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Abstract

This paper investigates how the size of a firm cffeits licensing strategy for patented
technologies through empirical analysis of the ab@ristics at the technological, firm, and indystr
levels. Only firms with commercialization capatids are considered in this study in order to campa
the incentives of utilizing technologies internallyjith the incentives of selling them for licensing
revenue. Focusing on licensing motivated by noategic purposes, empirical analysis shows thgelar
companies are less willing to license patentsfihatto their business focus, as well as thoseciwhiave
a low technological value in general. On the otieard, small firms are more inclined to licenseeptst
which are more relevant to their business focus|das innovative on average. This study alsosfitt
market share and competition intensity are imporfastors in their licensing decisions: the more
competitive and the smaller the market share ofptitents owned by large firms, the higher the chanc
that firms will list them on the market. In lingttvthe revenue versus competition framework byraro
and Fosfuri (2003), this paper concludes that |diiges are generally more concerned about the rent

dissipation effect over the revenue effect froretising, while the opposite is true for smaller firm
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Chapter 1

Introduction

Over the past few decades, the market for techgol@s grown consistently and is emerging as a
dominant platform for technology transfer. In 1983 worldwide royalties and license revenues for
technology were about 10 billion US dollars; by @0the figure had increased to 80 billion US dallar
(Athreye and Cantwell, 2007); Gindley and Teece9{}9point to the increasing use of technology
licensing as a source of revenue by companies asdBM, Hewlett-Packard, Texas Instruments, and
AT&T during the 1990s, and IBM was reported to hgeaerated almost 1 billion US dollars from patent
licensing in 1999 (Rivette and Kline, 2000). Givire size of licensing revenue, the market for
technology has caught the attention of academé&arebers and practitioners in the industry.

Companies with both research and development dijgsbonly commercialized innovations
developed internally in the past, as traditionaddeim suggested that companies are more profitedsie f
developing and commercializing innovations intelsnglTeece, 1988). When other companies were
looking for technologies to license and commerzglithe technology holders were largely insular and
suffered from the “not-invented-here” syndrome (@&ret al., 2001). However, the passage of the Bayh
Dole Act in 1980 encouraged American universitegxplore possible sources of revenue by selling or
licensing their patented innovations (Mowery et @D01). As a result, more useful and innovative
technologies became available on the market anganims started to look for others’ innovations. As
the demand for technologies increased, more corepamere willing to make their patents available on
the market, and patented innovations started tvdaged as tradable commodities (Arora et al., 003
Consequently, companies began to shift their ressuto technology transactions by establishing a

technology management and intellectual propertydifsion.
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While some companies aggressively licensed thdenps others were less active in selling or
acquiring technologies in the market. It is, there, important to examine the factors that affects’
licensing decisions and technology transactionsddtier understand the function of the technology
market. Several theoretical and empirical studiealyzed firms’ licensing decisions, but did not
explicitly emphasize the role of firm size. Thiaper aims to analyze the licensing decisions and
technology transfers with a particular emphasithenimpact of firm size.

The situation considered in this study is summarae follows. Consider a patent holder who is
capable of commercializing his patent but is alsatemplating licensing it. If he has not commdizial
it, licensing will not create competition in theoduct market and he can make positive licensingnmes.

On the other hand, if he has commercialized thenpaticensing will invite competition and reducs h
revenue in the product market (Arora et al., 200Epr a large firm with a significantly large matke
share, the loss in revenue from the increasing etitign may outweigh the positive licensing revenue
and the firm may therefore be reluctant to licetige patent. A small firm with a small market share
however, may be more active in licensing becausditiensing royalties are more likely to compensate
for the loss in revenue due to increasing in coitipet Thus, firms of different sizes may be very
different in making the licensing decisions. Sulgtisions are mainly driven by profit, which iseuft
related to the characteristics of the patent ité#slassignee, and the industry it belongs to.

The objective of this paper is to examine the diffees between large and small firms in their
willingness to license by incorporating the chagdstics of usefulness to its assignee, importaand,
innovativeness of a patent, market share of thenpailder, and the industry competition intensithis
objective is achieved by investigating these chtargtics of patented technologies both on andhaf
market which are provided by large and small bissinenterprise sectors (BES). Only BESs with

commercialization capabilities are considered bseathey can generate revenue from both the



technology and product markets. Other patent assigthat do not possess such capabilities, such as
universities, small research institutions and gorent research agencies, are excluded from thify.stu
The study focuses on the supply side of the marktechnology, and restricts to licensing actesti
motivated by non-strategic factors.

The licensing decision of a patent holder is aredyzsing the revenue versus competition
framework developed Arora and Fosfuri (2003). kmlKim and Vonortas (2006) and Fosfuri (2006),
this study focuses on the willingness of patentléd to license instead of the actual licensiniyities
themselves. Gambardella et al. (2007) investigataent holders’ willingness to license patentd tha
were granted by the Europe Patent Office (EPO) revtiés paper analyzes patents granted by the dJnite
States Patent and Trademark Office (USPTO). SimtdaPalomeras (2007), this paper looks at the
determinants of technology licensing as motivatgchbn-strategic reasons, or pure-revenue licensing.
However, this paper also considers firm size, ideticharacteristics at the firm and industry lesal
refines the empirical analysis with a broader dstas

This study is structured in the following way. @ber two reviews and discusses the literature on
licensing and the technology markets. Chaptertdescribes the theoretical background and coitstruc
several testable hypotheses. After demonstratiegdiata collection process and empirical model in
chapter four, chapter five presents and explaiagébults and implications of this study. The dasion

follows in chapter six.



Chapter 2

Literature Review

2.1 Use of Patents

A patent is the state-granted exclusive right giavents anyone other than its owner from explgithre
technology for a limited period, and a technologgense is an agreement whereby an owner of a
technological intellectual property allows anothparty to use, modify, and/or resell that propenty i
exchange for a compensation, which is called licengees or royalties. Giuri et al. (2007) lisk sises

of a patented technology by the patent holderuitioly internal use, licensing, cross-licensinggniging
and use, blocking competitors, and sleeping pateBtsed on a survey questionnaire distributedhdn t
U.S. manufacturing sectors, Cohen et al. (2000hdotinat there are a number of motives for obtaining
patents: commercialization, licensing, the prexantif copying, preventing rivals from patenting #am
and related inventions, leverage for negotiatiom, the prevention of suits. In the big picturessth uses
can be divided into two main groups: strategic used non-strategic uses. This generalization is
supported by Ford and Ryan (1981), who suggest fthigtintegrated companies license for either
strategic or financial reasons.

In terms of strategic purposes, patents are reat dsectly to obtain financial returns, but torigi
financial gains in the long run. Cohen et al. @0discovered that preventing others from patensing
commercializing, or blocking, is one of the maintives for U.S. manufacturing firms to patent. Amat
strategic usage of patents is trolling, an actiomhich one purchases patents solely for the pegpo$
aggressively extracting a licensing fee (BarkerQ3)0 Patent licensing can also be motivated by
strategic considerations. Shapiro (2001) demaestrthat some patents are used for cross-licensing,

especially in industries suffering from patent keits, a dense web of overlapping intellectual priype

4



rights that a company must hack its way throughrder to actually commercialize new technologyhsuc
as semiconductors, biotechnology, computer softwanel the Internet. Shapiro and Varian (1998)
suggest that establishing an innovation as thedatdnfor the industry is also an incentive for #&epa
holder to license. Fulton and Yiannaka (2007) shbat it is beneficial for the patent holder to
strategically license a new product innovatiortsacompetitors if it is unable to deter entry.

On the other hand, patents can also be appliednor-strategic incentives, mostly to
commercialize the technology internally within anfi Balasubramanian and Sivadasan (2008) found
that the number of products produced by a firmdéases when the firm patents. Another major non-
strategic use of a patent is to license it to oftrars only for royalties. Giuri et al. (2007) fod that
about 6.2% of the European Union (EU) patents &iligad in this way. Finally, a patent can be left
unused, in which case is called a sleeping patd@ihiese patents are usually considered unprofitéble
they are commercialized and are, at the same timadfractive for potential licensees. Palomer@9382
explores the technological characteristics of aplgy patent and asserts that some remain unused
because they do not fit into their holder's corenpetency, though they may be valuable in other
industries. This paper focuses on the non-stratagpge of patents, in particular those for intensas

and externally used for licensing purposes.

2.2 Technology Market, Technology Licensing, and Li  censing Determinants

The abovementioned licensing activities show thaibne hand there are companies willing to license
their own patents, while on the other hand theeeadso companies that want to license patents from
others. As a result, markets for different tecbgas, or patents, are formed. Arora et al. (2@0adyide

a concise definition of the markets for technolothey are markets for intellectual property that is

licensed and its close substitutes—that is, thbnelogies or goods that are close enough substitute
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significantly to constrain the exercise of marketvpr with respect to the intellectual property tisat
licensed.

Recent growth in the technology market has prompésgarch on the licensing behaviour of
firms. Assuming that the patent holder is the gelehnology holder, Rockett (1990) suggests that
choosing its competitor is an important motivatlmehind the licensor’s behaviour, because the lmens
will have to face competition after his patent bapired, which has a direct impact on his profilgsora
et al. (2001) relax the assumption of having a rpotistic technology holder and study how the reenu
effect and rent dissipation effect influence theetising decision of a patent holder. Arora andufbs
(2003) constructed a theoretical model showing ttmhpetition in the product market provides an
incentive for a patent holder to license in théntedogy market, given that there are multiple textbgy
holders. Then, based on this model and using teeftdm an empirical study of large firms in the
chemical industry, Fosfuri (2006) shows that theeleof market competition and the size of a firm's
market share affect its licensing incentive anduacticensing activities. Palomeras (2007) also
conducted an empirical study which assumed thathallpatents listed in that marketplace are placed
there for non-strategic, or pure-revenue, purpos#&gith patents from the chemical and biological
industries, he examined a firm’s willingness tcetise its patents for pure-revenue purposes andl foun
that the importance, innovativeness, and scope mdtant, as well as how it fits into the firm’'s eor
competency are key technology determinants thatffis willingness.

Without using the competition model, Giuri et &00Q7) use PatVal, a large and comprehensive
survey of inventors in six European countries amekdng patents across all industries, to show ttat
share of patents only used for licensing of smathd are larger than that of large firms. Kim and
Vonortas (2006) also performed an empirical studyhe determinants of technology licensing acrdiss a

industries. They show that the stock of technaalgknowledge held by the licensor, the company’s



prior exposure to licensing, the growth rate ofpitenary sector, the strength of IPR protectior &éme
nature of the technology are all important deteemia of whether or not the patent will actually be
licensed. Additionally, they discovered that snfiaths with lesser technological and product corripje
tend to license their technology through excludigensing contracts, while large firms which usyall
have higher complexity in their technology and preidtend to license their technology through non-
exclusive licensing contracts.

Research has also been conducted on the licesisatggies of firms that lack commercialization
capabilities. Teece (1986) claims that innovatinas without commercialization capabilities magdiit
difficult to survive, even if they are one of tleatlers in their field, unless there is a stronga@pmbility
regime and contractual modes such as licensingeagmets are used. While studying new-technology
based firms (NTBF) in the biopharmaceutical indyskollmer and Dowling (2003) found that those
NTBFs are often lacking commercialization capailitThey found differences in the use of licensing
strategies between NTBFs that are both fully anmtiglly integrated. Davis (2005) also investigatkd
licensing strategies used by firms without comnaization capabilities. Essentially, the businesxiel
of such firms requires them to develop intellectpabperties and then generate revenue solely by

licensing them.

2.3 Firm Size and Innovation

There is a vast literature about the relationsldfwben innovativeness and the size of a firm. @
Audretsch (1988) and Rogers (2004) show that diffees in innovativeness between small and large
firms are due to different behaviours towards iraimn. Using outputs per unit of (formal) R & Dpiut,
Acs and Audretsch (1990), Kleinknecht et al. (19@3)d Rothwell and Dodgson (1994) have all shown

that small firms are more innovative and more &ffic when it comes to innovation. On the otherchan
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Cohen and Klepper (1996) and Tether (1998) chaflehg validity of the assumption made by previous
researches: the economic value of innovations iglated to the size of the firm. Tether (1998), in
particular, has come to the conclusion that thenectc value of innovations is positively correlated
the size of a firm, and hence large firms are nmonevative than small ones. Veugelers and Cassiman
(1999) suggest that there is a positive but nogalirrelationship between innovativeness and firassi
Rogers (2004) also found that the size of firmsmassured by the number of employees, is positively
correlated to the innovativeness of manufacturingns. These correlations do; however, vary from
industry to industry. Lee (2005) shows that thisreo relationship between patenting productivitg a
firm size in the pharmaceutical industry but thagre is a positive correlation in the semi-conducto
industry.

However, the above results regarding the relatipnbletween firm size and innovation have
focused only on the production market, while igngrthe technology market and the characteristics of
the innovations and the firm in question. The @&ilydy to consider this issue in the technologykeiais
Gambardella et al. (2007), which looked at the mieitgants of a patent that changed a firm’s williags
to license, and whether or not the patent is dgtligling licensed. They determined that patenadhite
value, scope, and firm size all affect a firm's limginess to license, but only firm size signifidgint
influences the actual licensing activity of a patence the decision to license has been made.oudthn
there are increasing patent transfers and licenartyities between firms, very few studies have

discussed this topic.



Chapter 3
Theoretical Background and Hypotheses

3.1 Theoretical Background

Palomeras (2007) claims that the technologicalreatdi a patent affects its technological opportynit
costs of transfer, and the creation of competitatsch, in turn, have an impact on the potentiaifipr
and so the licensing decision is influenced. Mddlaythe size of the patent holding firm also glay
key role in the licensing decision, because firindifferent sizes are different in many ways. Tioden
have different approaches to the use of their patdrave significantly uneven distribution in their
resources such as complementary assets, and haparate market strategies in obtaining and
maintaining market share.

The licensing decision is driven by the total effetlicensing, or the change in profits a firm
made from licensing. Such profits consist of thobtained from the product market and those froen th
technology market. In the former case, where titerd is developed and commercialized interndflg, t
profit depends on a number of factors, such agetienological opportunities created by the pattma,
availability of complementary assets, and the cditipe environment in the product market. In the
latter case, where the patent is licensed, thétglehends on royalties and transaction costs.

The total effect of licensing a patent is the po&tnprofit gained through licensing by its
assignee, which is the sum of the revenue effedtrant dissipation effect (Arora and Fosfuri, 2003)
The revenue effect refers to the economic impacthe technology market which the patent holder
experiences as a result of licensing, and its nhagaiis affected by two components: the technoldgic
opportunity of the patent for its assignee (Sh&081) and the transaction costs (Williamson, 199).

contrast, the rent dissipation effect describesttomic impact in the product market in the fafa



loss of profit from the product market due to aoréase in product competition caused by licensing
(Arora and Fosfuri, 2003). A firm generally coreigl the magnitude of each effect and makes their
licensing decisions based on the total estimatittef Key determinants in a firm’s licensing démis
therefore include the technological opportunityitefpatent, the transaction costs, and the creatidts
own competition.

The technological opportunity of a patent is theardde for a firm to gain a profit by
commercializing it, where the firm in question daneither the patent holder or a potential licenskwe
magnitude of the opportunity is positively relatiedthe size of the product market, which affects th
revenue that the potential licensees can extrant fhe licensed technology (Fosfuri, 2006), antlim
plays a big part in the negotiation of the licegdiees. Before a patent holder makes a licenshaegsithn,
it first must check whether the patent has alrdaelyn internally developed and commercialized.hdf t
patent is commercialized, the assignee is makingnge from the product market. Should another firm
be also attracted by the technological opportunitieeated by the patent and decides to licengbeit,
assignee will potentially make a profit from thehaology market at the expense of the loss in nesém
the product market. However, if the patent assghecides that it is not justified to commercialibe
patent, the firm will not be able to generate argfipfrom it except by licensing or selling it. h€refore,
the technological opportunity of a patent has aalirmpact on the revenue and rent dissipatiorcetfe
its holding firm, regardless of whether it is comoialized or not.

Transaction costs are the expenses a firm incunisigl the licensing process, and include the
coordination costs (Arora et al., 2001) and theivatibn costs. Coordination costs are the expefses
coordinating the licensor and licensee, and cagbisf search costs (Palomeras, 2007), as searfdring
suitable licensees can take a long time and adogh(Contractor, 1981); and administration cosths

as contract writing (Arora and Fosfuri, 2003). Mation costs, on the other hand, are the potential
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economic losses incurred by the patent holder duthe opportunistic behaviour of a potential patent
licensee. Such costs are a result of informateymanetries, the technological distance between the
domains of licensor and licensee and the tacitoEd®e patent (Arora et al., 2001). Garicano aaglEn
(2001) show that transaction costs can be redutdlei setting of internet business-to-business |B2B
market, as searching costs in this domain areatrivand motivation costs are lowered by the
minimization of information asymmetries. Arora aRdsfuri (2003) found that lower transaction costs
are required for licensing patents with strongetgartion.

The creation of a firm’s own competition referstie increase of its competition in the product
market due to additional competition in the sameketa Assuming that a patent creates a technalbgic
opportunity, its assignee is likely to commercialthe patent and potentially makes a profit inpasluct
market. By licensing its patent, the patent agstgoreates competition in the product market. As a
result, the profits it makes in the product mankety decrease—a result known as the rent dissipation
effect.

The magnitude of the three main features descritmde are influenced by the nature of the
technology (Fosfuri, 2006; Kim and Vonortas, 20B&jomeras, 2007), the nature of the firm (Vonortas,
2003), and the nature of the industry (Veugeles @assiman, 1999; Shane, 2001;Gambardella, 2007).
A number of characteristics at the technology, fiamd industry level are used to capture theseemtu
Therefore, these characteristics remained as impofactors for a patent holder when making licegsi
decisions, and will be discussed in depth in the section.

The size of the patent holding firm; however, haspreviously been considered as a key factor
in the literature on licensing decisions. In fdains of different sizes vary in their licensinglizies.
Using the empirical result of EU patents, Giuriakt(2007) found that 10% of patents owned by large

firms are licensed and 40% are unused. The camelipg percentages for small firms; however, are
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26% and 18%. Gambardella et al. (2007) also st d patent is more likely to be licensed if it is
owned by smaller firms. These results clearly destrate that large firms are less active in the
technology market than small firms. Large firmgeof have greater resources than their smaller
counterparts, including better complementary asmedislarger marketing and advertising budgets.hWit
these resources, they are able to manufacture phheducts at a lower cost and market them more
aggressively. As a result, it is more likely thaige firms will enjoy larger share of the produtarket.

In this case, the decision to license the origimtppatent of the products will create competitinrthie
product market, and may lead to the rent dissipatifect outweighing the revenue effect. Therefore
large firms may be less willing to license the p#ehat they have commercialized. Small firmsthan
other hand, maybe at a financial advantage aftensiing their patents, because the revenue effect i
bigger than the rent dissipation effect when thedrket share is small. The impact of firm sizeesach
characteristic, the licensing determinants, angequently the licensing decisions are explainetkiail

in the following section.

3.2 Characteristics at the Technology, Firm, and In  dustry Level and Hypotheses

The nature of a patent, its holder, and the mathetlongs to can affect its technological oppoityrits
transaction costs, and the creation of competitiorits holding firm, which consequenthas an impact
on the potential profit from licensing. In theeliaiture, a number of characteristics are used fituea
these natures. For example, the characteristiaspatent include usefulness, technological vadoepe,
and innovativeness; the market share, the complemeassets, and the experience in writing licemsin
contracts were used to represent the nature dfrtheand competition intensity was used to captie
nature of the market and the industry. In theofsihg, the impact of some of these characteristilhe

discussed, along with the hypotheses.
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3.2.1 Usefulness

The usefulness measures how useful or importartenpis to its assignee. Naturally, the more ulsef
that a patent is to its assignee, the more likelis ito be further developed internally, such as by
commercializing it and developing other innovatidwased on it. Firms are more likely to commerzali
innovations with which they have some expertise,edher the technological, manufactural, or
commercializational level. The reason for thighiat they are more efficient in commercializingtlaey
have more knowledgeable researchers, better coreptany assets, and competitive advantages in
manufacturing (Gambardella et al. 2007). Such eigeeis referred to as thepre competencyf the
firm. Therefore, the more closely related thatiramovation is to the core competency of the firhe t
more useful it is to them. However, only core cetepcy at the technological level will be considere
here.

As a patent is commercialized by its assignee,itpvafl potentially be made in the product
market. When the assignee firm licenses the pdtemtnother company that competes in the same
product market, it is creating its own competitiolhere is great potential in this situation foe tfent
dissipation effect to impact the assignee. Theeefiirms must decide whether licensing their petés
justified; essentially, they must determine—whetbenot the rent dissipation effect will outweidiet
revenue effect of licensing. Palomeras (2007)daihat unexploited technologies are the mostylikel
candidates to be made available for pure-reveruending, because the patent assignees do not face
competition in the product market from the licersseklowever, this is the point where firms of diéfet

sizes differ when making their licensing decisions.
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Hypothesis 1. Large firms are less willing to license patents that are useful to them comparing to
those that are not useful to them, whereas small firms are more willing to license patent that are

useful to them.

The first hypothesis can be analyzed in two cabes:in which the patent creates technological
opportunities, or that in which it does not. Inethatter case, its assignee will not attempt to
commercialize it, and hence the assignee will nekerany profit from it in the product market. Thén
some other company license and commercialize étréimt dissipation effect will be zero. As a tgsu
the total effect is always non-negative, and sdimatis will be willing to put the patent on the rkat,
regardless of their size.

On the other hand, when the patent creates temfyival opportunities, it is likely that its
assignee will commercialize it and thus gain préftm it in the product market. Since it creates
technological opportunities, other companies mag ft attractive and possibly attempt to licenselit
the assignee is a large firm, in an industry incluitthe firm enjoys core competency, it is moreljikbat
the firm has a large market share in the producketa As a result, the patent assignee creatasnits
competition with a significant rent dissipation eff, which is comparable to the revenue effect of
licensing, and potentially has a negative effectrenoverall profit. Also, Teece (1986) argued thens
with complementary assets have a lower propengificense, and large firms are likely to own those
assets for innovation (Gambardella et al., 200Herefore, large firms are less willing to licerspatent
that creates technological opportunities. In @mstirthe rent dissipation effect is not as sigaifidf the
patent assignee is a small firm, because a smallif often restricted by scarce resources, anéess

effective in manufacturing, marketing, and advértjs Hence it is more likely that a small firm dwn
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a smaller market share in the product market. &fbeg, even if the patent itself is useful, a sriiath

will still be willing to list it on the market.

3.2.2 Technological Value

The technological valuef a patent refers to its technological significarnn its respective field. Shane
(2001) refers this characteristic to the importaotthe patent, and it is often connected to tr@nemic
value of the patent, as Harhoff et al. (1999) amadl et al. (2005) show that these variables ardtipely
correlated. Therefore, the higher the technoldgialie of a patent, the more technological opputies

it creates for its assignee, in both the productketaand the technology market, as it also attracts
potential licensees. Using different proxies foe technological value of a patent, Gamberdellal.et
(2007) have shown that the economic value of anpdge positively correlated the patent assignee’s

willing to license patents and the actual licensiotyvities.

3.2.3 Scope

The scopeof a patent is the breadth across which the prtothet it embodies will be protected.
Klemperer (1990) defines scope as the horizontadlyst space protected by the patent. Gilbert and
Shapiro (1990) suggest that a broader patent atlogvganovator to earn a high flow rate of profitging

the lifetime of the patent. Lerner (1994) demaatss that the patent scope of a firm's patentsahas
positive effect on the value of the firm. Therefoscope can be determined from two perspectives:
technological, and economical. Patents with aelasgope tend to be better protected. As Mergds an
Nelson (1990) state, the broader the scope, tigerddhe number of competing products and processes

that will infringe on the patent. Arora and Fo$f(2003) and Anand and Khanna (2000) found that
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patents with stronger protection would incur lowrnsaction costs, and patents with lower transacti
costs are more likely to be licensed. Also, thhgdathe scope of a patent, the more applicatibhasg,

the more technological opportunities can be fowrdtfin different industries, the higher the numibé
products that can be embodied by it, and therefibie,lower the chance that its assignee will create
competition when licensing it. As a result, pasentth a larger scope are more attractive to therpial
licensees, and the patent holder has a highengiiliss to license (Gambardella et al., 2007; Palsne

2007).

3.2.4 Innovativeness

The innovativenesf a patent refers to the degree to which it buibts previous innovations. An
innovative innovation can be largely improved intte of technology or costs compared to the original
product, and hence capable of replacing the lattdre market.

Commercializing such an innovation often requires/ rcomplementary assets and a change in
the organizational environment (Tushman and Anderst986). When large firms are market
incumbents, they have less incentive to make rhdigarovements to their current products, and hence
are less productive to exploit very innovative imations (Henderson, 1993). For instance, consader
large company that owns a highly innovative patemich can be developed into a new product that is a
direct substitution of one of the firm’s currenbgucts. If it chooses not to commercialize thespiatd
innovation, to avoid the new product forces thaimbent out of the market, it will not license tretent
to other companies. These patents will insteadugnteing used strategically to block rivals (Haid
Ziedonis, 2001). On the other hand, if the compdogs commercialize the patent, then licensing the
patent will create competition of its own, whichusas profit dissipation and leads to potential eleses

in profit. For these reasons, large firms are \@ding to license highly innovative patents. Mwehile,
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the willingness of small firms to license highlynovative patents is ambiguous since they are more
flexible in making radical changes, which givesnthe competitive advantage in the product market, an
makes them reluctant to license. However, they alsy benefit more by licensing innovative patehts
they do not have a large market share. Lookirfigras of different sizes, Palomeras (2007) shoves th
the market incumbent has an incentive to licensenps that are more innovative, because high
coordination costs can be alleviated in a markat i not a typical distant market. To summartbe,

following hypothesis will be tested:

Hypothesis 2: The patents listed on the market by large firms are less innovative than those which

they do not list.

3.2.5 Market Share

The termmarket sharerefers to the portion that the patent assigneeirthtes of the product market
which a particular patent has been commercializitds assumed here in order for this to make sense
that the patent has been commercialized by thenpatader and that the commercialized product is
available in the product market. Fosfuri (2006)ws that, in an empirical study that omits smah§,
that the larger the licensor's share in the prodoatket, the smaller its rate of technology licagsi In
other words, market share is negatively correl&tetie patent holder’s actual licensing activities.

Also, it is worthwhile to note that market sharehe product market of a firm is a crucial factor
in determining the magnitude of the rent dissipatédfect, and hence the total effect, which in turn
influences the licensing decision. When a firm lmasmall market share, rent dissipation will be
insignificant, and the total effect is likely to pesitive. Then, the firm will have an incentivelimense

its patent, and then to list the patent on the etarlOn the other hand, if the market share isclatige
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rent dissipation effect may be large enough to eigiv the revenue effect. The firm will then be
reluctant to place its patent on the market.

As discussed before, large incumbents are morky likehave a large market share, as they have
more resources compared to their small counterpassa result, large firms are less willing toelse
their patent in order to protect their market shaftae magnitude of the rent dissipation effect rel
propensity to license; however, is ambiguous foalsfirms. They may be reluctant to license ifythe
have a large share in the market for the same mestarge firms, but meanwhile they may not haee t
resources to defend their market share in the tangwhich force them to license and transfer thace
of revenue from the product market to the technplogrket. The above arguments lead to the follgwin

hypothesis:

Hypothesis 3: The larger the share that a firm has of the market in a technological class, the less

likely the firm isto license patents belonging to that technological class.

3.2.6 Competition

Competitionrefers to the competition intensity of the prodowrket of the product that embodies the
originating patent, and the same assumption asnimet share characteristic is made. Consider an
extreme case, in which a firm faces no competitiothe technology market, and hence none in the
product market. Then, as a monopoly, it has neritice to license its patent. However, when the
number of technology holders increases, its williegs to license may also increase. Using an erapiri
study, Fosfuri (2006) demonstrates that there isnaarted U-shaped relationship between the rate of
actual technology licensing and the number of g@ktechnology suppliers. In other words, staytin

with a situation in which there are no competit@atent holder’'s actual licensing activities @ase
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while the number of technology holders also incesas However, when the number of technology
holders reaches a certain value, the rate of téabpdicensing decreases as the number of techpolog
holders increases, due to a bounded number of fEdtéoensees and the increase in competitiorhé t
technology market. Assuming that there are mauatiglchnology holders, Arora and Fosfuri (2003)
developed the revenue versus competition modelstats a patent holder would have an incentive to
license even if the rent dissipation effect outwsighe revenue effect, due to the competition & th
product market. Using empirical data from Euro@@mbardella et al. (2007) show that there is a
positive correlation between the number of techgwlproducers and both the firm’s willingness to
license and actual licensing activity.

Comparing firms of different sizes, the willingness license for large firms is higher as
competition gets more intense, and is ambiguoussfoall firms. As a market becomes more
competitive, there is a higher chance that othenrtelogy holders will license their technology temn
entrants. In the former case, since the origigakémge firm cannot deter entry, it would simply to
license its technology like the other technologydbes in order to gain royalties. As a result,irthe
propensity to license increases with the intensfitgompetition. On the other hand, small firms may
attempt to block entry even if the competition @& imtense as they find it difficult to defend theiarket
share in the long run. So, instead of making piofthe product market, they do not hesitate ashna
create competition and make profit in the technplogarket regardless of the competition intensity.
Therefore, impact of competition factor on williregs to license for small firms is ambiguous. Also
Fosfuri (2006) claims that small firms face a l@#ensive trade-off between revenue effect and rent
dissipation effect, but he does not actually shawdence to support his assertion. His claim wdl b

tested in this paper along with the following hypegis:
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Hypothesis 4: The moreintense the competition in the product market, the higher the willingness of

alargefirmtolicenseits patents.
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Chapter 4
Data and the Empirical Model

In order to show evidence in support of the hypséise an observational study, a method for drawing
inferences about the effect of a treatment on stf)jés conducted. In this study, the treatmenhés
availability of patents on the market, and the ltesithe impact of this treatment on the subjechot
deliberately controlled by the experimenter as iooatrolled experiment. Instead, the variables are
collected in such a way that those of the treatedigand of the controlled group are collectedsoAl
there are two reasons why patented technologiesisse as a measure of technologies in the market:
their representability as the technologies tradethe market and data availability.

For data collection, patents that are both on theket and not on the market were first collected.
Second, these two groups were further broken dowenfour groups by separating the size of the paten
assignees. Third, the characteristics of the paiarthese four groups were gathered. By perfiognai
statistical analysis of the characteristics ofrtiaket group and the control group of both smadl lange
companies, and comparing the result between theeican discover the impact of assignees’ size ®n th
variation in characteristics. As a result, thdedénces in licensing decisions can be determinEade

steps in data collection and the detail of the eicgdimodel will be explained below.

4.1 Data Collection

As mentioned above, the characteristics of patdatsare on the market and those that are not®n th
market must be collected from both small and Ildiges. This can be done through the following step
First, patents made available by their assignegah@market are gathered. Second, in order toyshel
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licensing decisions of small and large firms, tisedf patents in each group must be subdivideal tiwb
market groups according to the size of their agggn Third, the control groups of these two market
groups are obtained by matching the name of thigreess the application year, and the technological
class, which is represented by the InternationsRaClassification (IPC) code. As a result, fguoups

of patents are formed: the market group for smald, the market group for large firms, the control
group for small firms, and the control group forgka firms. The fourth step involves adjusting thgo

of market group to control group of large firmstkat it is similar to that of small firms by seliext
random samples from the large firms control grotipe fifth and final step is performed, after tregmt

list for each group is obtained; patent data far ittdependent variables of the model are collefiied
statistical analysis. The following paragraphslaixpthe details of each step in the data collectio
process.

Recall that the first step in data collectionascbllect patents for the market group. Note that
there are many marketplaces and it is not feasibleollect patents from all of them. Therefore, an
internet marketplace is selected as representativéollowing Palomeras (2007), Yet2.com
(www.yet2.con), arguably one of the largest and most compretiersternet technology marketplaces,
was chosen. It is assumed that this marketplgmesents the whole patent market. In other wofds,
patent is not listed in the marketplace mentiorigale, it is assumed that the patent is not listedny
other marketplace. Palomeras (2007) also asbteatténternet marketplaces attract licensing aatisifor
non-strategic, or pure-revenue, purposes, so hemessthat all patents in Yet2.com are listed fahsu
purposes. This paper adopts the same assumption.

Next, the whole list of patents obtained from tharketplace must be trimmed in order to satisfy
the three requirements of the focus of the reseaath patent must have only one assignee, thgnassi

itself must be a BES, and the BES itself must lgabke of generating revenue from the product market
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The first requirement removes some confusion in imgakicensing decisions created by multiple
assignees. The second requirement ensures thpatihie assignees in the market group match thesfoc
of the research. The type of assignees can balfasimg online company databases such as Mergent
Online and Hoovers. The third requirement enstirasthe patent assignees have not been forcést to |
them due to their inability to generate revenueubh the product market. The ability of a comptmy
generate revenue through the product market isrdigted by whether or not it sells its own prodwatd

this can be checked at the official website ofdbmpany.

In the second step, the resulting list of patentsiither divided into two groups according to the
assignee size. The definition of a large firm e ghat has over 500 employees (Acz and Audretsch,
1988), while anything below that is considered ¢oalbsmall firm, or, more officially Small and Mediu
Enterprises (SMESs). Here, the two groups of patenthe market group are collected: the one fgela
firms has 917 patents, and the one for small finas 30 patents.

In step three, patents from the control group rbestollected. With those two market groups of
patents, the corresponding control groups can bedfdy matching the name of assignees, the filing
years of the patents, and the IPC codes. Theas @ssumption in matching of the names of assignees
subsidiaries can make their own decisions. Fomgka, even though it is a subsidiary of the Textron
Inc., Bell Helicopter is assumed to be authorizedniake its own licensing decisions independently.
Therefore, a patent assigned to Textron Inc. will Ime in the control group of patents owned by Bell
Helicopter. Also, matching IPC codes involves ooty the first code, but the whole list. For exden@
patent in the market group has a few distinct IB@es. Then, any patents with an IPC code thathreatc
anyone of the patent’'s IPC codes are considereattaopthe control group, given that the name &f th
assignee and the filing year also match. Ladtlg,harket group includes small firms with patehtst t

were filed between 1991 and 2006. As a resultpttents in the control group of small firms haeei
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filed during that same period frame as well. Theepts in the market group of large firms were iplpl
from 1983 to 2004, so the patents in the correspgncbntrol group have to be applied between 1983
and 2004. After matching those variables, one atsds to check that not all the patents owned by a
company are listed on the market. Otherwise, it @ impossible to find a control group for those
patents and there will be nothing with which to game them.

Here, the resulting list of patents in the congabup is very long for large firms, and is very
short for small firms. However, for purposes ofmmarison, the ratio of the market group size tarobn
group size of both small and large firms shouldsiveilar. Therefore, the fourth step is to formenn
control group of large firms by selecting a randeemple from the original control group of largenfs.

To be specific, 2712 patents were chosen from 81E8nts in the population. The patent lists ef th
market group and control group for small firms &urge firms were then obtained.

Finally, in the fifth step, the patent data foe ihdependent variables and covariates of the model
for all groups have to be collected. Since thdiegiion years of some of the patents are afte®]18&
NBER patent data, which covers only up to 1999noabe used. As a result, the retrieval of themiat
data from the USPTO website was done by a script.

Additionally, it was found that the number of fomdecitations for patents granted for less than
ten years is much less than those granted for thareten years. The reason for this is that ndynaal
patent receives most of its citations in the fiest to fifteen years after its application; theor, & patent
applied within the last ten years, it would not éagceived all of its citations. The problem iezhthe
patent citation truncation. To solve the problghre number of forward citations and self-forward
citations for all patents in the data set are fansed using the “fixed-effects” approach develojgd
Hall et al. (2001). The key function of this appeb is to have one able to compare forward citatimn

patents applied in different year directly. It @ses that although the actual average number wofafor
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citations of all patents applied in any year may @ the same as that in another year, the differén
not caused by “real” technological impact, but eatby “artifacts” of changes in patent examination
practices, such as changes in patent examinatiicypds a result, the real average number of o
citations of all patents applied in any year is sane across all years. For example, if one wants
compare ten forward citations of a patent applied994 to ten forward citations of a patent applied
2004 using the “fixed-effects” approach, he woutdnpare the values of ten divided by the average
number of forward citations of all patents applied 984 to that applied in 1994. With this appitoabe
weight of a forward citation of patents appliedlifferent years may be different, but the averagevérd
citations of patents filed in each year are assummeadeight the same across all years. Such cdicota
use the average number of forward citations perpan each year, as shown in Table 1.

Lastly, it is worthwhile to mention that the datallection of patents from Yet2.com was
performed during early 2008, and the retrieval afept data from the USPTO website started in mid-

2008, and ended in late 2008.

4.2 Empirical Model

A regression analysis is performed to test sevgpbtheses described in the previous section.rdero

to discover the correlation between a firm’s wiivess to license a patent and the characteridtite o
originating patent, its assignee and the industbeiongs to, a binary variable known as “Marksat'the
dependent variable of the regression model. Maskensidered equal to one if the patent is made
available on the market, and equals zero if natceSthe dependent variable is binary, the probidehis

adopted for empirical tests.
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Average

Year citations
1983 11.42892284
1984 11.77170877

1985 12.05813175
1986 12.48215684

1987 12.4283635
1988 12.37814569
1989 12.38897181
1990 12.50577745

1991 12.57038495
1992 12.64659339

1993 12.4510522
1994 12.20454564
1995 11.32832896
1996 10.80642896

1997 9.519262153
1998 7.833539295
1999 6.106434182
2000 4.171506135
2001 2.681135408
2002 1.625145718
2003 0.890100333
2004 0.445716994
2005 0.215177267
2006 0.08606414
Table 1. Average number of forward citations per patentgach year

Several requirements must be satisfied in ordertHer results of the probit regression to be
correctly interpreted, including the lack of undaotuence of individual observations on the fitteddel,
the absence of multicollinearity, and the stat@tindependence of the observations. When running
regression for a similar problem, Palomeras (2085 a probit random effects model because his data
did not satisfy the last requirement. This studgauthe tests in the statistical package Statatifyv

whether the requirements are met, and to fix thdy are not. To detect the influential observatjo
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Cook's D is used. The value of Cook’s D for aneation is always non-negative; and the highés, it
the more influential the observation is. The rofethumb when using this technique is that if an
observation has a Cook’s D value greater than 4¥heren is the total number of observations in the
sample - it may merit further investigation. Netkte variance inflation factor (VIF) and tolerantiee
inverse of VIF) are used to check for multicollinea The rule of thumb here is that, if a variallas a
VIF value above 10, or a tolerance value lower tBal it requires further investigation. Lastliet
observations may not be independent between firfts. example, the patents owned by a certain firm
may, on average, have a higher number of forwaati@ns than those owned by other firms. In this
case, therefore, the cluster option is appliechab the data satisfies the requirement for indepecel of
observation.

Notice, also, that a number of independent vargble log transformed to reduce their skewness
and are added one before transformation to avottienaatical error. These variables include the rermb
of forward citations, backward citations, self-famd citataions, self-backward citations, claimsg an

inventors.

4.2.1 Independent Variables

In order to predict the dependent variable, vaeshhat capture the characteristics at the techiualp

firm, and industry level and covariates are used.

Usefulness: There are two proxies representing such charatitsrighe technological core and the
number of self-forward citationsAs mentioned above, each firm has its core compien Focusing on

the technological perspective of the core compétenthe closer the patent is to the firm's cdne, more
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likely it is to be commercialized by the firm, ahdnce the more useful it is to the firm, ceterigipes.
Therefore, the technological core can be emplogeghather proxy for usefulness. It is a binaryalae,
which equals one if its technological class is eeadf its assignee, and equals zero otherwises i§ta
measure that was first used by Song et al. (2G08),then revised by Palomeras (2007). According to
the latter, a technological class is identifiechaore of a firm if it has more than 5% patent shafrthe
patents granted to the firm within a certain peridthe period of the application year of the patdot
the proxy here is the same as the application gédhe patents both in the market group and in the
control group. Also note that the technologicalssl of a patent is identified using the US techgiokd

class system.

A self-forward citation of a patent is a forwartktion that is assigned to the same assignee as the
originating patent. When a patent is cited by patérom the same firm, it must be valuable toftima
in terms of its technological aspect, as the firas Hurther internally developed it and based other
innovations on it. Hall et al. (2005) show that thumber of patent self-citations in a firm hasaitive
effect on the market value of the firm's intangibteck of knowledge. Therefore, the higher the lneim

of self-forward citations that a patent receivés, more useful that patent is to the firm.

Technological Value: This characteristic is represented by the proxthefnumber of forward citations,
which is a simple count of the number of patent tlave cited the originating patent. The higther t
number of forward citations that a patent has,higher its technological value. This is, in famhe of
the most common and widely used proxies for evalggbatents in the literature. Trajtenberg (1990),
Harhoff et al. (1999), and Hall et al. (2005) shdvat the number of forward citations is positively

correlated to the estimated economic and technmbgalue of the patented innovation. Hirschey and
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Richardson (2004) also discovered that the numbéorward citations has a positive effect on a fam

potential performance in the stock market.

Scope: The scope of a patent is the breadth across whiglprioduct embodied by it is protected. It can
be determined from both the technological and esia@erspectives. Therefore, there are two distinc
proxies that can represent such characterisgieserality and thenumber of claims The first proxy

represents the technological scope, and the semmncepresents the economic scope.

Generality is a Herfindahl-typed index that caltesathe diversification of the technological
classes of a patent’s forward citations and wast fised by Trajtenberg et al (1996). The variable
explains how broad the technological classes apatEnts that have cited the originating patenhces
its creation, generality has become one of thedst@hmeasures of the scope of a patent. For eeampl

Hall et al. (2001) included it in the widely-use®@BER database.

The number of claims in a patent represents how tlel patent is protected in terms of its
applicable functionalities. Lanjouw and Schankerni®999) and Palomeras (2003) use the number of
claims as a proxy for patent scope, and claim thethigher it is, the better the patent is prowctad

hence the broader the scope.

Innovativeness: Two proxies are used here to capture the innovagis® of a patenariginality and the
number of backward citationsOriginality of a patent, similar to generalitg,a Herfindahl-typed index
that calculates the technological diversificatidragatent’'s backward citations. It shows the dtleand
the diffusion of the technological fields of thetgrats that cited by the originating patent. If gagents

cited by the originating patent belong to a narsat of technological classes, the value of originad
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low. Originality was first used by Trajtenbergatt (1996), and has become one of the standardgtygual
measures of patent in the NBER patent data (Hall,e2001). Palomeras (2003) suggests that therlow
the degree of originality, the lower the degreenobvativeness, as it is more likely that the ination

makes a sequential, rather than radical, improvémen

The number of backward citations is a simple cadithe number of patents that have been cited
by the originating patent. It was first used bynjoaiw and Schankerman (1999) as a proxy for the
innovativeness of a patent, who suggest that twerlthe number of backward citations, the higher th

innovativeness, as the patent depends less oropsekiowledge.

Market Share: It refers here to the portion that the firm holdghe product market, in which a given
patent is commercialized. However, the actual nmegsof market share are very difficult to obtain f
three reasons. First, it is difficult to discowelnether or not a patent has been commercializegtorfl,

if the patent has been commercialized, it is diffido find the corresponding product in the market
Third, the market share of the product market #mhefirm is also difficult to obtain. Thereforestead

of measuring the share that a firm has of the procharket, a similar method proposed by Gambardella
et al. (2007) for capturing intensity of competitiocn the product market, the market share in the

technology market of the firm is obtained.

The market share proxy now refers to the portidd bg the firm of the industry in which the
U.S. primary technological class of the patenttexidt is calculated by finding the number of pese
applied from 1983 to 2006 - which is the same asafpplication year of all the patents in the stuthat
has the same U.S. primary class and subclass asigimating patent. The market share of a given f

is the percentage of its share of all patents.
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Competition: The Competitionindex refers to that within the product marketttieambodies the
originating patent. However, similar to market rghat is not easy to discover the actual valuesher
Therefore, the proxy for competition is adjustedthat of the technology market of the technological
class of that patent. Gambardella et al. (200&)augroxy that measures the technological competitf

a technological class by finding the share of thiepts held by the top four applicants in eachgit-¢tiPC
codes. They claim that competition within the abgy market is correlated to that within the prod
market. This paper uses the same proxy, exceptthbal.S. primary class and subclass is used for
matching technological classes instead of IPC codiate that in this study the shares of the taopeh

firms are used because these give better resalstiie top four and top five firms.

Covariates: Two sets of covariates, or controls, which reprepatents and firms, are used in this model.
At the technological level, the number of self-tdtas made, the number of inventors and filing yefa
patent are all used, following Palomeras (2007)he Tirst variable represents the internal flow of
knowledge (Hall et al., 2001), and is crucial tptcae if one wants to measure the true meaning of
external flow of knowledge, or citations. The nnbof inventors indicates the amount of tacit
knowledge and knowhow that may be useful for themqasince knowhow can smoothen the transaction
and potentially lower the transaction cost. Th&t @chnological variable is the filing year, oeth
application year, of a patent. This is importaatduse it takes into account technological changes
time, and is especially useful for industries inicihtechnologies grow at a fast pace. At the fienel,
USfirm, a dummy variable that tells whether or tha patent holder is a U.S. firm, is used. Thisalde
also tells whether or not the holder has engagdaliginess activities in the U.S. and is particylane

for small companies. As a result, non-U.S. firms kss concerned about the rent dissipation effect

because they compete in different product markets.
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Variable

Description

Characteristic

Core

Selfcr

SelfcrFix

Creceived

CreceivedFix
Claims

Generality

Cmade

Originality

MarketShare

Competition

Selfcm

Inventors

Filedyr

USfirm

Dummy, equals to 1 if the patent belongs to
the technological core competency of the
assignee

The number of patent citations received that
have the exact same assighee name

Same as the above, but transformed using the
"fixed-effects" approach

The number of patent citations received

Same as the above, but transformed using the
"fixed-effects" approach

The number of claims of the patent

The Herfindahl index on the spread of the
technological classes of citation received

The number of citations made; the lower the
index, the higher the innovativeness

The Herfindahl index on the spread of the
technological classes of citation made

The market share of the assignee in the
product market of the product that embodies
the patent

The competition intensity of industry that the
patent belongs to; the lower the index, the
more competitive it is

The number of patent citations made that
have the exact same assignee name

The number of inventors of the patent

The filed year of the patent

Dummy, equals to 1 if the patent assignee is a
U.S. BES

Usefulness

Usefulness

Usefulness

Technological value

Technological value
Scope

Scope

Innovativeness

Innovativeness

Market share

Competition

Technological Control

Technological Control

Technological Control

Firm Control

Table 2. Summary of variables
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Chapter 5
Empirical Analysis and Implications

Using the Cook’s D, influential observations aréedted and deleted from the whole database. Hee si
of the patent sample then decreases from 3629 2t &% large firms, and from 108 to 101 for small
firms. Tables 3 and 4 show the descriptive staigor variables of patents from large and sniathd,
respectively. Tables 5 and 6 demonstrate the YitFtalerance of the variables. Observe that ndtieeo
VIF values is greater than 10, which means thattiseeno multicollinearity problem present hereable

7 shows the estimations of the probit model fohdarge and small firms. Notice that the influahti
observations have already been eliminated andadr@ciuded in these tables.

The estimated results for both variables of tlehrtelogical core and the number of self-forward
citations has provided solid evidence for the firgpothesis. Although the coefficient of the fornfier
small firms is positive but not statistically sifjoant, that of large firms is negative and strgngl
statistically significant. The other variable, fdekward citations, has also provided even stronge
evidence. Its coefficient for large firms is négatand strongly statistically significant, whiclgraes
with the technological core variable, and that wiall firms is positive and also strongly statisliiga
significant. The probit estimation demonstrates the more self-citations received by a paterd bgla
large firm, or the closer the patent is to the Trechnological core, the less likely it is thhaetpatent
will be listed. In other words, large firms arsdewilling to place their useful patents on the kaar On
the other hand, unlike their larger counterpartealk firms are more willing to license their useful
patents. Therefore, these coefficients convingisgpport the first hypothesis.

The second hypothesis claims that the patentsdliste the market by large firms are less

innovative than those that they do not list, aretdlare two proxies that capture the innovativenétise
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Market=0 Market=1
Variable N Mean Std. Dev. Min Max Mean Mean
Core 3521 0.3001988 0.4584094 0 1 0.3272929 0.2105263
Selfcr 3521 0.8136893  2.399324 0 48 0.8402367 0.7258262
SelfcrFix 3521 0.09659 0.2802068 0 3.845489 0.1025668 0.0768088
Creceived 3521 8.580801  13.50805 0 150 8.086169 10.21787
CreceivedFix | 3521 0.8840642  1.252701 0 11.93281 0.8393187 1.032157
Claims 3521 15.7069  11.69282 1 146 15.4057 16.70379
Generality 3521 0.5435175 0.3484431 0 1 0.5294635 0.5900314
Cmade 3521 12.13831  18.98118 0 391 12.01701 12.53978
Originality 3521 0.471656 0.2894332 0 0.4633966 0.4989919
MarketShare | 3521 0.0515402 0.0850495 0 0.058132 0.0297234
Competition 3521 0.2395129 0.162979 0.027 0.2557426 0.185798
Selfcm 3521 1.000852  2.642367 0 48 1.058802 0.8090575
Inventors 3521 2.464641  1.588654 1 18 2.470784 2.444308
Filed 3521 1994.853  5.547535 1983 2005 1994.641 1995.553
UsSfirm 3521 0.8230616 0.3816707 0 1 0.8213757 0.8286414

Table 3. Descriptive Statistics for variables of patentsirlarge firms

Market=0 Market=1
Variable N Mean Std. Dev. Min Max Mean Mean
Core 101 0.9207921 0.27141 0 1 0.9210526 0.92
Selfcr 101 0.7029703  1.931551 0 13  0.5526316 1.16
SelfcrFix 101 0.5028711  1.714853 0 11.61924 0.401047 0.8124164
Creceived 101 8.653465 13.67438 0 65 8.960526 7.72
CreceivedFix 101  2.349861 4.139283 0 23.23848 2.40799 2.173148
Claims 101  19.84158 16.85451 1 103 18.11842 25.08
Generality 101 0.4913558 0.3596369 0 1 0.4610898 0.5833642
Cmade 101  24.26733  25.05789 1 159 25.18421 21.48
Originality 101 0.5647358 0.2711502 0 0.9060642 0.5698554 0.5491723
MarketShare 101 0.0250099 0.0288851 0 0.105 0.0225395 0.03252
Competition 101 0.1982574 0.1180214 0.037 0.708 0.2110263 0.15944
Selfcm 101 0.6336634 0.8913223 0 4 0.6315789 0.64
Inventors 101  3.405941 2.871161 1 16 3.763158 2.32
Filed 101  1999.614 4.022363 1992 2006 1999.395 2000.28
USfirm 101 0.8910891 0.3130811 0 1 0.8815789 0.92

Table 4. Descriptive Statistics for variables of patentrrsmall firms
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Variable VIF 1/VIF

Core 1.13 0.883014
LogSelfcrFix 1.37 0.730743
LogCreceivedFix 1.4 0.716359
LogClaims 1.07 0.935992
Generality 1.06 0.94563
LogCmade 1.47 0.680935
Originality 1.27 0.789874
MarketShare 1.71 0.584991
Competition 1.86 0.537245
LogSelfcm 1.34 0.747781
Loglnventors 1.09 0.920673
Filed 1.22 0.820002
USfirm 1.37 0.731855
Mean VIF 1.33

Table 5. Variance inflation factor and Tolerance for vatéof patents from large firms

Variable VIF 1/VIF
Core 1.18 0.848594
LogSelfcrFix 1.9 0.527539
LogCreceivedFix | 1.94 0.515184
LogClaims 1.31 0.765289
Generality 1.39 0.718849
LogCmade 2.22 0.45128
Originality 1.77 0.564161
MarketShare 1.52 0.658632
Competition 1.36 0.737202
LogSelfcm 1.51 0.662649
Loglnventors 1.74 0.57409
Filed 2.15 0.464974
USfirm 1.27 0.788615
Mean VIF 1.63

Table 6. Variance inflation factor and Tolerance for vatébof patents from small firms
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Variable

Large firms

Small firms

Technological level
Usefulness

Core

Self-forward citations
Technological value

Forward citations
Scope

Claims

Generality
Innovativeness

Backward citations

Originality

-0.2967698 (0.1060038) ***
-0.8412189 (0.2835086) ***

0.6959381 (0.1091733) ***

0.2227023 (0.1265621) *
0.2061579 (0.067741) ***

0.1218969 (0.1096104)
-0.097917 (0.1411052)

0.4722439 (0.4795563)
2.341526 (1.179064) **

-0.8979599 (0.5892663)

2.263676 (0.4632283) ***
0.4148866 (0.289572)

2.017469 (0.8022052) **
-1.327827 (0.3190147) ***

Firm level
Market share
Market share

-1.742353 (0.5329053) ***

14.64449 (4.1053) ***

Industry level
Competition
Competition

-1.461507 (0.2469785) ***

-3.637967 (2.193422) *

Control

Technological control
Inventors
Self-backward citations
Filed year

Firm Control
Us firm

-0.0254704 (0.2493178)
0.0115565 (0.152775)
0.0208481 (0.0119298)*

-0.1935805 (0.0732615)***

-4.872622 (1.901167) ***
-2.460021 (0.6478733) ***
0.1223165 (0.0615035) **

-0.2238792 (0.6319144)

Statistical data
N
Log pseudo-likelihood
Pseudo R2

3521
-1779.5909
0.067

101
-33.56352
0.4062

Table 7. Probit estimation for both large and small firms

Notes *** ** and * represent that the coefficient satistically significant at 1%, 5%, and

10%; robust standard error of the coefficientsiamgarentheses
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patents, namely numbers of backward citations aiginality. Note that the coefficients of both the
variables for large firms are not statisticallyrsfigant, which does not provide any evidence. sT¢an

be caused by a number of factors. The first poggits that there is actually no correlation besn the
innovativeness of a patent and a large firm’s ngfiess to license, and therefore the coefficierat
statistically significant. The second possibilisythat the proxies of backward citations and oadjty

fail to capture the innovativeness of a patenthese variables failed to influence the licensiegision

of large firms. The third possibility is that coetjtion in the technology market due to the presewic
multiple technology holders forces large firmsitehse innovative patents (Arora and Fosfuri, 2008)
this case, even if the originating patent holdeesdnot license, the other technology holders wills
motivating the originating patent holder to licens®n the other hand, the empirical result of these
variables for small firms suggests that they ase igilling to list highly innovative patents on thmarket.
Such reluctance may be caused by their flexibilityorganizational structure, which gives them an
advantage in competing in the product market, asdlts in a high rent dissipation effect.

The third hypothesis claims that the larger the kelashare that a firm holds in a particular
technological class, the less likely it is that finen will be willing to license its patents belang to that
technological class, and the empirical result agwei¢h this claim. The coefficient of the varialharket
share for large firms is negative and statisticsifynificant at the 1% level, which means thatrgddfirm
is more willing to license its patents if they bagoto a technological class in which has a smalketa
share, because the rent dissipation effect wouldigighs the revenue effect should the firm dectdes
license. Additionally, the coefficient of markdtase for small firms is positive and statisticadtyongly
significant, which shows that small firms have gpasite licensing propensity to the large firmshan
a small firm has a large market share, it becoma® willing to license its patents because it mag ft

difficult to defend this market share in the long due to its inferior resources compared to coitgpst
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As a result, such a firm may have a different miaskeategy than a large firm; it aggressively eregaig
technology licensing and transforms its sourceesenue from the product market to the technology
market. On the other hand, when a small firm hasnall market share, it tends to be less inclired t
license the corresponding patents. One reasothiiis the inferior quality of the patents in s,
which may be unattractive to potential license€kerefore, in order to lower expenses, a small firay
decide not to make their patents available on theket since this incurs a non-trivial listing cost.

The fourth hypothesis states that the higherritensity of competition in the product market, the
higher the willingness of a large firm to license patents. This is supported by the probit esdtona
since the coefficient of the competition variatdenegative and statistically significant for larfiyens,
while a lower value of the competition index rems a more intense competition. Recall that Fosfu
(2006) demonstrate the inverted U-shaped relatipnsétween the rate of technology licensing and the
number of technology holders, which means theahlieensing increases with the number of technglog
holders until the number of holders has reachedr&ia value. However, this non-linear relatiopshi
only holds true for actual licensing activities wiifocus on the demand side of the market. In this
empirical result, the linear relationship betweelfirra’s willingness to license and competition insity
does not conflict with the above because it appbethe supply side of the market; even if the nerdf
technology holders has reached a certain valuienésfpropensity to license will not decrease. other
words, that relationship in the supply side is ntonix. On the other hand, the coefficient of the
competition variable for small firms is statistigasignificant and even more negative than thataoje
firms. It demonstrates that small firms are magas#tive to competition intensity in the industnyda
rejects the claims made by Fosfuri (2006) that kfitahs face a less intensive tradeoff between the

revenue and rent dissipation effects.
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Besides the above mentioned variables that supipeiypotheses, the remaining variables also
provide some interesting results. The first oneghis technological value of a patent. Although the
coefficient for forward citations for small firms inot statistically significant, that for largenfis is
positive and statistically significant at the 1%dk which demonstrates that large firms are mating
to license patents with higher technological valuEhis result agrees with the empirical studies by
Gambardella et al. (2007) and Palomeras (2007)ey Hxplained that patents with high technological
value create more technological opportunities aedattractive to potential licensees. At the séime,
these patents might not be internally developeds aAresult, the revenue effect outweighs the rent
dissipation effect, and the profitability providesentive for the patent holder to license.

Secondly, observe that the two variables for scgpeerally have the same results. The
coefficients of the number of claims for both thedal for large firms and small firms are positiveda
statistically significant, which shows that firmsaenerally more willing to license patents wittaeger
scope. In particular, the coefficient of the snfaths is a lot larger than that of the large firrshows
that he licensing decisions of small firms are ipatarly sensitive to the patent scope than arsehaf
large firms. The coefficients for generality, dve tother hand, are both positively correlated fiona's
willingness to license, although only that for lkarfiyms is statistically significant.

The next two variables are the number of self4oitet made and the number of inventors, where
both are technological controls. The coefficieiotsboth are not statistically significant for lardgirms,
and are both negative and significant for smathéir This result demonstrates that small firmsnaoee
willing to license patents with a lower number eff$ackward citations—which are more innovative
and less related to the technological core of the—fand have fewer inventors. Another important
variable is the filing year of the patent, the diméfnts of which are statistically significant fboth large

and small firms. Note also that the values ofdbefficients are very low, which means that the§irare
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more willing to license recent patents, but thiadilyear is generally not an influential factorinddly, the
firm covariate of USfirm is negatively correlatedthe propensity to license for large firms, megriimat
large firms without business activities in the l@ditStates have a high willingness to license. This

coefficient for small firms is; however, not stétally significant and does not show anything uef
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Chapter 6

Conclusion

This paper answered the research question “Whahardifferences between large firms and smalldirm
when making licensing decisions?” In line with tle¥enue versus competition framework (Arora and
Fosfuri, 2003) - assuming that profit is the ontiver behind licensing and considering only firmihw
commercialization capabilities - this empirical dgushows that large firms weigh the rent dissipatio
effect higher than revenue effect. At the techgiglal level, large firms are less willing to licengatents
that are useful to them. At the firm level, theg anore inclined to license patents that they have
commercialized in areas where they have a smabekehshare. Lastly, at the industry level, thayeha
higher propensity to license patents within indestwith more competitive markets.

On the other hand, small firms see the revenuecteffie being more important than the rent
dissipation effect when making licensing decisiofierefore, although taking on the risk of sufigri
from the rent dissipation effect, they are morelijiikto put patents that are useful to them on theket.

At the firm level, the market share of a small firmthe product market is positively correlatedthe
willingness to license a patent that the produanidodied from. In other words, the larger the kaar
share of a small firm, the more likely it would gdathe patent on the market, as it may find iticliff to
maintain its large market share in a long run,teategically it aims to change its source of rexefrom
the product market to the technology market. Wégrevhen its market share is small, it may be chuse
by its inferior technologies, which are not atthaetto the potential licensees. Therefore, the finay
not even bother to place the patents on the mankee the listing costs may not be a trivial amdonit.
Finally, at the industry level, small firms are@l®ore inclined to license patents in industriethwaigh
competition intensity, which is the same as laigad.
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Meanwhile, this paper also unveils some interestemplts. First, while innovativeness of a
patent is not an important factor in making licegsilecision for large firms, it is negatively cdated to
small firms’ willingness to license. One possibiason is that small firms are more flexible inithe
organizational structure, which gives them an athga in competing in the product market, and hence
lower their willingness to license. Second, thehtwlogical value of a patent is positively cortethto
the willingness to license for large firms. Gantdmdia et al. (2007) has actually showed that the
economic value of a patent is positively correlatedoth the willingness to license and actualrgierg
activities of firms of all sizes. Such willingnesan be driven by the existence of multiple tecbggl
holders, which forces the large firms to licenséuable patents (Arora and Fosfuri, 2006). Third,
although small firms are more sensitive to scopa tlarge firms when making licensing decisionshbot
large and small firms are more willing to licensgents with broader scope. The reason is thdather
the scope of a patent, the stronger the protecsioth,the more technological opportunities it credteus
resulting in a higher revenue effect, which is Haat that all firms rate highly.

This study also encountered a few limitations. sti-ithe sample size of patents from large and
small firms is uneven. One reason is that thenertiechnology market has a listing cost, which inay
non-trivial for small firms. However, it also refits the realistic situation in the market for teabgy:
such market is still underdeveloped and is ineffitiin many aspects. Second, a number of resfgicti
assumptions were made throughout the whole studgy theory development to empirical study. The
major one is that it was assumed that profit isahlg driver behind licensing activities. As auktsany
strategic reasons for licensing, such as crosadiog and setting standard for the industry, wgneiied.
Consequently, it is further assumed that all ofghtents listed on the internet marketplace Yetf.ace

there only for pure-revenue licensing.
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This topic can be further explored in several dioexs. To begin with, this paper focuses purely
on the supply side of the market. It would be; beer, very interesting to consider the demand side
along with the actual licensing deals, given thailability of data on these. Then, different typke
licensing contracts, including exclusive licensingn-exclusive licensing, and cross-licensing, dcaé
differentiated, compared, and contrasted. Next,different structures of licensing contacts cao die
analyzed, such as per-unit royalties and lump swyalties. Finally, although this paper includetepés
across all industries, it does not separate thenpaby industry due to the restrictions of the @amsize.
Notice that the nature, structure, and charactesisdf different industries can vary significantly.
Therefore, should the opportunity arise in the feitut would be very useful to compare licensing

decisions and characteristics at different levetess all industries.
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