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Abstract

This paper analyzes pure-revenue technology liognsivhere licensors solely seek
obtaining royalties. Since strategic concerns afe dside, the licensing decision is
mainly driven by the features of the innovationsurCaim is to identify such

characteristics. We use the NBER Patent Citatiordaliase to explore different
dimensions of the patented technologies presegetiicom, a marketplace likely to

capture pure-revenue transactions. Our findingatpmit that these technologies differ
from the mean technology of the licensor's pordoivith respect to importance,
innovativeness, scope, complementarity and fit theofirm’s core. Results increase our

awareness on the drivers of technology licensimisamns.



1. INTRODUCTION

When a firm comes up with a new technology, betrg mew process or product, she
will try to prevent its leakage to competitors irder to be able to enjoy a monopoly
position. This protection is achieved by differeméans (Cohen et. al, 2000): secrecy
and intellectual property protection are the twér@xes of a continuum of options. If

such protection is effective, she will indeed exptbe monopoly position either by

herself or through another party. The latter cas®is when she has no capabilities or
abilities to exploit the technology efficiently astie either sells the technology or the

rights to use it, i.e. she licenses.

Licensing is the way of life of some science-bafiads, which sell in the market for
technology instead of the market for final produckss well, firms that have
development capabilities, may license out as amradtive to in-house development or a
by-product of it. In the latter case, licensing awh development may take place in the
same or a distinct geographical or product matkieensing in the same market implies
the introduction of competition and the subseqosion of monopoly profits, being
only rational under strategic groufids$n these circumstances, the licensing decision
must be evaluated in the framework of the firmtstyg (Fosfuri, 2004). Leaving apart
these strategic cases, licensing offers the pdisgibd obtain direct revenues from
technologies only exploited in some markets orexgioited at all by the patentholder,
as the management literature has recently pointe@Rivette & Kline, 2000). In such

cases, whereas the licensing strategy is undoybteat of the firm strategy, the

! Arora et al. (2001) and Arora and Fosfuri (20QR)gest strategic reasons that can motivate licgngin
establish a technology standard, to expand quimktp limit the effect of competing technologies.



decision to license each particular technologyofedl then a transaction-based approach

(Williamson, 1991).

In this paper, we use the transaction costs apprtmanalyse the licensing decisions
not motivated by strategic means of firms with degment capabilities. In particular,
our aim is to characterize the type of technologines firms license in order to obtain
extra revenues out from their technological poitfoln order to achieve this objective,
we rely on a sample of firms that decide to licessene of their innovations in a
technology marketplace that can be assumed, gteetharacteristics, to capture non-

strategic licensing or, as we will putpire revenue licensing.

Research on markets for technology has mainly featus strategic licensing. The
characteristics of the markets that vehiculateghremsactions and the firm’s incentives
to license have been the main topics analyzed éAatral, 2001). On the contrary,
literature has not paid attentiongore revenue licensing, partially because such type of
licensing has not been prevalent at all in thetesgna of technology-based firms. This
trend seems to reverse. Rivette and Kline (2000¢ handerlined the potential of this
type of licensing by looking at some figures. Thaaw attention to the fact that a
considerable amount of firms have more than oné i underused technology assets
that might be profitable in other hands. The po#nid find alternative uses for some
existing technologies is backed by facts such as the iserganterdisciplinarity of
technologies across sectors (Elton and Voyzey, R082 the amount of new

technologies that are just a recombination of axgsbnes.



The analysis of licensing practices is relevanifi@ firm perspective as well as from a
public policy perspective. Given that research guty are extremely costly and risky,
markets for technology can provide a two-fold adage to technology intensive firms.
On the private side, licensing allows firms to extrmore revenues out from their
costly research projects. From the social pointiedv, licensing enables firms to profit
from technical solutions attained by others, redgdhe bulk of duplicative inventive
activity. Pure revenue licensing can contributenvatrelevant share to the development

of the market for technology and to the minimizated the existing inefficiencies.

In this paper, we observe a marketplace for tedgylthat is likely to capture pure
revenue licensing transactions: an Internet-basedketplace for technology. We
examine the innovations that firms in the Chemaad Biotechnology sector offer for
license or sell in this marketplace. Our aim iskplore the type of technologies that
firms consider suitable for pure revenue licensihg.particular, we estimate how
different dimensions that characterize an innovatio the firm's portfolio affect the

likelihood that it is licensed with this purposehid is the first study that analyses
licensing practices from this perspective. Thisrapph is specially suitable for the
study of pure-revenue licensing, where the decisiothe firm is mainly driven by the

features of the innovations. Put in another wag thotivations that lead firms to
license for pure revenue reasons are largely teflein the characteristics of the
innovations chosen. Therefore, the availability d#ta at the technology level is
particularly valuable in the study of this typelicEnsing. We focus on patent intensive
sectors, where we can rely on patent informatiochi@racterize individual innovations.

Hence, the contribution of this paper is not owlyshed light on pure revenue licensing



but to do it using a new methodology in the analyd licensing practices, that is,

linking the characteristics of an innovation witie fikelihood of being licensed.

The paper is organized as follows. Next sectioreligs the theoretical background and
the following, the hypotheses. In the fourth sectiwe explain the methodology used.

The fifth section presents the empirical resulid #re sixth concludes.

2. MARKETSFOR TECHNOLOGY

2.1. Traditional Marketsfor Technology

Arora et al (2001) describe the Market for Techgglas the markets for the exchange
of intermediate technological inputs. Given therabteristics of the market and the
characteristics of the assets transacted, the Mé&kel'echnology is characterized by
many transaction costs. Such costs are definetleasasts derived from coordination
between the partners of the transaction and thegnpial opportunism, known in the
transaction costs literature asoordination and motivation costs respectively.
Coordination costs arise from the fragmentatioms€isectors and geographical regions
(Arora et al, 2001), that makes prohibitively cpstéchnology transactions between
partners of different regions or sectors. Technpldgansactions are particularly
vulnerable to motivation costs, originated by oppoistic behaviour. For one reason,
the asset object of the transaction, knowledgef & specially complex and intangible
character. The context dependence of knowledge snakedifficult to transfer
technologies outside of the particular domain —feund application- where they are
developed for (Arora et al, 2001). This problemrpkas when knowledge is more tacit

and less codified, since, in such cases, informatissymmetries and uncertainty are



higher. Asymmetric information affects both licensand licensee. The potential
licensee is concerned about the value of the tdagp@nd the licensor’s willingness to
transfer the know-how. The potential licensor is\@@ned about the ability of the
licensee to exploit the technology. As well, sheesaabout moral hazard problems that
can arise from information disclosure. Disclosui@yrmduce the licensee not to pay for
using the technology once he has learnt the infoomaOr, even if he does not act
opportunistically during the contract, he may these the information he learnt to
compete later with the patent holder in the tecbgwlmarket or in the final market
(through imitation, for instance), especially whiéme boundaries of patents are not
clear-cut. Moreover, licensing increases the dmgale of the technology. All these
concerns are reflected in the costly negotiation térms of money and time) of

licensing contracts and in the high percentagesaf dbortions.

Technology transactions would be more efficientht® extent that the mentioned costs
could be reduced. One means to reduce motivatists ¢ intellectual property rights
protection (Arora, 1995), that is, to patent thehtelogy object of the transaction.
Firms used to transact with technology —patenteabtr rely as well on contractual and
institutional responses such as long-term or repeabntracting reputation building
(Arora et al, 2001), the use of middlerersr patent pools (Merges, 1996). These
mechanisms, however, are only effective in settiofysepeated interactions such as
sectorial and geographical networks of relationshiat allow to build up reputation or
to apply credible threats to punish opportunistehdvior. As a consequence, the

minimization of transaction costs comes at a ptitat is the restriction of the market to

2 Anand and Khanna (2000) report that 30% of thenliing deals are signed between firms having prior
relationships.

® The agents in the 19h century (Lamoreaux and Sdkdi888), the nowadays consultant firms or the
Specialized Engineering Firms (SEFs) in Chemicals.



the firms that are part of the mentioned netwoHksNs outside them are left out of the

market, since transacting with them is much castlie

In strategic licensing, it is worth to pay tlugce in order to minimize motivation costs.
In this case, the technology holder is very conegrabout controlling the licensee’s
ability and incentives to exploit the technologynce it is a key piece of the firm
strategy. Moreover, strategic reasons usually weséirms within the boundaries of the
own sector and region. On the contrary, in puremee licensingthe main concern for
the technology holder is to find a potential liceagather than controlling potential
opportunism. However, attractive targets as liceager pure revenue licensing, such as
firms from a different sector, region or markethac small firms or start-ups, do not
typically form part of the established networks amd very difficult to reach through
traditional technology markets. Therefore, therrets¢e set-up that characterizes these
markets for technology poses an important drawbtckpure revenue licensing

transactions.

Consequently, pure revenue licensing would be meffeciently captured by a

marketplace which main focus was to reduce cootidin@osts between the technology
holder and suitable licensees for this kind of $eations. Motivation costs, even though
not so stringent as in strategic licensing, showtlbe misconsidered in order to assure
that potential deals are feasible. Markets for hietdgy did not shelter a marketplace
with these characteristics up to now. However, thternet offered recently an

opportunity to build it. The Internet appeared e hineties as a platform to reduce
coordination costs in many markets, included bussirte-business markets (Garicano

and Kaplan, 2001), thanks to the easy and lowastss all over the world.



2.2. Thelnternet Market for Technology

The Internet offered the possibility to provide thearket for technology with a

marketplace where the costs of searching for piaielitensees and technologies were
virtually absent. By 2000, some websites were eckatith the aim to capture partners
and technology transactions left apart in tradaldndustry licensing networks. Each of

them targeted a different niche of the technologyket, with litte success

We focus onyet2.com, one of the websites devoted to technology tranefe the
Internet that relatively succeeded to build a mignlleee for technology. It was born
from frustrations in the licensing of innovationsaoformer executive at Du Pont. The
aim was to create a supra-regional and supra-sactorarketplace for patented
technologies, based on the negligible cost of acteshe marketplace for potential
partners. The other important feature of the matket was transparency in the display
of informatiorr. yet2.com built upon well known research intensive corpamasi as
suppliers of patent protected technologies. Thisuie and the fee structure establi$hed
help to alleviate the adverse selection probleras pbtential licensees could otherwise
face. However, no mechanism protected technologgleh® in front of potential

opportunism by licensees. This is the reason whasgeime that patent holders will use

* Actually, many of the websites did not surviveoad time. The ones that did, report a very low odte
deals signedThese ardelphion, a spin-off of IBM born to facilitate the licengjrof IBM technologies,
yet2.com, founded by a DuPont executive atathex.com, born from Yale University in order to
commercialize university patents.

® Transparency is achieved by a more extensive anatae description of the uses of the technology,
beyond what is provided in the patent document, amdassification of the technologies according to
their potential applications. This information (jbiwith the notice of being for license) differenéa
these databases from the patent databases (mgitiig Patent Offices) available on-line.

® Site revenues come from access fees and a sufeeesser realized transactions. Patent holdeisdist
technologies have to pay to do it. Searchers ¢in@logies can search for free but they must paydier

to contact the owner of the technology.



this market only for transactions that do not dnta@aningful motivation costs. As
previously argued, this would be the case of lieesnmotivated by pure financial
reasons. Thereforeyet2.com provides us with an opportunity to observe the
responsiveness of firms to a change in transacists with respect to their licensing
practices. Indeed, we can observe the technolegiese owners are willing to license
in a set-up with negligible coordination costs gratentially huge motivation costs.
This “experiment” sheds light on the motivationattinduce firms to license for pure
revenue reasons. Results will contribute to a deepeéerstanding of this unknown
parcel of the management of innovation at firmenfan aggregate perspective, results
will as well provide evidence on whether a market pure-revenue licensing has

potential to be developed and, in such case, howght to be designed efficiently.

3. HYPOTHESES

Since pure-revenue licensing decisions are nottegfically motivated, we can

essentially consider them technology-based choitbsn, the characteristics of the
innovation have a direct effect on the adoptiontlid development strategy. We
hypothesize then that technologies that firms detwothis purpose should present some

differential attributes across firms and strategies

Technologies can be characterized along differenedsions that reflect aspects such
as the quality or the type of innovative contribatithey embody. As well, we can
describe them with respect to the rest of the rtathnologies and knowledge. To sum
up, we can characterize an innovation alomgportance, radicalness, scope,

complementarity andfit, dimensions that can affect the likelihood thas iicensed for

10



pure revenue purposes. In this section, we devélephypotheses that link these
characteristics with the mentioned likelihood. Téds/potheses refer to established
firms, with research and commercialization captédi in a sector with an active
traditional market for technology such as the cloaiiThese characteristics guarantee
that they have different options available in orteexploit their technologies, which

range from in-house development to different licegstrategies.

One of the most significant dimensions of an intiovais itsimportance, that is, the
relevance it acquires into the scientific communi§ome research using patent
protected technologies shows that scientific vakieositively correlated with the
private value of the innovation, which translatatoieconomic value for the patent
holder (Harhoff et al., 1999; Hall et al. 2000). Sequently, the firm has stronger
incentives to protect important patents. This ieglieverything else equal, that the firm
is more reluctant to license an innovation the morportant it is (Katz and Shapiro,
1985). The reason lies on the high motivation cts$ such innovations anticipate in
case of license. On the one hand, the incentivesrigsappropriation by potential
licensees or competitors increase when the prizdooig it increases. On the other
hand, the cost the patentholder should bear in casa@sbehaviour of the licensee or
leakage of information increases with the sciemtfalue of the innovation. These
situations are especially acute when there is sdtiional mechanism to control the
licensee, as it happens in pure-revenue licensmguch case, even if the leakage of
information would occur in another market or regigncould damage the firm in its
original market as well. Therefore, it is not likghat important innovations are subject

to pure revenue licensing.

11



Innovative or radical innovations, as their name suggestesgmt a breakthrough with
respect to previous technologies. For an estaldigine, the implementation of such
innovations means a rupture with the traditionak liof the firm. Not only existing
assets and capabilities are useless to undertake Bt their introduction may also
destroy existing business of the firm -through reamannibalizatiof. Entrants, with
no developed skills or markets, are more likelyntooduce radical innovations whereas
incumbents prefer to implement marginal improversenf existing technologies
(Henderson, 1993). Shane (2001) finds that entnejoms are more likely to pick up
more innovative patents in order to set up a new.flrhese findings suggest interesting
implications for the evaluation of licensing praes involving innovative technologies.
Since an established firm is likely to discard thiem exploitation, she may consider
licensing as a means to obtain profits from theroweler, she will rule out this
possibility if there is risk of market cannibalimat. Only if the innovation falls (or it
can be used) far away from the firm’s core, whérs tisk mitigates, the patent holder

will be willing to license the innovation.

Scope, or broadness, is a dimension that refers to the technologigadce the

innovation covers. If the technology is patent gobed, scope is the technological area
the patent protects from infringem&nActually, scope is an intrinsic feature of the
innovation —given by characteristics such as basinthat is also determined by how

inventors -or their lawyers- “design” then the peife.e. by the legal description of the

" In the adoption of an incremental innovation, fia is likely to replace the old technology foethew
one, eliminating therefore the potential cannitzian. On the contrary, if she adopts a radical
innovation, it is too risky to abandon the old teclogy. Therefore, the two technologies coexisthlie
subsequent potential for cannibalization.

8 The broader the scope, the larger the number @nfiat products that will infringe the patent, as
Merges and Nelson (1990) put it.

12



innovatiorf. Firms have incentives to maximize thegal scope because it maximizes
the legal protection around the innovation. Fortanse, Shane (2001) finds that
broadness confers an extra protection that is esdjyewaluable to entrepreneurs
meanwhile they acquire the assets they need tdafetiee technologies. Lerner (1994)
finds that broader patents protect more importanentions®. Whereas both findings
suggest that broadness is associated with protedtie causality between protection
and value is not cledr Nevertheless, this strong legal protection is saered
worthwhile in licensing transactions (Arora and Gamdella, 1994 and Anand and
Khanna, 2000), especially when the risks involvedease, such as in pure-revenue
licensing. Scope is not only related to protectout also to the number of potential
applications that can be developed from the tedgyol First, the more generic a
technology is, the more products can be potentidéyived from it Second,the
coverage of a broader technological space offerse npmssibilities to develop the
innovation protected from competition. The widdsttechnological area, the higher the
likelihood that the patent holder is not presentirderested strategically in all the
applications protected by the property right. Tlaist opens the door to pure-revenue
licensing. Therefore, the extra protection andraigeiplinarity of a broad innovation
turn more likely that a broad innovation is licethsnd, in particular, that it is licensed

for pure revenue purposes.

° Legal broadness is achieved by a generic descriptiotheftechnology, in a way that the patent
protection builds a wall around the particular malbgy of interest. Of course, Patent Office exarsn
are then the responsible to accept or refuse theniion as described, controlling the incentive$irofis

to design broader patents.

' He finds that broader biotechnology patents areerfikely to be cited and litigated (two measurssdi

to proxy for importance) and firms holding them eiee larger valuations in the venture capital
investment process.

1 The first case suggests that broadness conferst@nvalue to the innovation whereas in the seciind,
is @ mean to protect a valuable innovation.

2 Think, for instance, of a basic innovation suclthaslaser, that has a huge variety of uses.
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Complementary innovations denote technologies that result fromesearch process
characterized by the combination of different typ#sknow-how. The higher the
number of knowledge sources that take part in #s®arch process, the higher the
degree of complementarity of the innovation. Théstexce of multiple sources of
knowledge is relevant from the perspective of tlamdfer of information, especially
when knowledge moves outside the firm as in thee aafslicensing. Usually, this
knowledge is only embodied partially in blueprirfs;t that requires the involvement of
the creators of the innovation in the technologysfer process. In fact, this is a critical
step in licensing deals. The degree of complemiytaf the innovation plays an
important role in this phase, since coordinatiorsteancrease with the number of
information sources. This is a drawback for theeptal licensee that may cause a deal
abortion. Anticipating it, the technology holder ynée reluctant to license such
innovations. This fact will be especially true immstrategic licensing, where the
technology holder has few incentives and mechanisntevote resources in order to

overcome this problem.

Strategic fit is the degree to which the innovation fits into tteee activities of the

firm. It is widely known that established firms aep organisational and technical
capabilities associated with their core. As a tedhey are much more efficient to
exploit opportunities within these boundaries tloatside them. This is the reason why
an innovation that fits the firm’s complementargeds is more likely to be developed
by the firm. Licensing is less likely, due to thighnrisks that the disclosure of core
information involves -except if it obeys to strategeasons-. Conversely, innovations
that fall out of the firm’s core are more likely temain unexploited by the firm, leaving

the door opened to licensing for pure-revenue Bepo

14



4. EMPIRICAL MODEL

We would like to estimate the probability that &egi patented innovation is licensed
for revenue purposes. Each observation represepdseat. The outcome variable is a
binary dependent variable that captures the decisyothe firm whether or not to offer

a patent for pure revenue licensihgVe should therefore use a discrete choice model

with the following specification for patepin firm i:

Y =BX, +¢ ta, wher%Yij =g Yi" >0 j=12,..N . i=1.2,..1

Y, =0 Yi<0
where Vij denotes the unobservable propensity that it enBed for revenue purposes,
X is a vector of patent-varying exogenous variablgess the unobservable error term
and a,is a variable that captures the firm specific umobsd effects. Therefore, we
assume that the incidence of pure revenue licensingly observed when the patent’s

propensity to be licensed for such purposes istgrélaan a threshold equal to zero. The

a,variable should be introduced to the model giveat tive can not assume

independence on the error terms. Since there ang paents in the sample owned by a
given firmi, each firm represents a cluster of correlated reasiens. The dilemma is

whethera, should be treated just as a constant term ovesf{fixed effects model) or

as a random variable just like the error term (cemeffects model). The latter approach

obtains more efficient estimates but it requires #ssumption that ther ‘s are

independent of the )s if our estimates are to be consistent. The Hamstast allows
testing this assumption (Maddala, 1993). We dofmat conclusive evidence for the
rejection of the null hypothesis of consistencytled random effects model. Moreover,

we are interested in including some firm-invarigatiables (2 such as the size of the

'3 Note that zeros include either strategic licensavgn development or no use.
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firms’ patent portfolio. In this case, if we usdtetfixed effects model we could not

estimate their parameterg ), becausea, captures the effect of all the firm-invariant

variables. Therefore, we treat as random. The specification is as follows:

Y =a, +:3'xij +y2i +£ij
The probit model is the most appropriate discréigiae technique to estimate it. The
multivariate normal distribution in which it is e upon is more flexible than the

multivariate logistic distribution (Maddala, 1993)herefore, we use a probit random

effects model.

5. DATA AND MEASURES

The data we use comes from two sources. Firstdemtify firms* being customers at
yet2.com, the main website devoted to the transfer of pateméchnologies between
firms at the time of data collection. For thesenr we collect data on the patents that
they offer on this Internet marketplace. We assuhaz each patent proxies for an
innovatiort>. We restrict our attention to firms that offer awations under the
categories o€Chemicals andBiotechnology that also fall in these categories according to
the United States Patent Office (USPTO) classificat. We end up with 905 patents

granted to 89 different firms. Second, we use tlRER Patent Citations Data File

*We do not take into account governmental agermwiessearch institutes, since they may have other
motivations to license than firms with developmeapacities.

' This assumption implies that we take for granted time innovation is protected by one patent. This i
not necessarily the case: the number of patentetivar an innovation depends mainly on the segtsr.
Cohen et al (2000) point out, in chemicals a tetdgyis protected by a few number of patents winile
electronics, for instance, the number can reacldtadas. Even though data is availablget?.com at the
innovation level, we are not able to use this imfation for practical reasons in our empirical asely-
we can only build a control group at the patentrimitat the innovation level-.

® The USPTO assigns the patents to a primary and senmndary patent classes. Hall et al (2001) have
established a correspondence between classesdmsdrial sectors. We use the primary class of anpat
in order to assign its correspondence to an indilisector.
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(Hall, Jaffe & Trajtenberg, 2001) to identify theopulation of chemical and

biotechnology patents granted from 1982 to 1993heyUSPTO to this set of patent
active firms. From the population of patents that@ot present in the Internet licensing
marketplace, we draw a 10% random sample (8364nadis@ns) that composes the
control group’. The NBER database contains very useful informagiothe patent level

-application year, granted year, primary sectomiper of citations made and received,
and other primary and constructed variables-, tat use to characterize the

innovations.

5.1. Variables

The dependent variable reflects whether the patent is offered in therime licensing
marketplace. We use patents to proxy for innovatiétatents are coded 1 if identified
as being offered iyet2.com and O otherwise. The observations coded zero sumo u
8364 and represent the control group. There aredd@®&rvations coded as 1, which
represents approximately ten percent of the t&dlevant explanatory variables are

described next.

Recent literature has suggested as proxyirgrortance the number of citations a
patent receives from subsequent patents. When inventors patené sonovation, they
must cite the previous inventions their innovatiomlds upon. Therefore, citations
received from subsequent patents reflect the darttan to science of a given patent

(see Jaffe et. al 2000 for evidence from a surv@ifferent authors have tested the link

" The population that constitutes the comparison gums up to 61000 patents. Random sampling is
used in empirical works (Hu, 2003) involving compan between different patent groups. Alternatiyely
matching samples are also used (Trajtenberg e9a2)1

17



between this proxy and different measures of valueh as social value (Trajtenberg,
1990), stockmarket value (Hall et al., 2000) or owercial value of the innovation as
perceived by the patentholder (Harhoff et al., )99Citations present a practical
problem: since data is truncated at a certain pnitime, patents granted closer to this
truncation data have a shorter time span to receitaions®. In order to remove

variance due to truncation, we standardize the dsitag the method proposed by Hall

et al. (2001%. Alternatively, we simply introduce year dumndies

We measure the degreeinhovativeness with the amount o€itations the patenmade

to previous patents. The lower the number of ctaimade, the less derivative in
nature the patent is, i.e. the less it builds ugwmavious research (Lanjouw &
Schankerman, 1999) and the more innovative it Gamcdnsidered. We can as well
proxy innovativeness byoriginality, a Herfindhal-like index that measures the
concentration of citations across patent clasgestdtions are spread across different
classes, the invention is not a mere sequentiaiviton but it “breaks molds” (Hall et
al, 2001). In order to measure innovativeness withe firm, we can use the percentage
of citations made to previous patents by the same the self-citations made, with
respect to the total number of citations the pateakes. A low percentage indicates

that the innovation represents a new step in tbeareh line of the firm.

There have been different attempts to meascwpe. The most widely used (Lerner,

1994; Shane, 2001; Reitzig, 2001) is the numberatént classes a patent is assigned

18 A patent receives only 50% of its citations in yexars from its granted date (Hall et al, 2001)

' This method consists in standardising the citati@teived by year and sector. As the mentioned
authors warn, this method also removes variancetdueal effects. We believe, however, that this

problem is actually negligible if we work with aayp of patents from the same sector (chemicals and
biotech) with a quite homogeneous citation pattern.

20 Shane(2001) uses also this method. Henderson €it98B), for instance, use the standardization

method.

18



to, as a proxy for the number of potential sectdractivity in which the patent can be
applicable. Instead, we use a Herfindhal-type cotma&on index of citations received
across patent classegenerality”’, as suggested by Trajtenberg et al (1992). They
suggest that the spread of citations received acct@sses proxies the technological
space the patent actually covers. Therefore, thhehithe generality, the higher the
scope. An alternative measure suggested by Lan@uschankerman (1999) that we
use is the number aflaims, the sentences that describe an invention. Theybean
interpreted as “units of invention” (Jaffe, Hall Brajtenberg, 1999) and the higher its

number, the broader the technological space cofered

We measure the degree afmplementarity of an innovation through theumber of
inventors that participate on it. Teams of inventors areardgd as a key mean for
knowledge exchange (Breschi et al, 2002). Theref@reo-authored innovation is the

result from the interaction between different sesrof complementary know-how.

We measuretrategic fit throughself-citations received. Self-citations refer to citations
received from patents owned by the same firm. halfg with citations received, self-
citations received reflect the importance of theowation within the firm. The more the
research of the firm builds upon a certain innaraby the same firm, the more likely it
is a key technology. An alternative measure wetasassess the fit of a patent in the
strategy of the firm is the relative weight of patent class in her patent portfolio.

Following Song et al (2003), we construct a dumnayiable, core, that captures

2 Generality | :1—2:’ s, » Where st = percentage of citations received by patgnthat belong to

patent clask out of n patent classes

“2 Reitzig (2001) suggests that this measure canidfdyhendogenous, since the firm decides how to
break down the actual blocks of invention. Howefiem discretion is constrained to a great extentie
type of technology and by Patent Office examiners.
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whether the patent class of the innovation coircidih the highest frequent classes in

the firm’s portfolid®,

We use the following control variables: size, dsificatior, time and technological
category. These characteristics may affect the'dirdecision related to licensing as
well as the characteristics of her patents andviations.Size is meant to control for
experience in managing intellectual property, asdestraditional licensing networks
and bargaining power in licensing negotiations. hiast appropriate measure in this
setting ispatent portfolio, the number of patents granted by the USPTO toitheih
the previous years (1982-1999)Diversification means potentially more
interdisciplinary innovations, opportunities to &ip them and accessible licensing
networks. In order to determine the degree of difieation of a firm, we compute the
measure proposed in Davis et al. (1984The time control is required because all
citations or citation-related variables are tim@ealedent. We use thegpplication year

of the patent. Finally, we control foechnological category because the majority of the
independent variables vary with technological fieléchnological categories are built

upon patent classes (Hall et al., 2001).

Table 1 presents a summary of the variables. Note thatliffierent proposed proxies
for some of the latent variables capture differ¢imensions of theM. We report in

Table 2 the descriptive statistics for the set of patent data that we will mainly use

23 We consider them as the patent classes that esypiremre than a 10% of the firm’s portfolio at the
five-year time span before the decision of comnadizdtion in the Internet (1995-1999). If we coresid
core patent classes those that represent a 20%eftshare, results do not change.

%4 The latter two measures are available only forreaireset of firms (public US-based firms with more
than $10 millions in assets and 500 shareholders).

% |t takes the forrE p, In(1/ p,)» Wherep; is the proportion of the firm’s sales made in segth. We

retrieve this information from the Form 10-K filedth the Securities and Exchange Commission (SEC).
%6 |ooking at their correlations (Table 3), we can apjate that we will not suffer from multicollineyi
problems.
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the regression analysis: 89 firms and 9269 obsenat We include a t-test for
differences of means for the two patent groups ssctbe proxies of the invention
dimensions. We can appreciate significant diffeesnfor all the variables except for
citations received and generality. This fact anticipates that the two groups of
innovations differ significantly. InTable 3 we present the correlation between the
variables used as regressors. Many of them preseignificant correlation at a one
percent level. However, the highest correlationfftments do not suggest the presence

of multicollinearity problems, as it is confirmeg high tolerance levets

6. EMPIRICAL RESULTS

Table 4 presents the marginal effects (at the medianhefdifferent variables on the
probability that the patent is offered by pureamwve licensing. Such effects have
been obtained from a random effects model, whexentiependent variables have been

log transformed in order to reduce their skewfiesfe test six different Specifications

Specification 1 includes one proxy per each of the four magnitudescribing the
characteristics of the patented invention. In patér, we introduce only the variables
that represent raw information from the patent: bemof claims describing the
invention number ofcitations receivedcreceived), number of citations mademade)
andnumber ofinventors(inventors). Overall, the model is significant. The proportimin

the total error variance accounted for by the ramafects is significant (rho=.339,

" The highest correlation level =.5057 and it appears betwestations and a variable built upon it

(generality). The lowest tolerance level is .73.

%8 We compute the marginal effect at the median efdly transformed variable in order to easily ifgnt
the original value it corresponds to (i.e. the raadif the original variable).

%9 In order not to lose observations with a zero ealthen taking logarithms, we add up one to the
original variable before doing the transformation.
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p<.000). The magnitude of the effect of each vaeiab reflected by the percentual
increase in the likelihood (indicated by the maadjieffect) when its value increases a
1% from its median, with the rest of variables keptstant at their media@received
displays a non-significant positive coefficient, nt@ary to our prediction. The
coefficient oncmade displays a significant negative sign, which supgptre hypothesis
that more innovative patents are more likely taheeobject of pure revenue licensing.
Claims has an as predicted positive but not significar@ffacient. Inventors displays a
positive and highly significant coefficient, suggeg that the more complementary the
innovation, the more likely it is to be licensed fure revenue purposes —contradicting
our initial prediction-. We also include a dumnegre, that captures the effect of the
strategic fit over the likelihood, negative and ssignificant in this case, fact that
suggests that core innovations are less likelyetdidensed for pure revenue purposes.
We control forportfolio, that displays (and it will do across all spe@ifions) an as

predicted negative sign.

In Specification 2, 3 and4, we include variables that are derived from theticites,
selfcitations, generality andoriginality. Their introduction shows the robustness of the
effect of the different variables on the likelihoo@ihe coefficient onselfcitations
received, although not significant, strengthens the negaéffect ofstrategic fit. The
estimated effects o$elfcitations made and originality reveal a positive impact of
innovativeness. The coefficient ayenerality supports the idea that broader patents
show up more likely on pure-revenue licensing mirkEinally, creceived, the proxy
for importance, turns to the predicted negativensigven though it remains non-

significant.
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Specification 5, 6, 7 and 8, gather the effect of some interesting interactios. find
significant the interactions between fitofe) and both innovativenesse(f citations
made) and importancecfeceived) as well as the interaction between the latter and
complementarityiQventors). The negative effect of the variable that reBaatportance
becomes significant and, strikingly, it turns pegitwhen the innovation belongs to the
firm’s core. This evidence suggests that whereasngortant innovation in the core is
more likely to be licensed for pure-revenue purpp$ige reverse holds if the important
innovation is out of the core. Therefore, it shoekist some underlying difference
between important innovations in and out the céementioned, the more important
the invention and the better it fits the firm st@t, the more likely it is to be developed
by the patentholder. In this context, pure revehcensing can be understood as a
complementary way to exploit an innovation withtigptential for economic revenues.
When the important innovation is not in the cosgkl of information or contractual
restrictions with a potential licensee who woulglex the innovation may turn pure-

revenue licensing less likely.

The rest of the interactions also display intengstresults. The positive effect of
importance in the core is even stronger if the wation shows a high degree of
complementarity. Actually, the effect of complensaaity turns significant only when
the innovation is important. The interaction betwdé# and innovativeness within the
firm suggests that the more innovative technolodresn the core are actually less
likely to be licensed than less innovative onesthis same situation. This result
confirms our prediction on the lack of incentiveslitense radical innovations due to

the potential for cannibalization.
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In Table 5 we display results for a sample restricted to ig2U$ firms according to the
value of their assets and the number of their $idders®. For these firms we have
available data on diversification, a firm-varialii@t can be relevant in explaining pure-
revenue licensing. Indeed, this variable has aifssgnt positive effect on the
likelihood. This result may suggest that diversifiirms have a more proactive
licensing policy —due to a higher awareness oftieefits of pure-revenue licensing-
or/and a higher rate of underused patents. Thesiuel of this control does not lead to
significant changes in the effect of the rest & tariables. There are, however, some
changes due to the restriction to the sample ofilmgs. The reduction in sample size
affects the significance of tha#aims variable and the interaction between importance
and complementarity. On the other hand, the efb¢ckelfcitations received becomes

significant, suggesting that the negative effedhaf variable comes from large firms.

Table 6 presents an estimation including only the varialtheat are known at the time
of patent application. The purpose is to test werethe information contained in the
patent has any predictive power at that momentactually does. Innovativeness,
complementarity and strategic fit point signifidgntowards the same direction that
they do when there is more information availablas{tally, after some time span that
allows to receive citations). Therefore, at theneanoment of the patent application, it
can be predicted whether a patent is more or ilksly lto be licensed for pure-revenue

purposes.

To sum up, results confirm that the likelihood thatinnovation is licensed for pure-

revenue purposes depends to a certain extent arh#racteristics of the innovation. In

% These are firms identified in the Compustat dajést provides complete information on public US-
based firms with more than $10 millions in asset$ 300 shareholders (obliged to report to the SEC)
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particular, we find support for our hypotheses lom megative effect of importance and
strategic fit and the positive impact of innovatiess and scope. The unexpected
positive effect of complementarity could be relatedhe stronger protection that this
dimension may confers to the licensor. Actually ewliknow-how comes from different
sources, it is easier to protect it from the li@nsAnother unexpected result, the
positive effect of important innovations in the epreflects the potential of these
technologies of being licensed for pure-revenuesoes as a complement of own

development.

7. CONCLUSION

In this paper, we examine the firm’s decision tiefise patented innovations with the
only purpose of extracting revenues. The strategiasiderations usually present in
technology licensing are absent in these casescoOfse, these licensing decisions
belong to the firm’s strategy, which will have asecoof its objectives to profit from its
innovations through licensing. We can think of thesovations object of pure-revenue
licensing as underexploited technologies. Such nelcigies are either completely
unexploited or, at least, not exploited in all pbesuses or markets. Indeed, nowadays,
in firms’ portfolios there are many patents thahagn unexploited (they are known as

sleegping patents) as well as highly interdisciplinary technologies.

Our aim is to characterize the pure-revenue licensnarket. Due to the particular
motivations behind these licensing decisions, vgei@athat the transactions captured by
this market should differ from the mean firms’ teology. Thanks to the patent

information, we are able to characterize differdmhensions of the innovations. The
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underlying assumption is that the features of #whnologies reveal information on

their potential uses and, indirectly, on the praligitof being licensed.

Our findings suggest that, indeed, a patent devtdepure-revenue licensing differs
significantly from the mean patent on the firm'srg@io along different dimensions.
The dimensions that affect positively the likeldoof being licensed for pure-revenue
purposes are innovativeness, scope and degreenpl@mentarity of the patent, as well
as importance if the technologies are in the firmse. Actually, these innovation
features reflect an increasing likelihood of beinglerused innovations, which favors
pure-revenue licensing. On the other hand, impodgexcept when in the core) and
core (except for important innovations) affect rtegdy the likelihood that the
innovation is licensed for pure-revenue purposéges€ dimensions reflect concerns for
value appropriation in licensing. Results, therefancrease our understanding on the

drivers of licensing decisions in a setting whdrategic concerns are left aside.

We believe our findings to be relevant in anothgpeat, as well. They suggest that
transaction costs involved in technology transfer rebt affect equally all potential

transactions. In particular, some characteristitdghe markets for technology may
prevail over others according to the motivationslicensing, the characteristics of the
licensed technology and the characteristics ofpédwent holder. A patent holder does
not need for any technology transfer transactienpitotection that the network offers in
traditional licensing markets through the contrbllioensee’s potential opportunism.
Instead, in some cases, she might prefer a con&atork that minimizes the costs of
searching for a licensee, who enables her to dxteenues from underexploited

technologies. This is a relevant distinction wittsspect to the implications for the
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development of efficient markets for technologyrd?revenue licensing could arise as a
first step in the development of such markets. Reslo not only illustrate the need for
differentiated markets for technology. They suggestvell that firms are aware of their
stock of underexploited technologies and they alleng to adopt a proactive licensing
policy. Obviously, this awareness is only the feg¢p in the development of a pure-
revenue licensing marketplace. There is then tlesl ne evaluate whether it exists a
demand that could absorb this supply of technokoyy which are the best mechanisms
to attract it. Only then we could be able to desagnefficient pure-revenue licensing
market that solves the inefficiencies associateth wihe stock of underexploited

technologies.

Finally, we believe that results from this analysigygest very interesting avenues for
future research in technology transfer. As mentipiiteis a must to extend the analysis
to the demand side of the licensing market andobe ta come out with a proposal on
the design of a marketplace that would vehiculateepevenue licensing transactions
efficiently. Secondly, it would be interesting tontluct a parallel analysis to explore the
characteristics of the innovations that are licdrfee strategic reasons. Then, we would

be able to understand better the black box of ®@dgy licensing in firms.
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Appendix

Table 1. Summary of variables

Variable name

Description

Proxy

Expected
effect

Citations received

Number of citations the pate
receives from  subseque
patents

ntmportance
nt

Citations made

Number of citations the pate
makes to previous patents

rnhnovativeness

Originality

Herfindhal index on the spreabhnovativeness

of citations made to different

patent classes

Salf-citations made

Share of citations made [thnovativeness

patents by the same firm

Claims

Number of sentencescope

describing the invention

Generality

Herfindhal index on the sprea8cope

of citations received from

different patent classes

Inventors

Number of inventors listed i
the patent

rComplexity

Core

Dummy equal to one if th
class of the patent is among
highest frequent (>10%) pate
classes in the firm’'s portfoli
(period 1995-99)

eStrategic fit
he

nt

0

Salf-citations received

Share of citations receive
from patents by the same firm

r&trategic fit

Application year dummy

Year in which the firm submif
the patent to the Patent Office

STime control

n.a.

Category dummy

Technological category th
corresponds to the pats
primary class

at echnological
wontrol

n.a.

Portfolio

Number of patents granted to
the firm (in any technological

Firm characteristic

category, 1980-1996)

Diversification

Diversification measure

Firm characteristic

Sales

Firm sales (in billions)

Firm characteristic
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Table 2. Descriptive Statistics

VARIABLES Mean| Min| Max| Mean| Mean| Difference
(N=9269) =0 =1 of means{

Citations received 4.163 0 184 4.177 4.03 1413
(.2657)

Citations made 8.041 0 161 7.916 9.19 -1.277%%*
(.3534)

Originality .3782* 0| .9244 .3742 414 -.0405***
(.0102)

Salf-citations made .2256 0 1 .2302 .1828  .0474*
(.0106)

Claims 12.85 1 183 12.62 15.1 -2.508***
(.3937)

Generality 2246 0 .9204 2258 .218 .0070
(.0100)

Inventors 2.952 1 1 2.9483 3.029 -.0865*
(.0625)

Core 1834 0 1 .1803 .2120  -.0318***
(.1354)

Salf-citations received . 1745 0 1 1778 . 1487 .0286***
(.0109)

‘Mean comparison t-test on equality of meangrttdan(0)-mean(1)=0).

Significance level: .01***; .05**

Table 3. Correlations

(1) (2) 3) (4) ) (6) ) (8) 9)

(1) creceive --

(2) cmade .0634 --

(3) original 0573  .3644 --

(4) selfct -.011* -.007* -.0427 -

(5) claims 1379 .2051 .0961 .0113* -

(6) general 5057 .0199 .1703 -.0423 .0884 --

(7) selfed -1391 .0500 -.0211 .1015 .0463 .1523 --

(8) inventors -.0571 -.0388 -.0638 -.014* -0305 -.0757 -.002* -

(9) core .0270 .0821 -.0987 .0937 .0175* -.0924 .1186 .0809

(10) portfalio .0054* -.012* -.0144* 1062 -.0246 -.0183* .0629 -.0238 O

* Significance level bigger than .05
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Table 4: Probit Random Effects, Marginal Effects at the Median

Variables Specif. 1 | Specif. 2| Specif. 3 | Specif.4 | Specif.5 | Specif. 6 | Specif. 7 | Specif. 8
I mportance
Citations .0009 .0014 -.0035 -.0042 -.0137** | -.0046 -.0124%+x | - 0187***
received (.0026) (.0030) |(.0031) (.0038) (.0052) (.0038) (.0050) (.0045)
Innovativeness
Citations -.0071*** | -.0075*** | -.0076*** |-.0067** -.0067* -.0071** | -.0063** |-.0071**
made (.0033) |(.0035) |(.0038) (.0041) (.0035) (.0042) (.0038) (.0039)
Originality .0077 .0068 .0061 .0082 .0065 .0063
(.0116) (.0134) (.0142) (.0137) (.0124) (.0123)
Self citations -.0369*** -.0378** 1-.0433** | -0494*** |- 0354*** | -0448***
made (.0155) (.0159) (.0183) (.0196) (.0148) (.0173)
Scope
Claims .0040 .0046 .0040* .0062** .0065** .0063** .0057** .0047*
(.0029) |(.0032) |(.0026) (.0033) (.0035) (.0033) (.0030) (.0029)
Generality .0257* .0309** .0458*** | .0419** .0287** .0393***
(.0139) (.0163) (.0192) (.0211) (.0151) (.0164)
Complementarity
Inventors .0140*** | .0152*** | .0127*** .01276** | .0153** | .0129*** |.0013 .0053
(.0053) |(.0058) |(.005) (.0056) (.0069) (.0058) (.0054) (.0056)
Strategic fit
-.0067 -.0044 -.0042 -.0049 -.0336*** | -.0146** |-.0043*** |-.0298***
Core (.0058) |(.0065) |(.0053) (.0064) (.0121) (.0082) (.0059) (.0102)
Sdf citations -.0071 -.0039 -.0077 -.0035 -.0037 -.0083
received (.0115) (.0110) (.0121) (.0112) (.0102) (.0106)
Interactions
Core x Creceived .0336*** .0272%**
(.0114) (.0091)
Core X .0589** .0509**
Slfcitations made (.0331) (.0295)
Creceived X .0096*** | .0082**
Inventors (.0042) (.0039)
Firm controls
Portfolio -.0314*** | - 0330*** | -.0285*** | -0273** |-.0221** |-0277** |-.0254*** |-0295***
(.0083) |(.0086) |(.008) (.0075) (.0088) (.0076) (.0072) (.0082)
Controls
Category Included | Included| Included Included Included cluded Included Included
Application year | Included | Included| Included Included| clirded Included Included Included
Rho .3392*** | 3253*** | .3404***  |.3068***  |.3024***  |.3045*** .3075*** |.3430***
N 8611 8611 8581 8581 8581 8581 8581 8581
Groups 89 89 89 89 89 89 89 89
Wald y°— test 334.77** 341.49**% 339.28*** | 254.89*** | 296.30*** | 274.53*** | 268.59*** |371.39***

For dummy variables, effect of a discrete changmfd to 1
Standard errors of marginal effects in parentheses.

Confidence level of the coefficient (not margindkeef) at 1%***, 5%**, 10%*.
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Table 5: Probit Random Effects, Marginal Effects at the Median. Large firms.

Variables Specif. 1 | Specif. 1A | Specif. 2 | Specif. 2A | Specif. 3 | Specif. 3A | Specif. 4 | Specif. 4A
Importance
Citations .0008 -.0001 .0047 .0032 -.0037 -.0047 -.0233** |-.0120**
received (.0065) (.0059) (.0077) (.0070) (.0091) (.0081) (.0110) (.0061)
Innovativeness
Cmade -.0141* -.0140** -.0156** |-.0155** -.0184** |-.0179** -.0178* |-.0118***
(.0082) (.0077) (.0088) (.0083) (.0101) (.0094) (.0103) (.0065)
Originality .0273 .0246 .0243 .0139
(.0344) (.0309) (.0359) (.0187)
Sf citations -.0632** | -.0597** -.0600** |-.0561** -.0964*** | -.0484***
made (.0336) (.0314) (.0322) (.0298) (.0412) (.0246)
Scope
Claims .0028 .0036 .0031 .0042 .0037 .0046 .0038 .0021
(.0071) (.0066) (.0077) (.0071) (.0072) (.0066) (.0076) (.0039)
Generality .0482 .0457 .0863** | .0446**
(.0383) (.0345) (.0435) (.0244)
Complexity
Inventors .0364*** .0336*** .0396*** | .0363*** .0491*** | 0337*** .0415*** | 0192***
(.0137) (.0131) (.0146) (.0139) (.0188) (.0133) (.0153) (.0090)
Strategic fit
-.0150 -.0207 -.0049 -.0135 .0245 -.0073 -.0843*** | -.0395***
Core (.0163) (.0152) (.0186) (.0166) (.0311) (.0159) (.0314) (.0184)
Sif citations -.0490* |-.0475* -.0449* | -.0430* -.0546** | -.0305**
received (.0321) (.0300) (.0303) (.0280) (.0332) (.0193)
Interactions
Corex .0634*** | 0307***
Creceived (.0225) (.0140)
Corex .1851** .0908**
Sfcit. made (.0974) | (.0557)
Firm
characteristics
Portfolio -.0389*** | -.0415*** |-.0387*** |-2218** |-0354** |-0386*** |-.0363*** |-.0313***
(.0148) (.0146) (.0151) (.0614) (.0144) (.0141) (.0146) (.0130)
Diversification .0315 .0394* .0386* .0733***
(.0203) (.1506) (.0211) (.0282)
Sales
Controls Included Included Included| Included Included Included luded | Included
Rho .3237%** | [ 2922%** .3207*** | . 2861*** .3256*** |.2861*** .3257*** | ,3626***
N 3850 3850 3850 3850 3838 3838 3838 3838
Groups 22 22 22 22 22 22 22 22
Wald y*— test | 89.44* | 97 77+ 96.40*** | 105.84*** | 98.62*** |10837*** [122.30*** (181.32***

For dummy variables, effect of a discrete changmfd to 1
Standard errors of marginal effects in parentheses.
Confidence level of the coefficient (not margindkeef) at 1%***, 5%**, 10%*.
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Table 6. Probit Random Effects, Marginal effects at the Median.
Subset of known variables at time of patent application.

Variables Specif. 1 Specif. 2
I nnovativeness
Citations -.0082** -.0088**
made (.0035) (.0047)
Originality .01212 .0139
(.0146) (.0152)
SHf citations -.04142%+* | - 054 7**
made (.0170) (.0218)
Scope
Claims .0065** .0067**
(.0035) (.0036)
Complementarity
Inventors .0140*** .0145%**
(.0061) (.0067)
Strategic fit
-.0066 -.0173**
Core (.0068) (.0092)
Interactions
Core X 0648**
Selfcitations made (.0368)
Firm controls
Portfolio -.0299%*** -.0306***
(.0076) (.0078)
Controls
Category Included Included
Application year | Included Included
Rho .3055*** .3017***
N 8581 8581
Groups 89 89
Wald x*— test 252.35%** | 246.5%**

Standard errors of marginal effects in parentheses.
Confidence level of the coefficient (not margindeef) at 1%***, 5%**, 10%*.
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