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1. Introduction

Licenang ayreements is acommonly obgerved type of inter-firm aliances,
especidly in technology-intensve indugries. The sudy by Arora et al. (2001) pointed to
ove 15,000 know technology licenang transactionsworldwide with atotal vaue of
over $320 bilion in the paiod 19851997, mplying an average of nearly 1,150
transactionsworth $25 bilion pe year. Thompson Finanda @ SDC database used in this
paper lists 10,069 pubkly announed licensng ayreements during the 199G across all
sectors. Onefrequently reads on the popular press tha companies like Texas Ingruments
(T1) and Internationd Budness Machines (IBM) follow aggressive strategies of
exploitation ofthear extensve technology pdent portfoliosthrough Icenang.

Theoretical agppraisals in indugria economics have addressed severa factors tha
may induce firms to license technology  others, induding poential compdtitors,
induding entry deterrence (Gallini, 1984;Eswaran, 1994) additiond revenues (Katz and
Shapiro, 1985) enhancing damand (Shepard, 19&), and facilitating wlluson (Lin,
1996) A recent pgoer by Aroraand Fosuri (2003)argues that competition anong
technology owners creates strategic incentives to license technology. holars have
explained technology licenang from the strategic management viewpoint as well (e.g.,
Cronin, 1989;D@veni, 1994;McDondd and Leahey,1985:Wind and Mahgan, 1988)

Interestingly, there is dso evidence that companies in the United Sates, Europe
and BApan ignore alarge fraction of their patented technologies which could belicensed
or profitably sold (British Technology Goup19%). A voluminousliterature in indudrial
econonics has dealt with the factors that may inhibit the prope functioning of
technology merkets. In an doquent paper forty years ago, Arrow (1962 described the
problems of gppropriability, indivisibility, and unertainty tha hamper the markets of
technology. Once an idea is disclosed to apotential buye, it was argued, the buye could
use theinformation without paying for it. Thus the highe the degree of knowledge
appropriability (i.e. thegronge the patent or intellectud propety protection), the beter
the ability of thelicensor to capture alarger share of the rents generated from thelicensed
technology. Unde a weak intellectual propety rights (IPR) regime, the licensee firm can
use the licensor® technology without paying gpropriately for it. In other words, srong



IPR protection an beconsdered as the remedy for thewell known Gppropriability
problemQin the market for technology.

Studies on @ntracts and transaction 4s have daborated on te causes and
effects of moral hazard and asymmetric information in exchanging knowedgethrough
arm@ length transactionsmaking the undelying mntracts incomplete (Caves, 1982;
1996; Hart, 1995;Menard, 1996;Saanie, 2002) Merges (1998 argues tha transaction
cods of technology licensing ae negatively related to the Strength of paent protection.
To mountract the licensee@ incentive to shirk payment in the case of weak IPR
protection the licensor@ cods for monitoring and enforcement will increase.

On the other hand, evolutionay economics (Nelson and Winter, 1982;Nelson,
1995)and management theory have placed a lot of atention o the organizationd aspects
of theinnowation piocess, showing tha often the requisite capabilities and routines are
difficult to exchange through tie market (Teece, 1977). CognitiveOlimitationsin the
trander of technology o another context require extensve adgptationsand cods (Arora
and Gambadella 1994) Aroraand Foduri (2003)dso pont outtha technology
licenang may erodethe profit of licensor due to the establishment of yet another
competitor in the downgream product market.

Empirical literature on chnology licensang ha been less forthcoming. Severa
empirical studies of licensing béhavior exist that are based on snall samples of surveys,
such ssthestudy by Gaves et d. (1983)coveing the United Sates, the United Kingdom
and Canada There are aso some studies of licendng activity in paticular indudries such
as chemicals (Grindley and Nickerson 1996)and electronics (Grindley and Teece 1997)
To thebest of our knowledge however, econonetric sudies based on ©@mprehensve
daa sets of observed licenang agreements across many indugries are rare. One exception
isthe sudy of Anand and Khanna(2000. They use arelatively large sample of observed
licenang agreements tha occurred in the period 1990-1993 n three manufacturing
sectors: chemicals and ptharmaceuticals, computers and machinery and dectronics (SIC
28, 35, 36)But thar study falls short of examining licensng deéerminants a the busness
level. Our sudy complements this literature in two ways. it covers awider spectrum of

indugries that contribute significantly to ob®rved technology licensang trends induding



both manufacturing and services such as busness services and Dftware (SIC 73); and it
involves firm-level analysis usng alarge pand dataset tha extendsfor a full decade

This paoer reports the results of an empirical examination oftechnology licensor
behavior based on alarge pand daa set of observed licensng ransactionsinvolving US
traded companies across dl indudry sectors during the paiod 19901999.The theoretical
literature has made aconvinang agument tha bath internd and externd factors to the
licensor deerminethe propengty of thefirm to license its technology outto others. Our
investigation explainsthe number of licenses granted by afirm on he basis of the
characteristics of the selling mmpany and the characteristics of the company@ primary
indugry.

The stock of technological knowledgeof the licensor, this company@ prior
expodaure to technology licenang, herate of growth of its primary indudry, the strength
of theintellectud property protection regime in that indudry, and the nature of the
technologies of the licensor (general pumpose technologies) are found b beimportant
determinants of the propensty to sl technology through nongclusve licenses. The
results dso pont a apossible U-shaped relationship beaween recent socks of
technological knowledge and company tendency to sl technology nonexclusvely.

Smaller firmsin indugries with lesser technological/produd complexity tend ©
sell ther technologies through exclugve licenses more than others. In contrast, larger
firms opeating in indudries with highe technological complexity engagerelatively more
in aoss licenang ¢echndogy svapping). This gpparently reflects tha cross licenang
often ams at easing cmplicated intellectud property hazards. Cross licensng isaso
postively related to prior licenang exposure by the licensor.

Therest of the paper is organized as follows. Section 2 povides the theoretical
background. &ction 3 describes the daa. Section 4 pesents the econonetric
methodobgy and Pecifies the empirical modd. Section 5 dscusses the main results.
Findly, Section 6 ©ondudes.



2. Theoretical Background

Thetheory section ddines the basic context of licenang in an indugry. We adgpt
themodd of Aroraand Fosfuri (2003)for this pupose, while complicating somewha the
payment mechanism and the knowledgeappropriability regime. Consde an oligopoly in
which N firms have propriety technologies for the produdion ofagood hat can ather be
perfectly honogeneousor differentiated across technologies. When thegodd is
differentiated, each variety is assumed to bean equdly imperfect subditute for dl others
across dl varieties. Apat from N incumbent technology owners, we assume tha there
exist many poentia entrants who, even though @nnotinnovde, can produce if they
receive therights to use thetechnology from one of the incumbent technology owners.
Ther oufputis assumed to behonmogeneouswith that of the origind licensor. Produd
market entry is codless. Incumbents can boh produce by usng ther own technology and
license ther technology © progoective entrants.

Let k; bethe nunmber of licenses sold outby firmi = 1,2E N. Each of N

incumbents can enter into licenang @ntracts, thereby giving rise to amaximum of

N
| k possible new competitors in the produd market usng tha respective technology.

i=1

The maximum number of firms tha can have the technology and can produce thegood &

N
equd to | k + N. Hence, thestrategy et of each incumbent technology owner has two
i=1

components: it can decide whether to license or not; it can dso chooe how many

licenses to =il For andytical convenience, we assume tha &, and N are continuous

variables.

Thelicensor collects afixed licenang fee, F, and some pottion, r, of the profits
earned with the licensed technology by helicensee as aroyalty. Thelicenang contract
involves afixed transaction w4, T ! 0, dl bom by thelicensor. This cod relates to
gaheing information @out licensees and bargaining with them as well as writing and
enforcing contracts. The licensor is able to mllect payment at the rate ! indicating the

strength of intellectud propety protection regime.



A oneshot, two-stage game is followed. Thefirst stage correspondsto the

technology merket: N incumbent technology owners decide how many licenses %, to

sall.* The second sage correspondsto the product market: dl firms with technology
access produe and sl aprodud made by it. Thus, each incumbent techndogy owner
competes both with other incumbent companies and nav entrants at the produd market.
Backward induction is used.

Seond Sage OConpetition in the Produd MarketO
We assume Coumot competition in the produd market. Theinverse demand

fundion for each product variety i is as follows:

p=1" (x+1 x)" # (Xj+! X;), 10

K N"i K;

fori = 1,2,EN, where p, denotes prices, (x, +1 x ) is quantities supplied by firms
K

using thetechnology offirmi, and#1 (x; +1 x,) isthesumof dl quantities supplied
N"i k

by firms endowed with technology different fromi (N-i sandsfor dl varieties buti).
Theterm ! standsfor the degree of product differentiation across varieties. We
assumetha !/ ! [0,1], with produds bang honogeneousfor / =1 and completely

differentiated for ! = 0. Highea ! values represent more smilar produds across
incumbent technology owners. For smplicity, produdion cods are assumed to be
negligible; margind cog of produdion is set a zero.

Each firm producing with vaiety i (technology ovner or licensee) maximizes the
following profit in the produd market.

max! ' = p, X, R)
X

! Onelicense per entrant. We assume that once licensors commit the number of licenses, all other firms can
observeit.



From thefirst order condtions we can compute the equilibrium price and profit a the

produd market (Appendix 1).

First Sage QConpsition in the Technology MarketO

Given theresults of quantity competition in the second sage of the game, thetotal

profit of each incumbent technology owner i is given by:
V' (k,k,,0,F,rv,NT)=!"+"(F+r!/ Hk" Tk, 3)

fori = 1,2,EN, where denotes the degree of technical knowledgeappropriability.
Knowledgeis more appropriable the sronge theintellectud propeaty rights enforcement
regimein an indudry is (e.g., pdent protection enforcement level). We assume tha

! [0,1], where pafect IPR protection mrrespondsto =1 and no potection
correspondsto  =0. In our setup, /! accounts for the ability of thelicensor to gppropriate
therents generated from licenang technology. Thus each incumbent technology owner
i@ total profit is the sum of the profits from its own produdion (') and tal licensng

income, induding both thefixed fee and roydty payment from k. licensees
(" (F +r! "k ), minuslicendng fransaction wgs (=T k).
Each incumbent technology owner i chooss k; in order to maximize its total

profit given by @3). The first order condiion for an interior maximumiis:
V) (kK" Ford NT) =#F +#" " +Q+#k)" ' T ! 07 (4)

z . | i . i
for k = 0 andi = 1,2,EN, where V, = % nd /=
From the equation system (4) we can obtin astable symmetric licensing

equilibrium quantity of licenses, k.2

2V, =2"r!, +(1+"rk)! |, <O0.Therefore, the second order condition is satisfied.
3 See Appendix 2 for the proof of existence and stability of the equilibrium.



Propostion 1. Theequilibrium nunber of licenses, k, isincreasing in ! .

Proof. V,, =#", +(1+#Kk)",, whee ", <Oand ", >0. Now, suppo tha for some
vauesof /,V,, <0.Then thisimpliestha V,,.=r", +rk",, <0snceV,, =

#w", +L+#K)",, >#H", +#K",, >, +rke,, . Thus if V,, isnegative for some
valueof ! ,V, , <0 impliestha V,, can notbepostive for /! = 1. However, we can
show, for example, if / =1 andk! 2,V,, ispostive, resulting in acontradiction.

Theefore, V,, > 0.

Propostion 2. Theequilibrium nunber of licenses, k, isincreasing in

Proof. V,, = F+r! +rkl/', >"(F+r! +rkl )>! +"(F+r! +rk/,)>0,
aV,
whereV,, = —% .
~ 06
Propogtion 3. Theequilibrium nunber of licenses, k, isdecreasing in T.

'V
Proof. V,; ="1<0, where V,, :l_-rk'

In other words, firms license more the more honogeneousis thefind good
among echnology owning incumbent firms, the more gppropriable technical knowledge
is, and thelower the transaction a4s of licendng. Theintuition is sraightforward. When
thetechnology (@nd theresulting piodud) is highly differentiated, each incumbent
technology owner has its own market niche Any entrant licensed by atechnology owner
will beadirect competitor to thelicensor but only a distant competitor to other
technology owners. In contrast, when the good poduced by incumbent technology
ownes is more honogeneous the revenueloss from increased competition by icensees

is better spread across al incumbents, thusraising the technology owner@ incentive to



license. Moreover, by enabling licensors to capture a highe share of the returns of ther
licensed technology, béter appropriated technical knowledge (due to, sy, Sronge paent
or copyright protection enforcement) induces firms to license more. Higher transaction
cogts decrease the licensor@ profit directly.

3. Data

Thedaaused in this andysis were collected from the Innowation Network
Databank(INNET) of the Center for Internationd Science and Technology Policy
(CISTP) a the George Washington University. INNET features longitudind information
on drategic dliances, US paents, and busness paformance for many thousndsof
companies snce 1985. for this pgoe we have used the section on lcensng agreements.
The basic information has been drawn from the SDC daabase of Thomson Anandal
which records dl pubicly announed aliance deals worldwide tracked down in the
Security Exchange Commission filingsin the United Sates, navswires, press, trade
magazines, professiond joumads, and thelike. SDC provides information on ©ntract
type (i.e. licenang areement, marketing agreement, joint venture, joint development or
produdion, dc.), description ofthe deal, the date of agreement, identities of paticipant
firms (primary SIC code name, naion, paent companies, €c.), and the SIC codeof the
aliance. Of interest to ou case, the SDC dso identifies different kindsof licenang
agreements (i.e. exclugve, nonexclusve, cross licenang) and theroles of the paticipants
in them (licensor, licensee).

The mog seriouslimitation of SDC is its bias towards US organizations dueto
the daa collection methodology (anguaye, geography, aility to beequdly indusve
around heglobg. We have, thus decided to limit our andysis to licensng agreements
during the 1990s(1990G-1999) involving & least oneUS company.

There were 10,08 licensng ayreements announed from Januay 1, 1990 o
December 31, 1999 wrldwide, involving 20,840 pdicipants, corresponding o 8,193
different organizations We used Sandard & Poor@® CompuSat (publicly traded
companies in the United States) to coss-identify individud companies and extract



finandal information on @ch ore. We have also diminated dl agreements for which
welQve been able to identify fewer than two participants. We came outwith an initial set
of 1,295 Icenang agreements tha involve 2,733 dentified paticipants, correspondng ©
1,153 ompanies traded in the United Sates.

We subsequently read through te description of every agreement to distinguish
between licensors and licensees and 1o ascertain that thelicenses in oursample refer to
technology. We have dso deaned this set of agreements from public annauncements of
termination and litigaion of past licenang agreements. These procedures decreased our
set to 1,071 icensng agreements for which we have identified & least two participants
(i.e licensor and licensee). These agreements involve 2,295 paticipants, corresponding
to 985 ndgyendent companies. We aso needed to drop firmsin sectors where
information on ke variables for our subsequent andysis (coneentration ratios, indugry
paents, growth rates) is unavailable. And, we have excluded from the sample three
companies tha recorded the largest nunmber of licenses sold (the three togeher represent
about8% of thetotal) in order to avoid the possibility that their behavior unduly
influences ourresults. We have, thus reached afind sample of 931 companies (licensors
and licensees) traded in United Sates’. We have linked this sample to the NBER paent
database to obtin longitudind information on p#enting histories of these companies
since theearly 1970s

Table 1 dhows thelicenses granted by sctor (licensor main line of busness)
between 1990and 1999 in oursample. TheTableis based on apoint-to-point tabulation
couning dels beween pairs of firms (alicensor and alicensee). In other words, alicense

agreement is counted as many times as there are identified licensees.
[TABLE 1 ABOUT HERE]
Bugness services (SIC 73) and dectronics (SIC 36) are the mog active sellers of

technology through icensing in oursample. They are trailed by chemicals and
phamaceuticals (SIC 28) and computing equipment (SIC 35). Chemicals companies

* Our final datais unbalanced panel in a sense that not all sample firmsin CompuStat have financial
information consecutively throughout the whole period, 1990-1999.



registered the highest (by far) share of exclugve licenses whereas € ectronics companies
registered the highest share of cross licenang, & expected on hebasis of the historically
weak IPR protection in these indudries. (Grindley and Teece, 1997)

Table 2 breaks down thelicense deals in ou sample by granting firm (point-to-
point tabulation). Aboutonethird of the paticipants (264 iirms) only boughttechnology
(pure licensees). The remaining 670 frms sold & least onelicense duiing the 1990s this
group i highly skewed towardsthe firms tha sold only oneor two licenses (51% of the
total nunber of firms in sample). The group d licensors dso indudes those who hal a
mixed role (sell and buytechnology).

[TABLE 2 ABOUT HERE]

4. Econometric M ethodology and Modeling Approach

4.1. Econometric Model for Count Panel Data®

We use countpand daa where the dependent variable Bthe number of licenses
granted by aparticular firm in agiven year Bis discrete, nonnegaive, with nunmerous
zero entries, generating ron-linearities. Conventional linear regression models are, thus
ingopropriate. The smplest modd form to accommodae countdaais the Poisson
Regression Modd. This modd, however, has been criticized on ts propety of equdity
between its first two conditiond moments: E(y,, /x,) =V (y,. /%) =/, . Iltisnot
uncommon © find that the conditiond variance is larger than the conditiond mean
empiricaly, implying ©verdispersionOFor example, because of unobgrved dfects such
as the management® ability to negotiate with licensees effectively, some firms are likely
to =l amuch larger numbe of licenses in agiven time peaiod than average while the

majority of firmswill bewell bdow the average licenang activity or will have none In

® For further discussions, see Cameron and Trivedi (1986), Winkelmann and Zimmermann (1995), Cincer
(1997), and Blundell et al. (1999).
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pand daa unobsrved GeterogeneityGi's commonly presumed present; the failure to
indudefirm specific effects may lead to ovedispersion.

One possible way to accommodate unobgrved heterogendity is to indude @ixedO
or @GandomCeffects into the Poisson regression modd. In the presence of overdispersion,
however, a more efficient estimator can bebased on the Negative Binomial (Negbin)
Modd, which addresses the failure of the Poisson by alding aparameter that reflects
unobgrved haerogeneity among obsrvations Negbin dso has limitations For indance,
the ngyaive binomal specification imposes a constant variance to mean ratio across
firms. Hausman et d. (1984) overcome these shortcomingsby introdudng @xedGeffects
and @andonOeffects negative binomial modd. For the randomeffects and fixed efects
overdispersion nodds:

y, I'!, ~Poisson(! ),

whee !, /!, ~ganma(!/,,1/!,)and !, isthedispesion paameter. In the random

effects modd, !/, isdlowed to vary randonly acrossfirms; 1 /(1 +/,) ~ Beta(a, b).

A necessary assumption is tha unob®rved firm-specific effects are unarrelated with the
independent variables for randomeffects specification. We employ arandom effects

negative binomia modd for this andysis”.

4.2. Mode Specification

We estimate thefollowing licenang equation:

Lie=f[Yi¢e, W fori=1,...,N and &1,...,T, )

where L isthe nunmber of licenses granted by firmi a t, Y, isa vector of characteristics

of firmi, and Wi, is avector of characteristics of this firm@ primary indusry |.

4.2.1. Dependent Variable

® Hausman test cannot reject the null hypothesis of no serial correlation at 5% significance.
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Licenses are of three types. exclusve, noneclusve, and aoss license. We run

separate regressionsfor all licenses lumped togeher and for each of the three types.

(i) ALLICENSE = nunber of licenses (al types) granted by firmi a period t;

(i) NONEXCLULICENSE = nunber of nonexclugve licenses granted by firmi a
periodt;

(iii) EXCLULICENSE = number of exclusve licenses granted by firmi a peiodt;

(iv) CROSSLICENSE = number of cross licenses granted by firmi a period t;

4.2.2. Indgpendent Variables

(a) Firmleve (licensor) characteristics

It goes withoutsaying that the only candidate licensors are those companies tha create
new technologies. Following long tadition in econonics, we approximate the ability to
replenish the stock of technological knowledgeby the observed gock of paents that the
company has received upto apointin ime. We use both the current and lagged paent
stock of acompany as there can bea sizeable lag between ob&ining apatent and
licendng atechnology Bnot least because firms typically loah slling outdate-of-the-art
technologies. The vadue of the paent sock depreciates reflecting technological
obsolescence dueto newver developments in the specific or competing technologies
(produds), and ukimately the expiration oflegal rights. Theannud depreciation rate is
taken haeto be15%’

PATENT = firm i@ paent stock a periodt.
PATENT = I+ (1- ) PATENT-1,

" Fifteen percent is frequently taken as the rule of thumb in knowledge depreciation in the empirical
literature. Our results do not change significantly with higher values (20%, 30%).

12



PATENT-1 = firm i@ paent stock a periodt-1.
PATENT-2 = firm i@ paent stock a periodt-2.
PATENT-3 = firm i@ paent stock a periodt-3.
PATENT-4 = firm i@ paent stock a periodt-4.

where l; isthe number of paentsreceived byfirmi at timetand istherate of
knowledgedepreciation. Dueto the unavailability of srong teoretical results on the
timing oftechnology sles, we use stocks of knowledgein five pointsin ime in order to
test for the lag distribution of the patent-licensng relationship. ®@atent-intensvelfirms
may beindined to license outfor variousreasons For example, they may have more
technologies available than they can exploit interndly. They may beinterested in
extending the revenue stream from technologies tha have past thar prime for internd use
but which are still of vdueto others (frequently a North-South type of exchange. They
may aso want to exploit proprietary technologies that they consder peipheaal. They
may license in oder to establish and domnate a de facto gandad. Andly, they may
license dtrategically in order to prevent other firms develop their own technologies. More
and nmore companies have inareasingly tried to supplement income from the active
management of intellectud propaty, frequently involving technology sales. The
anticipated 9gn of PATENT and its lagsis postive.

LOGSALE =sdesof firmi in peiodt (in logy.

Sale figures have been used as proxy for firm sze. Research-oriented gartup
firms often earn ther profits through Icenang arangaments with more established,
incumbent firms, in commercializing anew technology (Gansand Sern 2000). Indeed,
small firms are usudly unde severe cash flow condraints. In certain indugries such &
phamaceuticals the cods of fielding pioduds is very high (clinical trial costs may run
into the hundeds of millionsof dollars). Small firms (e.g., botechnology mmpanies)
often cannoteven atempt to market their inventionswithout assistance from larger
established phamaceutical companies. It may be hypothesized that small firms may be
pressured to license technologies more frequently than larger companies. To the extent

they do, t is expected tha they will be more proneto accept selling ther technology

13



exclugvely to onebuyea. On the other hand, large companies may license alot because
of strategic incentives, in oder to influence sandads, and in the effort to extend income
from technologies tha are either notstate-of-the-art or peiphead to ther own internd
opeaations The expected sgn for LOGSALE is ambiguous

PRIOR LICENSE =1 if licensor firm i had s0ld alicense up © peiodt-1.
9 oherwise.

There are two explanations of what this variable may capture. On onehand, prior
expoaure to licensang an beconsdered a proxy for the transaction a4 of licenang (T in
thetheoretical modd). Experience in gahering information &out progoective licensees,
negotiating, witing contracts and enforcing them will lower the cog of licendng for the
seller. On the other hand, the variable may be picking up unoberved efects such as
management proclivity to license: firms tha licensed alot yesterday are likely to license
alot today because of management strategy. A postive sgnfor PRIOR LICENSE is

expected in al types of licenang.

(b) Indugry level characteristics

We use the characteristics of the pimary sector of the licensor while acknowledging the
limitationsof the gpproach dueto the proliferation of diversified companies tha may not
license in thar primary line of busness. Our selection ofthe primary sector of the
licensor is based on heconsdeaation tha, in mos companies, it will significantly

influence strategic behavior across thefirm.

CONCENTRATION = concentration ofindugry of firmi a t.

Low concentration implies tha the firms dready have many competitors (lower
market power) in their primary produd market (Caves, 1970) Low concentration an be
assodated with highe values for ! in ourtheoretical modd (more homogeneous
technologies anong Icensors), which raises theincentive of alicensor to areate another
licensee since this action will dissipate licensor@ profit less than it would in aless

competitive market. In reverse, high concentration would betypically assocated with

14



higha market power, more clearly differentiated technologies and pioducts anong
incumbents and, acording o thetheory, relatively lower incentives to license outby any
oneof them. A negative sign is expected for CONCENTRATION.

GROWTH = growth rate of indudry of firmi at t.

The highe the growth rate of indusry output, ceteris paibus theless an entrant@
supply will depress indugry price and ouput (Orr 1974) Accordingly, firmsin high
growth indugries will have a beter incentive to license outrelated technologies snce
rent dissipaion dueto increased competition with licensee entrants is kept relatively low.

A postive sgn for GROWTH is expected in dl types of licenang.

INDUSTRY PATENT = Patent / R& D expenditures of indugry of firmi at t (propendty
to pdent).

Patent-intendty is used as aproxy of the strength of the intellectud property
protection g/stem as perceived by he members of an indudry. It is, of course, well
undestood hat the existing unform legislation for intellectud propaty affects different
indugries differently dueto the variation in ther characteristics. In turn, the perceived
strength of the intellectud propety system directly affects the ability of afirm to
appropriate technical knowledge Theliterature has generally advocated a podtive link
(Anand and Khanng 20). This variable can, then, beconsdered as aproxy for / in the
theoretical modd. Theexpected 9gn for INDUSTRY PATENT is postive. The expected
sign changes to negaive in the case of cross licenang tha can bean efficient mechanism

for overcoming the hazards of weak PR protection.

COMPLEXITY =1 if firmi bdongsto acomplex produd indugry;
=0 ohewise.

Cohen &t d. (2000, 2002Qistinguish beween @omplexOversus QliscreteO
produd indugries on thebasis of whether a new produd is comprised of numerous
separately paentable elements or of relatively few. Electronic products will typically be
good examples of theformer, thuscharacterized as complex. Drugsor chemicals are

typically good examples of the latter, the patentable e ement often being asingle formula
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(Rycroft and Kash, 1999) As aresult, ample technologies can bebeter protected (strong
IPR) whereas complex technologies may beeasier to invent around (veak IPR).
Following Gohen et d. (2002) we use SIC 35 & a crudecut-off point between complex
produd indudries (35 and &ove and smple product indugries (bdow 35). As ddined,
simple produd indugries indudeferrousand nonferrousmetals, chemicals,
petrochemicals, drugs food, bbacco, and © forth. Complex produd indudries indude
machinery, computers, dectrical equipment, scientific ingruments, and dl kinds of
services. Better IPR protection raises the progects of licenang. This variable can be
congdered as asecond poxy for ! in the theoretical modd. A negaive sign for
COMPLEXITYis genealy expected. Again, the expected Sgn changes to postive in the
case of cross licenang for the reason mentioned eove

INFRA =1 if the primary indugry of firmi can be described as ICTs, biotechnology, or
advanced meaterials;
=0 ohewise.

Information and communication technologies (ICTs), biotechnology, and
advanced materials have Onfrastructural Ocharacteristics. They have penetrated
throughoutthe econony during the past 2-3 decades and have thusdramatically dtered
the basic meaning of high technology: rather than referring o the output of R& D-
intensve indudries, high tech nowrefers to astyle of work applicable to jug aoutany
budgness (Branscomb and Florida 1998; Porter 1998) The penetration of these so-called
genea purpose technologies Binformation technology in paticular Bhas gradudly
shifted thelocus of high technology piodudion from exclusvely manufacturing o a
combinaion of manufacturing and srvice indugries. Technology is rapidly trandorming
the naure of the produds of both sectors (Hauknes 1998;Leech, & a. 198; OECD
2000) We would, as aresult of widespread use, expect these technologiesto be
exchanged more widdy and frequently than others. A postive sign ofINFRA s
anticipated.

Appendix 3 provides additiond ddail regarding the condruction of certain variables.
Table 3 hows basic descriptive satistics for the variables.
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[TABLE 3 ABOUT HERE]

5. Results

5.1. Estimation

Estimation results for thedifferent types of license popubtions(ALLICENSE,
NONEXCLULICENSE EXCLULICENSE and CROSSLCENSE have been oollected in
Table4.?

[TABLE 4 ABOUT HERE]

We obtain the strongest results for dl licenses groupeal togeher and for
nonexclugve licenses (first two columns). The explanaory variables tend t maintain
thar sgns dze and sgnificance levels across these two modds. PATENT (and lags),
PRIOR LICENSE, GROWTH, INDUSTRY PATENT, and INFRA are found © be
important and statistically significant explanaory factors. COMPLEXITY hasthe
expected sgn butis not statistically significant for nonexclusve licenses.

Results differ somewhat in cross licenang. Now lagged vdues of PATENT,
LOGSALE, PRIOR LICENSE, and COMPLEXITY are datistically important and with
the expected dgns Results are weaker in the case of exclusve licenses where the only
statistically important explanaory variables are LOGSALE and COMPLEXITY. It must
be pointed outtha this licenang ategory has the smallest number of observationsof dl
three (alittle less 10%of thetotal, Table 1) with dmog onethird concentrated in the
sector of chemicals and dugs(SIC 28). Exclusve licenang is arguably a quite different

activity tha pemits the technology owner to sl only onee. Other factors, much more

8 Results are robust. Coefficients and degrees of statistical significance do not change much when the
models are run with the firm-level explanatory variables only (not shown here).
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strategic in naure and highly variable across cases, mug beimportant deerminants of
exclugve licendng.

Two explanaory variables, recent PATENT lagsand indugry concentration
(CONCENTRATION) do notseem to besignificant deerminants of the propensty to
license outtechnology. Onereason d thefailure of the latter is tha, as condructed hee,
indugry concentration is a very crudeproxy of produd/technology honogeneaty among

licensors.

5.2. Discussion

A numbe of important observationsarise in the econonetric results above We
discuss each of the three licenang ategories separately. The aggregate licenang ctegory
isomitted gnce it is very much doninaed by none&clusve licenses (more than 90%of
thetotal). Cross licensesis ahybrid activity and incorporates a nunber of both

noneclugve and exclusve licenses.

5.2.1. Nonexclusve licenses

The stock of technical knowledge as expected, was found b besgnificant for
selling technology @snequanon) Importantly, the results point at a potential U-shaped
structure of patent sock coefficients. The current paent sock is postive and vey
significant on te propensity to license out, asis the stock of several yearsin the past. In
between, the patent stock becomes less significant and even reverses sgn. We are not
familiar with extant empirical literature on licengng indicating such arelationship.

Prior involvement in licenang, induding managerial afinity to license and the
relevant experience tha comes with it is clearly very important in degermining incentives
to license out technology. This conaurs with boh thetheory in Section 2 and with plenty
of anecdotal evidence.

Indugry paent intengty Daproxy of the strength of the intellectud property
protection g/stem in theindudry Bhas astrong paitive effect on the propengty of afirm

to =l technology in anonexclusve manne. Patent intengty varies extengvely across

18



indugries according 1 the naure of the technology and history of busness practice. This
result aso conaurs with boh thetheory in Section 2 and with anecdotal evidence.

The rate of growth of the prindpd sector of thelicensor postively affects the
propendty of firms to license outthar technology. Licensees may create additiond
competition for theincumbent technology owners. The adverse effects of such
competition should beof lesser importance when theindudry grows fast, ceteris paibus

Sectors that can be classified as information and communication technologies
(ICTs), biotechnology, and advanced materials exert asignificant postive influence on
firms to license outtechnology. Such general purpose technologies have Gnfrastructural O
characteristics in the sense tha they find uers spread outacross the econamy. This
demand is relatively GafeQin the sense that the sale of technology will typically not
create additiond competition, husraising incentives to license out

5.2.2. Exclugve licenses

Technological/product complexity of the sector Bi.e., the degree to which new
produds tend o becomprised of numerous separately paentable elements or relatively
few Dis astatistically significant factor in this andysis influenang the decision ofa
technology owner to provide an exclusve license: the GimplerOthe technology is the
highe thetendency to engagein exclusve licenang.

Complexity is oneof thetrickier factors to explain and, yd, oneof the mog
important in explaining firm strategy relating © new technologies. As defined hee,
complexity has implicationsfor the enforceability of intellectud propety protection:
simple produds (even though poentialy very high tech) are typically associated with
easier protection (ower cods). Sectors like chemicals and phamaceuticals, for example,
have pasistently reported highe reliance on formal mechanisms of protecting IPR such
as paents than sectors like dectronics, computers, and mechinery (Levin €. d, 1987;
Cohen 4. d, 2002) Our daa bears out the expected negative relationship beéween the
degree of technological/produd complexity in asector and the propendty of afirm in tha

sector to | technology through eclusive licenses.’

° The expected negative sign persists also in the case of nonexclusive licenses but the statistical
significance of the estimator is low.
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As expected, snaler firms are more proneto sl ther technology through

exclugve license (onebuyer).

5.2.3. Goss licenses

The paent sock and rior licenang experience have smilar effects on goss
licenses to those on noneclusve licenses. An important difference beween the two
comes in indugry paent intengty Baproxy of the strength of theintellectual propety
protection g/stem in that indudry. Whereas indudry paent intendty has apostive effect
on the propendty of afirm to sl technology through nongclusve licenses, it has a
negdive effect (but not statistically significant) on thefirm@ willingness to engagein
cross licenang. This difference was fully anticipaed: anecdota evidence indicates that
firms use license swaps as a mechanism to ovecome the hazards of weak IPR protection.

Technological/product complexity of the sector has a postive effect on he
propendty to aoss license (in sharp contrast to its negative effect on exclusve licenang).
This was dso anticipaed on he basis of evidence tha in ctors like eectronics,
computers and office machines (which domnate our cross licenang obgrvations Table
1) therole of patents has been changing in more recent years from an | P protecting
ingrument to adrategic ingrument facilitating dels, exchanges, and dliances (Hall and
Ziedonis, 200)). If so, ore would expect firms in complex technology indugries to
engageextensvely in aoss licenang, urming it into amechanism for overcoming the
hazards of weak intellectud propaty protection (by areating aOnutud hostageOor
Onutud coopeationCGsituation of providing esch other@ technologies).

Prior licenang involvement and the size of the company dso have strong postive
effects on he company@ tendency to engagein aross licenang.

6. Conclusion
Scientific and technological knowledge have been argued to besubject to

significant complicationsrelated to indivisibilities, imperfect approprability, and
significant uncertainty that, arguably, inhibit markets to atain sodaly opimum
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outcomes (Lundvdl and Borras, 1999) Even 0, markets for technology have become
increasingly important in recent decades as phenomenalike increasing mmpetition
through gbbdization, acelerating rates of techndogical change outourcing and
collaborating hare become pavasive.

This pge has empirically investigated onetype of technology merket:
technology licenang. We have investigaed the incentives of companies to license out
thar technology across dl indugries with an extensve pand daa set describing such
arrangements involving pubicly traded companies in the United Sates tha were
announed duing the previousdecade (19901999.

It is shown that the behavior of acompany as atechnology licensor is affected
significantly by the characteristics of the company itself and ofits primary indugry. The
stock of technological knowledgeof the licensor, this company(@ prior exposure to
technology licenang, herate of growth of its primary indudry, the srength of the
intellectud propety protection regime in that indugry, and the nature of the technologies
of thelicensor (general purpose technologies) are found d beimportant deerminants of
the propengty to =il technology through nongclusve licenses. Theresults dso pont at
a possible U-shaped relationship baween recent socks of technological knowledgeand
company tendency to sl technology nonrexclusvely.

Smaller firmsin indugries with lesser technological/produd complexity tend o
sell ther technologies through exclugve licenses. Convesely, larger firms opeaating in
indugries with highe technological complexity engage relatively more than othersin
cross licenang. This gpparently reflects tha cross licenang otten ams at easing
complicated intellectud propaty hazards Incentives to engagein coss licenses are dso
affected ggnificantly by the prior expoaure to licenang by helicensor.

These results corroborate with received anecdotal evidence. The naural next step
would beto dso incorporate the characteristics of the licensees and of ther indugries as
well as a set of variables describing therelationship baween licensor and licensee. Such
an extensgon will require a different empirical modd adtogeher, posibly oneexamining
pairs of licensor-licensee. The advantage of the current approach is that it can focuson
thevariousfactors tha affect thedecision ofafirm to sl technology, rather than bang

confined to therelationship baween pars of organizations
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Appendix 1

Equilibrium profit
Each firm producing with vaiety i (either technology owner or licensee) maximizes (2)
in the produd market: The first order condition is given by:

1m2x" 1 ox " #l (x +1 x)) =0. (A.1)

k N"i 3

Imposng symmetry across firms usng same technology, and by alding and subtracting

“(x +1 x), weobtain:
ki

1" 2x%" kx " "1 (x;+1 %)) +1(x +kx)=0, A.2)
K.

1 177
N J

from which

1" @L+K,)x,
N

X = , (A.3)
" 1)+@" 1k
Now, multiply both Sdesby ! (1+k;) and simup aross dl varietiesto obsin:
1+k.
| " (L+k,)x, = §1 )( @+ k)X, vark) (A.4)
N Y%~ \ "4 (2-v)+(1-v)K

Subdituting (A.4) into (A.3) produces the Nash equilibrium quantity produced by each
firm produang vaiety i:

1

)@+k)
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))+@1)k 6
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Whe.e k-I = (kll k2| E ] ki-ll K‘Fl) El kn)-
Then, aubditution of (A.5) in (1) and then (2) dlows to compute the equilibrium profit a

the produd market for each firm usng technology i as follows:
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a+k) 8

. .6
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Appendix 2

Proof of existence and gability of equilibrium.

Let@ddine $ (k,”,F,r,/ ,N)#V,(k,",F,r,/ ,N), evaluated & symmetric equilibria
k. =k and k,; =k. Then we canwrite ! (k) = g(k) f (k), where f (k) isquaraticink,

L+ @+Ka+ (N D)]°
(2" 1) +(@L" 1)k

with g, <0, and f (k) = > 0. Notice that the set of symmetric

equilibriaisthesolutionof ! (k) =T, and gability requirestha ! (k) <O0. Let k, and
k, bethetwo roots of g(k) =0, with k, > k;. Snce g(k) <0 aany k >k, and f (k)
>0,! (k) <O. Letfirst" (0)!' T >0, then k, >0and snce! (k) <0 forany k > k,.
Nowlet " (0)! T <O then k=0, which is the symmetric equilibrium where no firm
license. Therefore, there exist a least onestable Nash equilibrium.

Appendix 3

Variables
PATENT. Frm@ paent stock is calculated usng the following formula:
PATENT = I;; + (1-") PATENTL,
where |;; is the number of paent granted to thefirm by U.S. Patent Office in apaticular
year from 1968 b 1999, ad " is the depreciation rate which is taken to be15% We
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assume theinitial paent sock is zero. Snce we have daa between 196801999, he

assumption ove initial ssock makes no practical difference.
LOGSALE. Log offirm@ sales anount is extracted from CompuStat.

CONCENTRATION. The4-firm concentration ratio is used (U.S. Census Bureau, 1992)
Concentration ratios were unavailable for SIC 1-19. Small nunbers of companiesin
those sectors were dropped.

GROWTH. Percent changeof GDP, 8{?DR E)SDPW $I 100, where GDP is Real Gross
t(1 #
Domestic Produd by two digit indugry in 1996 ddars (billiong (Bureau of Econonic

Andysis).

INDUSTRY PATENT. Total nunber of paentsin afirm@ primary two digit SIC
indugry divided by otal R&D expenditures in tha indugry. Both nunbers are
congructed by aygregating ove firms in CompuSat (net of firm@ own patents and
R&D).

INFRA. The daabase CorpTech (Corporate Technologies,1999)classifies indugries by

fundiond sector (e.g., energy, biotechnology, alvanced materias) aswell as by SC and
maps oneinto the other. We use these classifications
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Table 1. Total Number of Licenses Granted in Sample, by Indugry, 19961999

Industry | All Nonexclusive Exclusive Cross

b Licenses® Licenses Licenses Licenses”

SIC73 | 407 (235% |398 (25.00) |9 6.7%) 27 (14.1%)
SIC36 | 344 (19.9% |330 (20.P6) |14 (L0.4%) 69 (35.9%)
SIC28 | 325 (18.8%9 |273 (17.1%) |52 (38.8%) 31 (16.1%)
SIC35 |242 (14.06) |235 (4.76) |7 6.2%) 38 (L9.9%)
SIC38 |123 (7.199 | 106 (6.6% 17 (12.7%6) 13 (6.8%)
SIC87 |58 (34% |47 Q.9%) 11 8.2% 1 0.5%)
SIC37 |33 (L.9% |29 (L&%) 4 0.9%) 4 QA%)
SIC48 |30 (L1799 |27 (L.7%) 3 (2.2% 5 (2.6%
SIC23 |22 (13% |19 (1.2%) 3 2% 0 0%

SIC20 |19 (L.1%) |18 (L.1% 1 0.7%) 1 0.5%)
Othas | 126 (7.3%) | 113 (7.1%) 13 (9.7%) 3 (LO%)
Total 1729(100% | 1,595 (L00% 134 (L00% 192 (L00%

2 Point-to-point tabulation. A license from one firm to another is counted as one deal. A license of onefirm
to two othersis counted as two deals. And so forth.

b SIC 73=Business Services; SIC 36=Electronic & Other Electronic Equipment; SIC 28=Chemicals; SIC
35=Industrial Machinery & Equipment; SIC 38=Instruments & Related Products; SIC 87=Engineering
and Management Services; SIC 37=Transport; SIC 48=Communications; SIC 23=Textiles; SIC
20=Food; Othersinclude SIC 22, 24, 25, 26, 27, 29, 30, 31, 32, 33, 34, 39, 49, 50, 51, 59, 67, 78, 79, 80.

¢ Sum of exclusive and nonexclusive licenses. It includes cross licenses.

9 Cross licenses may be either nonexclusive or exclusive.
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Table 2. Total Number of Licenses Granted in Sample, By Firm, 19961999

Number of All Licenses Granted” | Number of Firms Percent
0 264 28.35
1 363 38.99
2 117 12.56
3 66 7.09
4 38 4.08
5 28 3.01
6 6 0.65
7 10 1.07
8 9 0.97
9 5 0.54
10 2 0.21
11 5 0.54
12 4 0.43
13 1 0.11
14 1 0.11
15 1 0.11
16 1 0.11
17 1 0.11
18 1 0.11
20 1 0.11
23 2 0.21
26 2 0.21
28 2 0.21
29 1 0.11
Total 931 100.00

& Point-to-point tabulation. A license from one firm to another is counted as one deal. A license of onefirm
to two othersis counted as two deals. A license of one firm to three othersis counted as three deals. And
so forth.

® |ncludes nonexclusive, exclusive, and cross licenses.
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Table 3. Descriptive Statistics of Variables

Variable Mean Std. Dev. Min M ax.
<Dependent Variables>

(i) ALLICENSE .186 543 0 10
(i’NONEXCLULICENSE | .171 528 0 10

(iii) EXCLULICENSE 014 121 0 2

(iv) CROSSLICENSE .021 157 0 4
<Independent Variables>

PATENT 88.37 453.60 0 6208.346
PATENT-1 81.83 426.86 0 5584.308
PATENT-2 76.50 404.42 0 5565.567
PATENT-3 72.33 386.38 0 5488.732
PATENT-4 68.68 368.90 0 5406.55
LOGSALE 2.167 1.318 -2.699 5.292
PRIOR LICENSE .296 456 0 1
CONCENTRATION 34.28 16.27 1 90
GROWTH 5.819 7.524 -47.27 203.9
INDUSTRY PATENT 516 2.089 .034 40.322
COMPLEXITY 723 447 0 1

INFRA 941 498 0 1
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Table 4. RandomEffects Negaive Binomal Estimation: dl licenses groupe togeher,

induding noneclusive licenses, exclusive licenses, and aoss licenses

Variables ALLICENSE | NONEXCLU | EXCLU CROSS
LICENSE LICENSE LICENSE
PATENT 0014 0015~ -.0021 0012
(.0005 (.0009 (.0029 (.0012)
PATENT-1 .0011 .0011 -.0001 .0016
(.0013 (.0013 (.0062) (.0026
PATENT-2 -.0013 -.0014 .0041 -.0009
(.0019) (.001)) (.0060 (.0024
PATENT-3 -.0025* -.0024 -.0027 -.0045
(.0014) (.0019 (.006D) (.0026)
PATENT-4 0015 0015 .0011 .0029*
(.0009 (.0009 (.0033) (.0016
LOGSALE 0148 0245 -1377 3111%
(.0337) (.0355 (.0779 (.088))
PRIOR 2357+ 3063 -.0185 5776
LICENSE (.0757) (.0789) (.2064 (.2033
CONCENTRATION | .0035 .0037 -1.00e05 0043
(.0027) (.0029 (.0062) (.0065
GROWTH 0114 0113+ .0058 .0066
(.0019 (.0018) (.0127) (.0076
INDUSTRY PATENT | .2047* 3222 -.0814 -.8209
(.0964 (.1023 (1113 (.5153
COMPLEXITY -.0063 -.0021 -.8670* 4946
(.0184) (.0185 (.2038) (.2453
INFRA 4227 4357 1910 1756
(.0902 (.0949 (.2199 (2142
Constant 7947+ 4653 11.52 -1.413
(.3540) (.3445 (350.59 (.9444
N 9310 9310 9310 9310
L og-Likelihood -3576.371 -3355.879 -575.760 -730.407

** ggnificant at 5%; * significant at 10%; Standard errors are in parentheses.
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