as the reason. License terms are quite

standard based on the technology type but negotiation and variation are possible.

4.2 Company Data

Each company’s technology profile at the time of agreement signing was
compiled using patent data. For the purposes of this paper, we defined a company’s
technology position using the IPC patent codes of all the company patents filed before
the time of agreement signing (Jaffe, 1987; Silverman, 1999). There are a few studies
that show that learning depreciates over time (e.g. Benkard, 2000) and company focus
may change and lead to a different technological expertise now from the one many
years ago. However, it is not clear how long it takes for such technological expertise to
change or expire. Data limitations prevent us from determining which company patents
are still valid (rather than expired or abandoned) at time of agreement signing. Future
versions of the paper will do robustness checks on whether using only patents filed in

the last 5, 10, 15 years, before agreement signing will change our results.

It is important to note that determining patent portfolio in an industry where
there are so many mergers and acquisitions (M&A) is difficult. For the top 10 largest
pharmaceutical companies, we included the patents of previous top 10 large
acquisitions. For example, Hoechst patents were included in the Aventis portfolio after

the merger but for smaller firms this was not possible due to data limitations. Some data
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is available, but incomplete for M&As after 1992 but often M&A deals are described as
“acquisition or divestiture of nutrition or vaccine business of firm A” and it is not clear

which patents go with such acquisitions or divestitures.

The advantage of using IPC codes rather than USPTO codes is their five nested
levels of detail from broad to detailed -- section, class, subclass, main group and
subgroup level which lets us measure technology fit at various levels of detail.
Furthermore, with the exception of the finest level of measurement — the subgroup level
(which we don’t use) - patent IPC codes are not laterally nested — i.e. consecutive IPC

codes are not subsets of each other except at the subgroup level (excluded).?

The main independent variables that we construct using patent IPC codes are our
technology proximity measures between the focal AMC patent(s) and the patent
portfolio of the interested firm. For this purpose we use the cosine measure pioneered
by Jaffe (1986) but with modifications that use all IPC codes on the patent and at
different levels of detail - subclass and main group.

The cosine measure calculates the angular distance between two vectors that
characterize the firm’s and the AMC patent’s position in a technology space defined by
patent classes. For this purpose we create a technology position vector for a firm’s
portfolio of patents Fi=(Fi1, Fi2, Fis... Fik), where each ‘entry’ is the share of a firm’s
patents’ IPC codes in a certain technology class k. A technology position vector, Fj is
also created for the specific hospital patent under the firm’s agreement. The angular
distance between the two vectors is then the measure of technology similarity and it
ranges between zero and one, one being a perfect fit and zero being no overlap in
technology. It is calculated using the following formula:

F{F;

ij
/(Fi'Fi)(Fj'Fj)

We modify the main group cosine measure further by computing a “within
section” cosine measure constructed based on the above formula, except we exclude all

IPC codes in the firm patent portfolio which do not match the AMC focal patent IPC

2 AG1F 2/04 is an example of an IPC code. A is the section, 61 is the Class, F is the Subclass, 2 is the Main Group and 04 is the
Subgroup. For example A61F 2/04 is a subset of A61F 2/02 at the subgroup level. However, A61F 2 and A61F 3 (at the main group
level) are not nested within each other. Please see more at

http://www.wipo.int/ipcpub/#refresh=page&notion=scheme&version=20120101&symbol=A61F000202
0000
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codes at the section levels. This measure looks at proximity of the closest part of a
company’s technology portfolio to the focal patent so we use it at the nested, main
group level. We report these results because we believe they are more appropriate but
our proximity measure results have the same sign and significance without the “within

section” modifications.

4.3  Control Variables

In keeping with prior literature we use AMC patents’ cites to characterize them.
Unlike citations in academic articles, citations to previous patents, also referred to as
prior art, delineate and limit the scope of a patent. If a patent cites a prior patent, it
means that it cannot lay a claim to the invention in the previous patent. Patent citations
are added to the patent both by the patent filer and the examiner. Normally, the more
prior art a patent has, the more incremental it is considered and the more developed the
technological area to which it belongs. Conversely, fewer backward citations imply that
a patent is pioneering. A count of future cites divided by the number of years since
patent grant are used to control for the importance and commercial value of a patent
(Trajtenberg, 1990). Measures of patent originality and patent generality, pioneered by
Hall et. al. (2001) are also used as controls. The use the dispersion into different
technology groups of cited and citing patents respectively to measure whether the patent
is original or general where general patents are those that are a platform for a larger
variety of future technologies. We use the number of IPC codes assigned to a patent as a
measure of patent scope as it has been shown to determine patent valuations and

licensing outcomes (Lerner, 1994; Gambardella et. al., 2007; Decheneaux et al., 2008).

Technology age, measured as the time from the AMC patent’s priority date® to
the agreement date, is another control variable. Technology risk is likely to be
augmented as the invention gets older because further developments are likely under
way. Cohort variables are also included for each five year period since 1980 depending
on the priority date of the patent — a patent with a priority date in 1993 belongs to the
1990-1994 cohort.

An indicator variable about whether the AMC patent protects a medical device

was manually coded by reading through the patent claims. The criterion was whether

3 Priority date is the date when the first patent from an invention was filed. That first patent may then be
split into different patents or have other material added to it.
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the invention would have required an approval by the FDA as a device in order to be
used in the market. Indicator variables for the IPC code section to which the patent
belongs were also used as further technology controls. The lead inventor experience
variable is defined as the number of inventions that the inventor has previously
disclosed and patented at this specific technology licensing office (TLO). It is a proxy
for the inventor’s experience both innovating and navigating the licensing process. It is
also a signal to firms of the invention’s quality and strong IP rights and hence its

commercialization potential.

At the firm level we use count of filed firm patents at time of agreement as a
control. Because many of our firms, especially those that appear multiple times in our
data undergo mergers and acquisitions, we are not able to include firm fixed effects.
Furthermore, even though some firms have multiple agreements, most firms have only

one or two.

4.4  Descriptive Statistics
4.4.1 Patent Level Descriptive Statistics

Descriptive statistics for the patent level dataset are included in Tables la and
1b. The patents are separated into three different groups — those that were never looked
at, those that were looked at but were never licensed and those patents that were
licensed at least once. Significance levels of two tailed t-tests of comparisons between
the first two groups and the “licensed” group are indicated next to the mean of the
variable in the respective group. For example, the stars next to the mean value of the
variable “Number of Cited Patents” in the “Never Looked At” group indicate that the
difference of the means of the “Number of Cited Patents” between the “Never Looked
At” and “Licensed At Least Once” groups is statistically significant.

The “lead inventor experience” variable behaves as expected. Firms can view an
inventors’ experience as a signal of invention quality and commercialization potential.
A larger number of inventions can imply stronger and broader IP rights if the inventor
has worked on similar problems before and his previous inventions can be licensed
together with the current one. The patent scope variable (Lerner, 1994) is also intended
to measure breadth of IP rights and, as expected, it differs significantly between the
“never looked at” and “licensed” group as well. As expected, forward cites per year are
largest among the licensed patents indicating that those are more important and more

inventions build on them.
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“Number of Cited Patents,” an indicator of how pioneering the technology is,
contradicts previous research. Radically innovative patents would have little or no prior
art because if a patent cites a previous patent, it means that it builds on it. When we look
at the “age of oldest cited patent” statistic, we note that while 92% (140 out of 152)
patents in the “Licensed” group cite prior patents, only 77% (66 out of 85) do in the
“Never Looked At” group. This indicates that the more pioneering a patent is, the less
likely it is to be looked at or licensed and the trend holds over all groups. This also
implies that university technology is ahead of industry developments. This implication
that firms prefer to license in more established technologies even if that leads to
narrower IP rights is confirmed by the average age of patents cited by the AMC patents
under the agreements. We note that of those patents that cite at least one prior work
those in the “Never Looked At” group cite on average younger patents than those in the
other groups and this difference is statistically significant.

Interestingly, while 38% of the patents in the ‘never looked at’ group are
devices, only 29% and 20% in the ‘looked at but not licensed’ and ‘licensed’ categories

respectively are devices, indicating that devices are much less likely to be licensed.

4.4.2 Patent-Agreement Level Descriptive Statistics

The next level of descriptive statistics is at the agreement — patent level. In this
dataset there are 588 observations and each observation is a patent agreement pair. Each
agreement is either a ‘deal done’ or ‘deal not done’ and some agreements contain
multiple patents. Since some patents also have multiple agreements on them, a patent
may be in the ‘deal not done’ column with a certain agreement and in the ‘deal done’
column with a different agreement.

Our most important independent variables are the proximity measures. The
cosine measure at the subclass level defines the overall broad proximity between a firm
and a patent while at the main group level it represents proximity at a finer detail. The
main group level cosine measure is more appropriate for “within section” fit. Both
measures have a range between 0 and 1 with 1 indicating a perfect similarity and 0
indicating no similarity between the focal patent and the firm patent portfolio. We note
that our cosine measure at the subclass level is smaller in the “no deal” group than in the
“deal” group, indicating that firms license technologies that are closer to the technology
that they own. At the cosine main group level measured within the AMC patents’

sections, there seems to be no difference between the two groups.
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It is important to note that the cosine measures are not defined for agreements
with firms that have no patents as they don’t have IPC classes for matching with the
AMC patent. In Table 2a, we first show the mean of this variable after we replace the
cosine measure with a zero indicating no similarity between the patent and firm
technology for firms that have no patents. The difference of the means of the cosine
subclass level between the “deal” and “no deal” groups is statistically significant in this
sample. We then exclude those observations where the cosine is not defined and
calculate the means without replacement. The means of the cosines are not significantly
different between the groups any more.

In confirmation of our previous result on the age of technology offered for
licensing, we find that “deals” are significantly more likely to occur when the
technology is older, indicating again that firms prefer more established inventions. They
also prefer inventions with higher impact indicated by the difference between means in
the two groups along the “citations received” variable. As expected from the patent

dataset devices represent a higher percentage of the “deals not done.”

5 Results:
51  Patent Level Models

Because we have some patents that are “never looked at”, some that are “looked
at but never licensed” and some that are “licensed at least once”, we run a number of
analyses to understand what patent characteristics may influence licensing or interest in
an invention in general. We run a multitude of regressions using the variables that we
have described above. The results are in Tables 4a and 4b.

The first models we run, reported in Table 4a try to explain whether a patent has
been looked at by a firm, how many times it has been looked at and how much time has
passed before the first look. Each agreement (i.e. a CDA, option to license or a license)
is a “look”. The second set of models, in Table 4b has licensing outcomes as the
dependent variable — whether a patent has been licensed, how many times it has been
licensed and time to first license.

Interestingly, we see that the variable that measures the number of citations
received, an indication of importance, is not statistically significant in explaining
whether a patent is looked at or licensed when other variables are controlled for.
However, the number of previous cites is positively related to whether a patent is looked

at or licensed, indicating that more established technologies are more likely to be
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successful in markets for technologies. We also note the importance of the lead inventor
experience pointing to the importance of quality signals in a market with a lot of
product uncertainty

Similar to the descriptive statistics, we see that patents that are devices are less
likely to be successful. This is unexpected given the importance of physicians who
would be AMC employees in new device developments (Chatterji et al., 2008). It could,
however be due to the fact that new devices do not always require AMC resources or
government funding to develop and the best ones may be patented outside of the AMC
technology commercialization process. Alternatively, the successful ones could be
developed in close collaboration with industry under sponsored research agreements and
may thus be excluded from our dataset.

The results are repeated in the next two models — the Poisson and negative
binomial- where the dependent variable is the number of times a patent has been
considered for licensing or licensed. Because from Table 1a we see that both dependent
variables “times looked” at and “times licensed” are over-dispersed with the standard
error slightly higher than the mean we conduct a likelihood ratio test which shows that
the negative binomial, rather than the Poisson, is the appropriate model.

We also run a zero-inflated version of these models because we have an excess
number of zeros in both variables (number of times looked and number of times
licensed). This model has two parts —a Poisson model and a logit model. The dependent
variable in the Poisson part of the model is the number of times a patent has been
looked at or licensed, conditional on being looked at or licensed, respectively. The
separate inflation model which is a simple logit explains the excess zeros. Even though
the zero inflated negative binomial model would be more appropriate, it doesn’t
converge and we report results from the zero inflated Poisson. A Vuong test shows that
the zero inflated model is more appropriate than the regular Poisson.

The results from the zero-inflated Poisson models are similar to the previous
three models. The result that stands out is that patent scope is negative and in some
models statistically significant, contradicting previous literature (Lerner, 1994,
Decheneaux, 2009; Gambardella et al. 2007).

The last three models are cox hazard models. Here the dependent variable is
time to first agreement. Positive results indicate that as the independent variable
increases, so does the hazard of an agreement. Note, however, that for ease of

interpretation beta coefficients are reported rather than hazard ratios. We report a
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regular cox hazard model in the first column, then stratified by lead inventor and then
by a shared frailty (the equivalent of a random effects model) where each group is
identified by a lead inventor and includes said lead inventor’s patents. Our results are
similar to those from the previous models but are not statistically significant in the same
manner.

The models in Table 4b are the same as the ones in Table 4a, except that the
dependent variables are related to licensing — i.e. licensed, times licensed, and time to
license. The direction and the significance of the results are practically the same as well,
except for the scope variable which is no longer negative and statistically significant.
Another difference is that the “patent cites per year” variable is now positive and
statistically significant in two of our models.

5.2  Patent-Agreement Level Models

Our patent-agreement level analyses are our main results. They test out
hypothesis that technological proximity between a focal patent and a potential licensee’s
patent portfolio is a determinant of whether a license will take place. All our models are
logistic regressions (legit) with a dependent variable — “deal” — that is equal to one if a
license was signed and zero if a deal was not done. Our full model is the last one in the
respective table and it includes all our control variables. We start with a legit of our
dependent variable with only the respective fit measures. We then try a bare-bones fit
and licensee variable model. For our remaining models we start again with the fit
measure and add patent citation based measures such as forward cites, backward cites
and scope. We then add patent variables constructed based on cites and IPC codes -
originality measure, generality measure. Technology type controls are added next — i.e.
A device indicator variable and mutually exclusive dummy variables based on IPC
classification by sections. Age variables are included next - technology age at time of
agreement and cohort dummies for each 5 year period since 1980 based on the patent
priority date. Finally, we add licensee variables -- the number of granted patents that the
licensee had filed before the time of the agreement and the square of the number of such
patents.

Our main models in Table 5a test our hypotheses above those firms are more
likely to license inventions that are similar but not too similar. We operationalize our
technology proximity measures using the cosine variables described above. This model
includes our entire sample with 588 patent—agreement level observations. We replace

the cosine measures with 0s in cases in which they are not defined because the
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agreement firm has no patents. In table 5b we exclude those observations with
undefined cosine measures and are left with 424 observations. As seen from the tables,
the sign and statistical significance of our results is unchanged.

We see in these models that a higher technological proximity between the firm
and the AMC patent, measured at the IPC code subclass level, is more likely to be
associated with a license i.e. a “deal.” Holding subclass level proximity constant,
however, a higher technological proximity measured at the main group level of the IPC
codes is less likely to result in a deal.

The next set of models in Table 6 includes only the first agreement that is signed
for a patent whether it is a “deal” or “no deal.” We are interested in these results
because we are concerned that whether the first agreement is a “deal” or “no deal” may
signal patent quality and may influence future licenses, especially non-exclusive
licenses of which there may be potentially many per patent. An exclusively licensed
invention, on the other hand, takes the patent off the market. Of the 200 patents that
have at least one agreement, 6 are excluded because of licensee issues (discussed in the
data section) and we are left with 194 patent-first agreement pairs. Our technology
proximity results from the previous models still hold in this sample and are statistically
significant indicating that the results are robust and are not driven by a few patents that
have been licensed multiple times since each patent appears only once in this dataset.

6 Conclusion

In this paper we addressed a gap in the literature on markets for technology by
taking a close look at the demand for technology. While this has been attempted in
previous papers, our unique dataset that includes not only firms that licensed
technologies but also showed interest in them but did not license provides an important
control group for our description of the structure of such markets. We showed that
proximity matters in the technologies firms decided to license. Our identification comes
from variation within a group that showed at least a threshold level of interest in the
technology by contacting the licensing office and signing a confidentiality agreement.
Future research may expand on this by identifying a larger population of potential
buyers in this market based on some other measure of interest — we currently do not
include informal channels through which information may have been obtained or
inquiries that did not result in signing of a confidentiality agreement.

We also contribute to the literature on measurement of technology proximity by

using a new patent statistic — the international patent class which with its nested
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structure allows for proximity measurement at the broad as well as granular level
between different (portfolios of) patents. We also improved on existing measures by
including multiple classes rather than just one, resulting in better results (Benner and
Weldfogel, 2008). Further comparison and validation of these new measures is in order.

Ultimately the real question is whether these technologies make it to the product
market once they are licensed and how the technology proximity, either at the broad or
the granular level influences that outcome. It would be interesting to know whether in-
licensed technologies that are very close to the licensee’s in-house developed
technology are strategically shelved or perhaps not absorbed by the firm due to
behavioral resistance to outside innovations, the so called ‘“not-invented-here”
syndrome. (Katz and Allen, 1982; Thursby and Thursby, 2004) We view this paper as a

first step in that direction.
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