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Abstract

Portuguese and Spanish universities have adoptédiefimed royalty sharing schedules over
the last fifteen years. We investigate whether soghlty sharing schedules have been effective
in stimulating inventors’ efforts and in ultimateiypproving university outcomes. We base our
empirical analysis on university-level data and twew self-collected surveys for both
inventors and Technology Transfer Offices (TTOsyidEnce from the inventors’ survey
indicates that one third of respondents are incisetl by current royalty sharing schedules, one
third could be incentivised by higher royalty stg@nd the remaining third is totally insensitive
to royalty sharing. Plain regressions on universityel datasets suggest that the incentive
effects documented by the inventors’ survey fail ttanslate into increased patenting or
licensing income. It would seem that inventor rtyahares are not as influential as they could
be, due to the poor commercial prospects of uniyeiaventions. Among other possible
reasons, these poor prospects appear to refledathehat inventors are unable to produce
potentially licensable inventions, or that everliudlITOs may not be focussing enough on
commercialising their inventions.
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1. Introduction

It is well documented that the so-called third noissof universities, namely the transfer
of knowledge to industry, has real effects on las@dnomic development (Etzkowitz,
2002; Jaffe, 1989). Such knowledge transfer cannigdemented via a number of
routes, including the hiring of students, sponsareskarch, licensing, the creation of
university spin-off firms, or simply via knowledgpillovers (Bercovitz and Feldman,
2006). In this regard, one mechanism that has becomreasingly important for

researchers and policymakers alike is patent lingn§Geuna and Rossi, 2011,
Perkmann et al., 2013).

A guestion that has aroused considerable intefdateis whether pecuniary incentives
for inventors are a useful tool for improving lisgmy outcomes. In the US, as in most
European countries, university intellectual propgulicies grant the university control
of rights over inventions (Sampat et al.,, 2003; tzeand Rossi, 2011). The income
from royalties from inventions is then shared be&mvéhe inventor and the university,
according to terms that are generally specifiedhgyuniversity. This naturally allows
(or even forces) universities to decide which p&mynincentives, in the form of
inventor royalty shares, are to be offered to inwen If inventors care about potential
royalties, then universities can conveniently sgentor royalty shares in such a way as
to incentivise their effort.

The purpose of our paper is to investigate the mdflanventor royalty shares in
incentivising scientists’ efforts, and to ultimatgdrovide advice on how to improve
university patenting and licensing in Portugal @ywhirf. Both countries have been
particularly active over the last few years in depeng an appropriate infrastructure for
improving knowledge transfer (Geuna and Rossi, 2Qidsoni, 2013; Cartaxo and

Godinho, 2014). Among the many measures taken,bleas the adoption of well-

! patenting and licensing are important componehtsiversity technology transfer and have been the
focus of many studies over the last two decadesspégien (2006) surveyed the literature on uniyersit

patenting, while Baldini (2006) provided a revieW the literature on patenting and licensing in

universities.

2 While license income is the main outcome of irgerpatents are also useful in the context offihjser.
Patents are an intermediate input for the generatidicense revenues (inventions are patenteditar
commercialised). It is precisely because patentsecfirst that they might react with a shorter lag t
variations in royalty sharing. Being able to captaarly effects is important in countries such adugal
and Spain, where royalty sharing splits have beenetatively recentlyi-urthermore, TTOs in both
Portugal and Spain seem to be using royalty shaoimgcrease patenting.
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defined royalty sharing schedules by universiti®e such royalty sharing schedules
producing the expected effects? The studies to Hate presented mixed results
regarding whether such royalty sharing arrangemangs effective in incentivising
academics’ efforts, suggesting that they might besymasive in certain institutional
contexts, but not in others. Portugal and Spairetspecific characteristics that make
them an interesting case. Firstly, university ptbgn and licensing are recent
phenomena, which remain at a low rate. Secondlghii@ogy Transfer Offices (TTOS)
are relatively young, and are still in an earlygstaf their learning curve. Thirdly, the

quality of applied research might not be as higthasin the US.

We build on the analytical framework proposed bgh @nd Schankerman (2008) to
understand the conditions that govern whether itoreroyalty shares are likely to be
effective. Intuitively, higher inventor royalty stes increase the premium for obtaining
licensable inventions. Scientists are expectedesxtrto this premium by increasing
their effort in applied research. However, thisaniive effect could be diminished if the
revenues to be shared between the inventor andirthersity were trivial. Such a

scenario with trivial royalties could arise if, angp other reasons, TTOs were
ineffective at commercialising good inventions,ifoinventors were unable to produce

inventions with good commercial prospects.

Within this framework, we seek to answer two reseaguestions. First, are inventor
royalty shares effective in stimulating inventoedforts and in improving university
outcomes? Second, are incentive effects diminidfehuse TTOs are ineffective at
commercialising inventions, and/or inventors are good enough at generating
licensable inventions? In order to empirically aaswhese research questions we
employ a mix of objective evidence from univerdigyel data and also subjective
evidence from new self-collected surveys of TTOd iawentors.

Our paper is related to a vast conceptual and @wapliterature that aims to understand
the motives of academic patenting (Stephan, 19%6n,L2011). This literature has
generally found university inventors to be moreostly motivated by traditional

reputational and career rewards, rather than byumpagy incentives. Instead of

attempting to assess the relative value of the npatentially important motivations of



academic patenting, we carry out an in-depth arsalylsone such motivation: royalty

sharing.

Our paper is therefore most closely related toethmpirical literature concerned with
estimating the effectiveness of royalty sharirithe papers in this literature typically
rely either on university-level, or inventor-lewasitasets. Quite intriguingly, the former
documents incentive effects, while the latter failidentify these effects. Two of the
papers that found positive incentive effects usimjversity level data are those of
Baldini (2010) and Caldera and Debande (2010). Like they too focus on low
licensing income countries. Our paper however difieates from theirs and from most

of the remaining papers in the literature in tw@artant ways.

First, instead of relying just on university or @antor data, we use both. This enables us
to not only infer incentive effects indirectly, byggressing university outcomes on
royalty shares, but also to do so in a more divexy, by explicitly asking inventors
about the effectiveness of royalty shares. To #st bf our knowledge, no one has ever
done so before. Testing for incentive effects withentor level data is important in
countries such as Portugal and Spain, where rogdl#ying schedules have been set
relatively recently, and these might have produicegntive effects that have not yet
translated into increased patenting and licensidditionally, inventor-level data
enables us to understand some of the subtletiegohandetected with university-level
data alone. For instance, we can infer the pergentd# inventors that is already
incentivised by royalty sharing, that which coulel otentially incentivised by higher
inventor royalty shares, and that which is totaligensitive to royalty sharing. The

middle group is a potentially interesting targetdecision makers.

Second, we not only study the presence or absehem ancentive effect, but also
whether the conditions necessary for this effecexst hold. While previous papers
have studied whether incentive effects are dimadsthy TTOs' ineffectiveness at
commercialising inventions (see Lach and Schankeym2008; Belenzon and
Schankerman, 2009), we are the first to empiricibt whether incentive effects are

also diminished by inventors’ ability to produceelnsable inventions. Admittedly, due

® This literature is exhaustively surveyed in Tablén Section 2.2.
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to limitations in our data, we are only able to\pde tentative evidence of the existence

of these two potentially important effects.

We obtain three main findings. Firstly, the invansurveys reveal that one third of
inventors are incentivised by current royalty sh@rschedules (although only a few
find royalty sharing to be highly influential), otieird could be potentially incentivised
by royalty sharing (if royalty shares were increhser if scientists have better
information about royalty sharing), and the remagnthird is totally insensitive to
royalty sharing. Secondly, plain regressions owvensity level datasets suggest that the
incentive effects documented by the inventors’ eysvfail to translate into increased
patenting, or licensing income. Thirdly, both tretakeeper and ability effects seem to
diminish royalty sharing incentive effects.

The paper is structured as follows. Section 2 prissthe analytical setting and derives
the research questions of interest. Section 3#eeview of the institutional context in
Portugal and Spain, and describes the datasetsiugieel empirical analysis. Section 4

empirically answers the research questions pos8edtion 2. Section 5 concludes.

2. Analytical setting and research questions

In the traditional “Mertonian” world of scientifidiscovery, the main goal of scientists
Is to establish their priority of discovery by bgithe first to communicate an advance
in knowledge. Accordingly, most scientists seemb& motivated by the traditional
reputational and career rewards that are providetheé scientific community which
come in the form of eponymy, prizes and publicat{Stephan, 1996; Lam, 2011). In
line with this traditional view, some studies card® that reputation lies at the heart of

scientists’ decision to pateht.

While it is widely argued that academics responchao-pecuniary incentives, recent
research has sought to determine the extent tohwgecuniary incentives also matter.
Pecuniary incentives are of interest to policymalkas they can be used as a potentially
effective means of involving scientists, not justdiscovery, but also in the transfer of
the knowledge generated beyond the boundariesaoieacia (Markman, 2004).

* See Bodas Freitas and Nuvolari (2012), Goktepeedand Mahagaonkar (2010), Baldini et al. (2007)
and Owen-Smith and Powell (2003).



In this paper we seek to study the effects of & gpecific form of pecuniary incentive:

the share of royalty income apportioned to uniwgrstientists. Higher inventor royalty
shares secure higher returns for applied reseacthiti@s that are conducive for

licensable inventions. Do inventors react to suatemtives? Can universities improve
their technology transfer outcomes by conveniergétting their royalty sharing

schedules? In what follows, we build on Lach andd&erman (2008) to understand
how, and under which conditions, royalty sharingstates inventors’ effort.

2.1. Analytical setting

Basic setup— Lach and Schankerman (2008) develop a simpleshtbdt captures the
dual purpose of scientific research. Scientistsivdewtility from both scientific
publications and license revenudublications can be obtained through basic and
applied research, whereas license revenue can lomlhobtained through applied
researclf. The distinction between basic and applied reseamghoses a tradeoff
between the two through the allocation of efforbli€&/makers therefore try to shift

effort from basic to applied research, by makingltiter relatively more attractive.

A natural way of increasing the premium of appliesearch effort in countries under an
institutional ownership regime —where universitiegin control rights over inventions,
but share the licensing income with the invent@-by apportioning a larger share of
royalty income to scientists. Lach and Schanker2008) show that, under fairly
general conditions, scientists’ optimal appliedesgsh effort — and in turn the license
revenue resulting from this optimal applied reskaetfort — is increasing in the

inventor royalty sharé.

® Note that publications might prove useful not otilgough increased reputation, but also in the fofm
monetary rewards from tenure, or wage increasestme with promotions.

® Lach and Schankerman (2008) distinguish between types of applied research: applied research
devoted to starting new projects, and applied rekeamed at improving the quality of each projéair
expositional clarity we will just refer to appliedsearch.

" This result holds if the diminishing returns tadme in the scientist’s utility function are nobét
strong”. If there is complementarity between basid applied research efforts, then the resultsapsty

to basic research. Lach and Schankerman (2008) shatvoptimal applied research effort is also
increasing in the TTO's effectiveness at commeigiiag inventions. We abstract from this second ltesu
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Interaction effects— The extent to which scientists react to variaionroyalty sharing
critically depends on two policy parameters: TT@féectiveness at commercialising
inventions, and scientist’s ability to conduct apglresearchi.

Regarding the first of these policy parametersteases in inventor royalty share will
have smaller effects if scientists anticipate tHatOs will do a poor job at

commercialising their inventions. In the extremeecaf a totally incompetent TTO, the
inventor royalty share will not matter at all. Laahd Schankerman (2008) call this
interaction between the incentive effect of the emwor royalty share and the

effectiveness of the TTO tlgatekeeper effect

Regarding the second policy parameter, increasasvantor royalty share will have

smaller effects if scientists anticipate that, givimeir applied research skills, their
inventions will have little commercial succeSgientists will not care about royalty
sharing at all in the limiting case, where theilligbto conduct applied research is so
low that not even the maximum effort will raise tipgality of their inventions above the
minimum standards required for commercialisationth®yTTO. We call this interaction

between the incentive effect of the inventor royalhare and the ability of the inventor
to conduct applied research tsility effect’

Research questions— According to the theoretical predictions in Laend
Schankerman (2008), inventor royalty shares shbalédffective at triggering incentive
effects. It is this effectiveness that we seeketst empirically. Besides testing for the
presence of incentive effects, we are also intedeist learning the extent to which these
effects are diminished by tlgatekeepemandability effects Our research questions of

interest can be formalised as follows:

8 When we mention “ability to conduct applied reséér we indeed refer to the capacity to undertake
applied research that can subsequently be expleitedomically by patenting and licensing. We could
also have used the terms “ability to do relevard@nmercially oriented applied research”.

° The ability effectis not explicitly taken into account in Lach andh&nkerman (2008), who assume
scientists to have a sufficiently high level oflabito generate inventions that will be licensgdebTTO
with some probability. We seek to consider an aoldiétl scenario, in which less-able scientists poedu
inventions with no probability of being licensed &yl TO. The ability parameter can be accommodated
within Lach and Schankerman’s (2008) setting as imteraction with TTOs' effectiveness at
commercialising inventions. This implies that liserrevenue can be diminished, either because the TT
is not good at commercialising ideas, or becauserttentor is less capable of conducting marketable
applied research.



1. Are inventor royalty shares in Portugal and Bpaifective in

stimulating inventors’ efforts and in improving uarsity outcomes?

2. Are royalty share incentive effects diminishextduse TTOs are not
pursuing invention commercialisation with the n&egg intensity,

and/or inventors are bad at generating licensatvientions?

2.2. Literature review

All the empirical studies that set themselves thjeaiive of answering the first research
question are summarised in Table 1. We have shp#t articles, based on two
dimensions: unit of analysis (university vs. invat and type of country (high
licensing income vs. low licensing income). Thigision helps identify two somewhat
conflicting regularities in the literature. Firgiapers that use universities as the unit of
analysis are unanimous in finding positive incemtigffects, as revealed by the
sensitivity of licensing income (not so much themter of licenses) to variations in
royalty shares. Interestingly, this positive inceateffect is present in both high (Group
A) and low (Group B) licensing income countriesislts puzzling, as the latter group
of countries — where universities are public ansk lproactive at recruiting talented
researchers — should be more exposed togtitekeeperand ability effects and,
consequently, less fit for incentive effects. Setgrapers using inventors as the unit of
analysis are equally unanimous in failing to docaompgositive incentive effects of
royalty shares. Rather, they tend to find reputatio be a much more important
determinant of involvement in disclosure and pabgntAgain, the absence of incentive
effects in papers based on inventor surveys hadsdth high (Group C) and low
(Group D) licensing countries.

The set of papers that has sought to study ourngecesearch question — which
contextual factors make royalty shares an effegb@euniary incentive? — is smaller.
Lach and Schankerman (2008) find royalty sharebdomore effective in private
universities, which they show to be more pro-actiban public universities at
commercialising inventions. Similarly, Belenzon a@chankerman (2009) find royalty

shares to be substantially more effective in usives with TTOs governed by



incentive pay systems. Both results can be takesviaence that thgatekeeper effect
matters. Walter et al. (2013) find that the extemtwhich financial incentives are
effective at stimulating the inventor’'s propensity disclose inventions depends on
inventor characteristics, such as academic fietdpaienting experience. This result
suggests that thability effectmatters too, with higher ability (at producingelitsable

inventions) scientists being more responsive tapacy incentives.

[INSERT TABLE 1]

3. Institutional setting and data

3.1. Contextual setting

Institutional ownership — The Portuguese intellectual property la®odigo da
Propriedade Industrigl has no specific reference to university intellattproperty.
Universities have traditionally been the sole pigtprs of the inventions generated by
their faculty, with statutory legislation not foeesng the participation of faculty in
licensing revenues. The first explicit universipesific intellectual property rights
policy with well-delimited inventor royalty sharegas not adopted until 1998, at the
Instituto Superior TécnicoSimilar statues were gradually adopted over thiewing
decade, with the vast majority of universities apieg well-defined royalty sharing

schemes toda¥y.

Spain was one of the first European countries,tt@yewith the United Kingdom and
Switzerland, to adopt the institutional ownershystem (Azagra-Caro, 2011; Geuna
and Rossi, 2011). The framework for scientific gradenting activities has been well
defined since the 1980s, which was when the UniyerReform Law allowed
university researchers to receive income from emtdr with firms, including

arrangements that led to patents and licensinggvaz&aro, 2011)*

% The University of Coimbra adopted explicit intelleal property right norms in 2003, and severaéoth
universities did so between 2005 and 2011.

™ In particular, the Spanish Law of Patents (Lawl®86 of Patents of Inventions and Utility Models)
gives both universities and researchers an incetdiypatent the results of their research.
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TTOs — Both in Portugal and Spain, the different phaskauniversity patenting,
ranging from disclosure of inventions to licensirge managed by Technology
Transfer Offices (TTOSs).

In Portugal, two different types of TTO have coésis until recently: GAPIs and
OTICs. The former could be found in universitiesghnology centres, and business
associations, while the latter were only activa@ademic institutions (see Cartaxo and
Godinho, 2014). Most of the TTOs were created &0, usually employing no more
than two or three staff. GAPIs and OTICs have rédgesvolved to a single structure in

each university?

In Spain, TTOs go by the name of OTRIs (Offices tbe Transfer of Research
Results), and all public universities have one. GT&e responsible for the transfer of
university research through a variety of forms,luding spin-off creation, R&D

projects, patenting and licensing. The first OTRisre created in 1988, via a public
policy initiative aimed at promoting co-operatiortlveen universities and industry.

OTRIs acquired an official character in 1996, anghaised themselves into a network
(known as RedOTRI) in 1997. The number of OTRIsngsebstantially after these two

events.

Royalty sharing schedules -Almost all universities in Portugal and Spain halveir
own regulations for the split of licensing inconiéde schedules are freely chosen by
each university, and have to be approved by thespective management bodies.
Income is generally allocated either to universitie researchers, but on occasions it
can also be shared with the inventor’'s departmenesearch group. The royalty shares
in force in each university are reported in theregponding intellectual property rights
rules of the university. Changes in their valuegeh@ be duly notified through changes

12 GAPIs were created by the Portuguese Patent aadefrark Office (INPI) as from 2000, with the aim
of promoting the use of intellectual property. O$l@ere established as from 2006 by the Innovation
Agency (Adl). Some GAPIs and OTICs were based @vipusly existing extension offices. In such
instances, technology licensing and transfer ats/coexist with other tasks (such as mentorghgpin-
offs, training, or research management). These TiE@d to employ a larger number of staff, but the
figure of no more than two or three techniciansagiagl in technology transfer remains valid for most
universities.

3 The 1986 Law for the Promotion and General Coatitim of Scientific and Technological Research
(the “Science Law"), which emphasised the needrtompte collaboration in R&D between firms and
universities, established the foundations for tleation of the first OTRIs.



in the intellectual property right statutes. As @elain in more detail below, inventor
royalty shares tend to concentrate at around 50 n@ost universities specified their
royalty sharing schedules after 2000 (95% in Paitagd 73% in Spain).

Patenting and licensing trends— University patenting is a recent, albeit incnegs
phenomenon in both countries. In Portugal, the tirsversity patent was not awarded
until 1998, and the cumulative number of univerpiégents did not reach double figures
until 2001. This late take-up in university pataegtcan partially be accounted for by the
failure of the intellectual property law to exptlgi define norms with regard to
university patenting. Despite the late start, thare of university patents in Portugal
(over the total number of patents in the countogerfrom almost zero in 2000, to more
than one third in 2009. The only data availablelioansing income from Portugal is
that collected through our survey of TTOs. Onlyrfamiversities are found to report
positive licensing income, and the first royalti@ere not obtained until 2008. This
suggests that university licensing is still iniftfancy in Portugal.

University patenting in Spain was not frequent lutite 1990s. Since this date, the
number of university-owned patents has experiencactinuous growth, with the
number of university patent applications (in théioraal patent office) rising from 210
in 2000, to 496 in 2012. At present, patents awditdeuniversities account for almost
15% of all patents granted (almost twice the sha@000). Although the distribution of
patents is strongly skewed, with some univershigisg particularly active, patenting is
not restricted to a specific group of universitiesnd almost all public universities
consistently apply for at least one patent per.ygatal licensing income (from patented
and non-patented technologies) has experiencedikastrend, rising from €0.5 million
in 2000, to €2.5 million in 2017

3.2. Data
In order to study the impact of inventor royaltyasds on university technology transfer
outcomes, we use three self-constructed datasetsafth country: a university-level

dataset, a survey addressed to all Portuguese @ards$ university TTOs, and another

% Licensing income from patents seems to accounslightly more than one half of total licensing
income in Spain.
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survey of a representative sample of inventorsartugal and Spain. Each dataset is

described below.

University-level dataset— This is an unbalanced panel, spanning the y#a2607 to
2011 (both inclusive) for 15 Portuguese and 39 Bpanniversities® The sampling
criterion was to retain all university-years foriatall the following variables could be
observed: inventor royalty shares, the number déergaapplications made at the
respective national offices, licensing income, sird age of the TTOs, faculty size, the
volume of R&D expenditure (only for Spain), and gerce of a science pafkMost of
the instances in which we had to discard a unityeygar were on account of the lack
of information on outcomes (patents or licensingdhe explanatory variable of interest
(inventor royalty share). Tables 2 and 3 providscdetive statistics and definitions for

each of these variables.

[INSERT TABLES 2 AND 3]

The main outcomes of interest (licensing income andhber of patent applications)
take rather low values, and their distribution ighly skewed across universities.
Licensing income in Portugal ranges from a minimofmzero, to a maximum of
€274,000. Average licensing income is slightly ab@&0,000 per year, but the median
is indeed zero. Licensing income in Spain rangesnfa minimum of zero, to a
maximum of €600,000. Average licensing income ighsly above €60,000 per year,
but the median is much lower at €29,600. The awenmgmber of annual patent
applications is around 10 for both Portugal andirspghis number is also unevenly
distributed across universities, with the minimund anaximum values ranging from O
to 54 in Portugal, and 0 to 72 in Spain. The mediamber of patent applications is
slightly below the mean (7.5 in Portugal, and S$pain).'’

1% We restrict the panel to the period post-2007nasntor royalty share schedules had not been ekfin
in several Portuguese universities before this.date

' The university-level dataset for Portugal contaimfermation on 15 universities, which account for
97% of university patent applications in the per@D5-2012. The university-level dataset for Spain
includes information on 39 universities, which eegant 83% of the universities holding at least one
patent, and 89% with positive licensing incomehi@a 2010 Red-OTRI Survey.

" Notice that these numbers are extremely low whempared to the income generated in the US.
According to Lach and Schankerman (2008), US usities generated, on average, $3.6 (€3) million of
license income per year during the 1990s, withtdipel0% private universities earning, on averager o
$11.5 (€10) million per year (almost five times mdhan all the Spanish and Portuguese universities
together).
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Inventor royalty shares in Portugal and Spain presenilar patterns. Figure 1 plots the
distribution of royalty shares, with average anddiae values standing at around 55%
in both countries. Most universities opt to fix @ntor royalty share at between 50% and
60%, with only a few universities opting for extreiy low (around 30%), or high

(above 70%) royalty shares for inventors.

[INSERT FIGURE 1]

TTO survey — The main objective of the survey for TTOs wasotliain the exact
inventor royalty share at each university, the yi@awhich royalty shares were first
introduced, and whether the shares have experiesigeidicant changes over time. We
were also interested in understanding the admatig&r process by which royalty
sharing schedules were approved at each univessityalso the goals each university
pursued with its specified royalty share. The syrwas sent to all Portuguese and
Spanish TTOs during 2011. The response rate wddyhsgtisfactory. All Portuguese
TTOs (i.e., 22 TTOs) filled in the survey betweemd 2011 and April 2012, and 47
Spanish TTOs did so between January 2011 and Dexetld2 (an 89% response

rate)!®

Inventors’ survey — The primary goal of the survey was to obtairctifeedback from
university inventors on the importance of inventoyalty shares. A second goal of the

survey was to relate the effectiveness of roydires in measuring inventor quality.

The target of the survey was all those PortuguedeSpanish inventors that had applied
for at least one patent between the years 200528068 (both inclusive) at USPTO,
EPO, or one of their respective national officé¢Rl in Portugal, and OEPM in Spain).
In order to approximate this target population lasaly as possible, we first retained all
the patent applications (to the aforementionedcesfj for which the assignee was a

Portuguese (555 patent applications), or Spanidi@patent applications) university.

'8 Red-OTRI (the network of Spanish TTOs) includedn8®mbers in its 2010 directory. Most of these
were ascribed to a university, but some were unities without a TTO, or TTOs ascribed to centres
other than universities (such as scientific ingtisuand research centres). Most of the sciengBearch,
and virtually all the patents and license incomgegerated by 53 public universities. Therefore semt
the survey to the TTOs of those universities thmatstitute our relevant population (47 of whichefl it
out).
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19 We then located the email addresses of the ioverf these patent applications
through personalised Google searches. This yiekB#demail addresses in Portugal,
and 3,033 in Spain (after dealing with multi-apght inventors). We invited all the

university inventors for whom we had an email addr® answer an online survey in
January (Portugal) and November (Spain) 2012. Rlusmwe obtained 212 complete
responses for Portugal, and 606 for Spain (equatrg0% and 20% response rates,

respectively).

We asked inventors to supply their individual cletedstics (field of research, age,
gender, type of contract with the university, raarkd measures of quality), and also
their opinion on several aspects relating to thiectffeness of royalty shares. Table 4
reports the descriptive statistics of the inventbaracteristics. The results of the

inventors’ perceptions of the royalty shares aseussed in the next section.

[INSERT TABLE 4]

4. Evidence

We seek to provide empirical answers below to the tesearch questions posed in
Section 2. We first study whether inventor royadtyares are effective at stimulating
inventors’ efforts. Next, we analyze whether inoenteffects are likely to be

diminished by the gatekeeper or ability effects.

4.1 Do inventor royalty shares have an incentivect?

In order to answer this question, we rely on bativersity and inventor level data.
University level data allows for an indirect, exspanalysis of incentive effects. We say
indirect, as we do not directly test for an inceeas inventors’ effort (which is
unobservable), but rather in the results of thieref namely patenting or licensing
income. Ex-post is specified, as the incentive atfifmust have taken place and be
translated into an increase in university outconf@s it to be traceable by the
econometrician. Inventor level data allows for arendirect, but not necessarily ex-post
analysis, which allows for detecting the existeatencentive effects, even when these

19 Even though we began gathering patent applicatia from around 2010-2011, we could only collect
data on applications filed up to 2009, due to tBenmonths lag between application and pre-grant
publication.
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have not translated into increased outcomes. Ehisnportant in countries, such as
Portugal and Spain, where royalty sharing schedue® been set relatively recently,
and might have produced incentive effects that hayeyet translated into increased

patenting and licensing.

4.1.1. Evidence from university-level data

We adopt the empirical specification put forward ltach and Schankerman (2008),
which results from scaling up the scientist licemsgenue or number of applied
research projects — both shown to depend on inveay@lty share — to the university

|.20

level. <" Taking logs, and linearising the university reverar total number of projects

yields, the following empirical equation is apptlied

y, =0 inventorroyalty share + x, 8 +u, (1)

wherei indexes universities, andyears. The dependent variabje stands for either

(the log of) university licensing income, or (thoglof) the number of university patent
applications (our proxy for the number of appliedeaarch projects). The matrix of

controls x, includes (the log of) faculty size, proxies foetiTO’s effectiveness at

commercialising inventions, such as the size anel @igthe TTO; proxies for the
inventors’ average quality at doing applied reseastich as R&D per faculty, and; a
dummy variable with a value of one if the univerdias a science park to capture the
existing links between the university and privabenpanies located nearby. Finally, we
also rely on pre-sample information on patentinguioywersities to control for time-
invariant unobserved heterogeneity. The paramdtaterest iso, which captures the
effect of the inventor royalty share on the coroespng dependent variable. Positive
values of 0 imply that inventor royalty shares are effectitesamulating inventors’

efforts.

% | ach and Schankerman (2008) show that scientist®nue is increasing from their research effort. |
turn, scientists’ optimal research effort is incieg in the inventor royalty share. Therefore, istigts’
revenue is also increasing in the inventor royaltyare. Licensing revenue can be scaled up to the
university level by multiplying the scientist rewenby faculty size.
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Lach and Schankerman (2008) highlight two sourdasnobserved heterogeneity that
are likely to be correlated with inventor royaltyase. Firstly, researchers with greater
commercial orientation or more valuable inventiomsyy be able to lobby their
universities for more favorable royalty sharesdwaerse causality problemihis does
not seem to be the case at Portuguese and Sparnghsities, according to the survey
for TTOs? Secondly, higher inventor royalty shares may ettraore innovation-
oriented faculty (a sorting problerff)Unlike in the US, the sorting channel is likely to
play a minor role at Portuguese and Spanish uniiesswhere faculty mobility is

relatively low.

Although most universities are observed over séweas, we are unable to use within
estimators, as the royalty share displays littléatimn over time*> Thus, the incentive
effect of the royalty share is identified from ttr@ss-sectional variation in the data. We
follow the common approach of using pre-samplermfation on patenting to control
for unobserved heterogeneity. We use clusteredstobtandard errors to allow for
heteroscedasticity, and autocorrelation within arsities. Note that our specification is
almost identical to the one used by Lach and Saramkn (2008), and very similar to
that of related papers, such as that of CalderdDatéinde (2010).

Table 5 shows equation (1) estimates based onni@anced panels of Portuguese and
Spanish universities, as described in Tabl® Eor each country and dependent
variable, we begin with a parsimonious specifigatibat only includes royalty share,

pre-sample information on patenting by universjteesd time dummies (columns 1, 3, 5

and 7). The coefficient associated with the inveatmyalty share is only found to be

I The TTO survey suggests that inventors play a imargole in the fixing of royalty shares, both at
Portuguese and Spanish universities. Royalty sasea unilateral proposal from the Governing Cdunci
in 41% and 64% of Portuguese and Spanish univessitiespectively, with no participation of the
researchers. In about a third of the universitieddth countries, royalty share was discussed én th
Research Commission, with researchers being glvempportunity to influence the final decision. @nl

in 32% of Portuguese, and 2% of Spanish univessitiel the researchers play a more active role in
royalty share decision.

2 n this case, the estimatedi would be an upward biased estimate of the purataffimponent of the
royalty shares, but it would remain a consistetiege of the overall incentive effect (includingtb the
effort and sorting components).

23 Only 14% of Portuguese TTOs, and 20% of the SpafiEOs surveyed claimed to have changed the
royalty shares over time. However, only four ofsae€hanges took place during the sample yeardaselec
for the econometric analysis in Spain, and thrdeartugal.

4 These panels only include universities for whitthire relevant explanatory variables were avadaddl
some point in time (15 Portuguese, and 39 Spanisbersities). We experimented with a simpler
specification, with fewer explanatory variablesy@ltly shares, pre-sample patenting and time dun)mies
which allowed for broader panels, but the res@taained unchanged.
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significantly different from zero, though at a 108gel, in column (3). Next we expand
this specification with the explanatory variablescdssed above (columns 2, 4, 6 and
8). The coefficient associated with inventor’'s rbyahare is insignificantly different
from zero in all cases, except in Column (6), whiéns only significant at the 10%
level. This set of results suggests that royalgras play a negligible role in stimulating
patenting and license income at university levaPartugal and Spain. As for the other
regressors, the pre-sample average number of pagbelitations is significant in most
of the regressions. This implies that this variatsetrols, at least in part, unobserved
heterogeneity. The remaining explanatory variakdeés mainly insignificant. The
amount of experience accumulated by the TTO seempeditively affect patenting in
Portugal, while faculty size and R&D intensity isstively correlated with patenting in

Spain.

Somewhat surprisingly, our results do not agred whibse obtained by Caldera and
Debande (2010), who find license revenue to betipeli affected by inventor royalty
shares in Spain. This discrepancy is entirely drivey two universities, which
introduced substantial changes in their royaltyrigigaschedules between the periods
2001-2005 (the period analysed by Caldera and REha2010), and 2007-2011 (the
period analysed in our papér)When we drop these two universities from the sampl
we can indeed replicate Caldera and Debande’s j2@&EHults (see Table 1A in the
Appendix). Our interpretation of the reversal ofideaa and Debande’s (2010) results
goes as follows - the change in the royalty shascgedules of two universities add
within variation in the data, and, whereas the mi@e royalty rates in these two
universities increased very drastically, their péiteg and licensing outcomes did not.

As a result, the incentive effect becomes insigaiit.

[INSERT TABLE 5]

4.1.2. Evidence from inventor-level data

Direct feedback from the inventors’ survey is répdrin Table 6. Inventors seem to be

strikingly unaware of the royalty shares in fordetheeir universities (see Question 1).

% These two universities are the University of Cadizd the University of Extremadura. The first eais
the inventor royalty share from 50% to 90% in 200ie second one defined its royalty sharing scledul
in 2005, with a very generous 80% inventor royahgre.
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However, most of the inventors who are aware ofaltyyshare values claim to be
incentivised by royalty sharing, with a relativedynall percentage of inventors being
highly influenced by royalty sharing (see questi®n Interestingly, most of the

inventors who are either unaware of the royalteesyho are aware of them, but are not
influenced by the current royalty schedules, stht there is a minimum inventor

royalty share threshold that would trigger thefodf(see question 3). Surprisingly, the
average value of this threshold is below the averadue of the inventor royalty shares

in force (see question 4.

[INSERT TABLE 6]

Figure 2 splits the respondents, based on wheltegr dre sensitive, or not, to royalty
sharing, and on whether they are incentivised,oby oy the royalty sharing schemes in
force. Around 33% of the respondents in Portugal 8pain are totally insensitive to
royalty sharing, meaning that they would not inseedheir effort for any value of
inventor royalty shares, whereas the remaining 67%ventors is sensitive to royalty
sharing. Regarding this last group, 33% (19%) ofeiriors in Portugal (Spain) are
already incentivised by royalty sharing, with rdyed having a varying degree of
importance for them. Importantly, 34% (48%) of thensitive inventors in Portugal
(Spain) are not incentivised by royalty sharingpatsent, but would be for higher
inventor royalty shares. The vast majority of theeintors in this last group is unaware
of the current royalty sharing schedules. This mehat TTOs could perhaps achieve
better outcomes by providing updated informatiors¢@ntists on the current inventor

royalty share value¥.

[INSERT FIGURE 2]

The results in this section are interesting foe¢hreasons. Firstly, the fact that incentive

effects arise for onlyabout one third of respondents means that mosinioxe are

% This last point is entirely driven by ‘unawarevamtors, who set the “effort” threshold lower trthe
threshold set by ‘aware’ (but uninfluenced) inveato

" Notice that many of the inventors in the last grque. could be incentivised, but are uninformed)
provide effort thresholds (royalty thresholds ab@xéch it would be worthwhile to increase theiraafj
below the royalty shares in force at their univigsi(see Table 6, row 4.3). This reinforces theggtion
that improved information practices about royaltgisng could be particularly effective.
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driven by motives other than royalty sharing whegaging in patenting activitiés.
Secondly, inventor-level data reveals that royaltgring does incentivise the effort of
some researchers, while university-level data sstggiat this incentivised effort fails
to translate into increased patenting, or licengaigleast in Portugal). Thirdly, the
finding that a relatively small percentage of iniea are incentivised by royalty
sharing helps explain the discrepancy in the resalitained by papers using university
vs. inventor level data: inventor-level studiesjahhtend to average over inventors, find
no incentive effects, as the average inventordeaa not motivated by royalty sharing;
however, the effort triggered in the few incentadsnventors might result in increased
licensing revenue for the university (though thmsversity level effect is not robust in

our paper).

4.2. Could the current royalty sharing schedulembee effective?

Figure 2 shows that most inventors are sensitiveoyalty sharing. However, only a
few of these sensitive inventors find royalty shgrto be highly influential. Why do
royalty shares matter relatively little for thosevéntors who are sensitive to them?
Below, we discuss the extent to which tpeekeeperor theability effects might be

diminishing the incentive effects of royalty shares

TTOs’ gatekeeper effect— As in most European countries, Spanish and Boete
universities retain ownership of intellectual prageights, with the commercialisation
of inventions depending ultimately on TTOs. Thisame that inventors’ licensing
revenues are largely dependent on the ability dd3 1o find licensees and to negotiate
agreements. As discussed in the analytical setianmpssible reason for royalty shares
having a smaller incentive effect, or no effectalif is that the TTO is not pursuing
invention commercialisation with the necessaryrnsigy. Does the TTOs’ inability to

successfully commercialise inventions accountlierineffectiveness of royalty shares?

A formal method of empirically testing for the geg¢eper effect in the US has involved

exploiting the fact that private universities areorm aggressive than their public

%8 Several papers find reputation to be the main veofor scientist's involvement in patenting (e.g.
GoOktepe-Hulten and Mahagaonkar, 2010; Baldini et 2807). Scientists might also be able to
commercially exploit patents without necessaritefising them (i.e. through spin-off creation, orIR&
contracts).
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counterparts in their licensing strategiésThis strategy, however, cannot be
implemented in Europe, where the bulk of univegsitperforming scientific research
are public®® We have to rely on qualitative information deriviedm the surveys. We

explicitly asked the TTOs to identify the outconmmssued via their royalty sharing

schemes.

The results to this question are reported in Tablénterestingly, most of the TTOs
claim to use royalty shares to incentivise unitgrgiatenting and to improve their
scientific production. However, they are relativelyinterested in using royalty sharing
to maximise licensing income — less than a thirdntmeed being interested in
maximising total licensing revenue (27% in Portugahtd 31% in Spain), or TTO
revenue (9% in Portugal, and 5% in Spain). Thik lafcinterest in generating licensing
income anticipates poor commercialisation perspestfor inventions. This perception
was backed up by comments from several respontetite inventors’ survey, pointing
out the inability of their TTO to commercialise gions as the main reason for not
caring about royalty sharing. The general feelisgperhaps best captured in the

following words of one scientist: “who cares abgatting 100% of nothing?”

Overall, the feedback from the surveys is consisteith the econometric results
reported in Table 5, where the proxies for the itpalf the TTO at commercialising
inventions (i.e., the size and age of the TTO)gererally found not to be significant

(with only age having a positive effect on patenting imtégal).

[INSERT TABLE 7]

Inventors’ ability effect — Inventors would certainly not respond to royaftgentives
if their ability to perform applied research waslsuhat their chances of producing
licensable inventions were non-existent. We useinentors’ survey to determine

whether inventors capable of producing high qualisearch are better informed about

% This is the strategy adopted by Lach and Scharker(8008). Belenzon and Schankerman (2009)
report that private universities are more likelyatiopt incentive pay. In contrast, public univéesitend

to care more about local development objectives| aiten prefer to offer licenses to local start-up
companies (at the expense of foregone license iaf.om

%0 Belenzon and Schankerman (2009) find that TTOgtup incentive pay have between 30-40 percent
more income per license. This effect is robust ifteinces in university ownership. We sought to
implement this strategy but, unfortunately, almoshe of the universities in our sample adopt ingent

pay.
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royalty shares and more sensitive to the valuehekdé shares. We construct two
dependent variables based on the results repartédhble 6: a dummy variable with a
value of one if inventors are aware of the royahare, and zero otherwise; and a
dummy variable with a value of one if inventors sler the royalty share to have a
high or medium influence on their efforts to beentive, and zero otherwise. We
regress these two variables on three measuresaftor quality: whether the inventor’s
patents were filed in patent offices abroad; theniber sexenio$ earned by the
scientists, and; whether the inventor holds tHe 6f ‘professor’, or not. Only the last
indicator of quality is available for Portugal, atitus the results presented in this
section are largely based on evidence from Spdua.r&sults are reported in Table 8. In
all cases, we control for gender, age, and a @&lbsuniversity and field fixed effects.

In columns (1) and (5), our proxy for quality inplied research is a dummy variable
with a value of one if the inventor’s patent wdsdiat the USPTO or the EPO between
2005 and 2009, and zero if it was only filed at tla¢ional office (our preferred proxy).
Inventors with patent applications abroad have gniicantly higher degree of
awareness of royalty shares, but they do not sedimd them to be more important for
incentivising their research efforts. In the otkelumns, we use a set of variables that
proxy a more generic type of quality: a set of duymwariables representing the
different number ofsexeniosearned by a scholar (columns 2 and 6), and a dummy
variable with a value of one if the inventor hottis title of ‘professor’ (columns 3 and
7). Neither of these variables seems to explaiierdiht attitudes towards royalty shares.
If anything, inventors with fousexeniosseem to be slightly more aware of royalty
shares than inventors with sexeniogbut only at the 10% significance level). Finally,
the results remain stable when all the variables iacluded simultaneously in the
regression in columns (4) and (8). Interestinghgré are significant gender differences

for the degree of awareness of royalty shares.

The finding that inventors with international patapplications are substantially more

aware of the royalties is of particular interest, iasuggests that only high quality

31 Sexeniosare a supplement to a researcher’s salary awdotleding evaluation by a national agency
(CNEAI, National Commission for the Evaluation ofe$®arch Activity). This evaluation gives
substantial weight to publications in internatiojmlrnals listed in the ISI's Journal Citation RegoIn
the Spanish research systesaxeniosare seen as evidence of scientific excellence tlagid use has had
positive effects on Spain’s scientific productised Jiménez-Contreras et al., 2003).
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patents with a good chance of being licensed prevokentors’ curiosity for learning
about royalty sharing. However, as Table 4 shoWws, dercentage of inventors with
patent applications abroad in our sample is exthegfoes (below 10%), which indicates
that most inventors are producing patents witHelitommercial value and, hence,
royalty share does not matter much to them. Allalh it appears that pecuniary

incentives would matter more if patents were regest in patent offices abroad.

[INSERT TABLE 8]

5. Conclusions

The first research question that we have invesithat this paper is whether inventor
royalty shares serve as an effective pecuniaryniinge at Portuguese and Spanish
universities. Evidence from a new inventors’ survagicates that one third of patent
applicants are incentivised by current royalty stgaschedules, one third would be
incentivised by higher royalty shares, and thatrémeaining third is totally insensitive

to royalty sharing. However, plain regressions aiversity level datasets suggest that
the incentive effects documented by the inventsusvey fail to translate into increased

patenting or licensing income.

The second research question that we have soughsteer is whether incentive effects
are diminished by environmental factors. While miasentors are sensitive to royalty
sharing, only a few find royalty sharing to be Higimfluential. Why do royalty shares
matter relatively little for those who are sengtio them? It would seem that inventor
royalty shares are not as influential as they ctwalan account of the poor commercial
prospects of university inventions. Two possiblasans can be put forward to account

for these poor expectations.

Firstly, TTOs may not be sufficiently focussed amuenercialising inventions. It should
be stressed that in Portugal, as in Spain, resesuigbrsities are overwhelmingly public
and that their TTOs eventually lack a clear commaéarientation. Indeed, in Portugal,
some TTOs claim to be much more concerned withoredi development and the
boosting of local entrepreneurship through univgrspin-offs, than in licensing

revenue (see Cartaxo and Godinho, 2014). In sorsescaoyalty-free licenses are
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offered to local firms simply to maximise the chascof university-generated
knowledge being diffused among local economic agyehfurther potential explanation
for their lack of interest in maximising licensingcome is that TTOs can rely on other
sources of financing, including university fundsyenues from training, and consulting
services, and also overheads charged to researfribensEuropean project. Our
surveys for TTOs reflect this lack of interest icehsing income. Surprisingly, royalty
sharing schemes seek to maximise the number ohtsatand not the amount of
licensing revenues, as one might expect. This siggthat TTOs fail to fully
understand that royalty sharing can serve as amiive by providing enhanced revenue
opportunities for researchers. A line of futureedsh could thus be to explore this
apparently poor performance, researching on whyattien of these TTOs seems not to
be concentrated on licensing revenue, thus favguiher priorities and strategies as an

alternative.

Secondly, many inventors seem to be failing to peedicensable inventions. Inventors
whose patents were filed abroad (arguably highafityupatents) seem to care more
about royalty sharing. However, only a few univigrémventions in Portugal and Spain
were granted patents abroad. While the number pfetsity patents in Portugal and
Spain has grown dramatically in recent years, thaity of these patents might not yet
be good enough to generate licensing income. Iteaspthat in both countries,
inventors are more interested in obtaining patem@nhance their reputation, and then
in exploiting this reputation premium to foster haology transfer through R&D
partnerships with industry. Another possibility tbube that patents are used to
strengthen technology transfer through the creaifapin-off firms. In neither of these
cases would patenting be related to licensing. &mesults imply the need to develop
further studies to research to what extent thefeetsfare taking place, and whether a
trade-off may actually be happening between licepmsaand the creation of spin-off

firms.

%2 We should add that most TTOs, particularly thesPartugal, but also in Spain, are small, and atit
very early stage of the learning curve. Howeveerahe last fewyears, the patenting policies of some
TTOs have shifted from a “quantity”, to a “qualitgtrategy. Indeed, a number of TTOs now seem to be
more commercially aware of their licensing actadti and have attained a critical scale whereby ¢hay
successfully license their universities’ patents.
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Clearly, a further explanation for the absence mf mcentive effects attributable to
royalty sharing could be that university scientist® disproportionately driven by
traditional academic motivations (i.e., eponymyizes and publication). Despite this
argument having been taken into account by ourytoal model, it has not been
empirically tested in this paper. Indeed, it shdmddstressed that in Portugal and Spain
alike, more importance has traditionally been dialcto academic activities, such as
publishing, for obtaining tenure and other careesnmtions, than to patents or
licensing. Thus, classic academic incentives casdi@ to impose a lower importance
for the pay-off from commercially-oriented researstientists will only devote effort to
producing commercially-oriented inventions if thepected gains from so doing are
greater than the gains from producing publicatires, the possibility of obtaining

tenured positions, promotions, and eventually wagesases).

Other explanations for our results, which couldodi® explored by future research,
include the appropriability regime of the technoésgdeveloped by university inventors
and the possible geographical effects. Some higalyable technologies produced by
university inventors might not be adequately pr&ecby patents. Unpatented
technologies, for which property rights are notlvaalimited, are more difficult to be
exchanged in the marketplace through licensing. &w@n if university technologies
were suitable for patent protection, geographiéces could be a limiting factor for
their commercialisation. TTOs belonging to smalleiversities may lack the capacity
to negotiate licenses with potential customers textanuch beyond the university's
region, even when using the services of technolwgiers. The impossibility to reach
global markets would considerably restrict the pté& set of licensees to local, mainly
low-tech, firms. Moreover, in future studies it e interesting to assess whether the
emphasis of some TTOs on regional technology temnsfight have a higher social

return than the alternative of focussing mosthioansing to external licensees.

Our paper has policy implications. Most invento@vén been found to care about
royalty sharing. However, in practice, only a fefasach sensitive inventors are highly
influenced by royalty sharing. Hence, it would se#mt royalty sharing has the
potential for achieving much stronger incentiveeet§. Understanding how to unfold
this potential is of primary policy interest. Threeurses of action can be taken. First,

most of the inventors that have been defined asgbgensitive, but non-incentivised,
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are unaware of the royalty sharing schedules icefoFhe minimum threshold value for
which these inventors would be willing to incrediseir effort is often equal, or below
current inventor royalty shares. So a good stargomt would consist of informing
inventors about royalty sharing. Second, both TTDd inventors need to acquire
greater commercial orientation, in order to ensilvat the licensing income being
shared is non-trivial. TTOs would have to commitertiselves to pro-active
commercialisation practices, including searchingliftensees, and not just encouraging
invention disclosure and undertaking the ensuingiaigtrative tasks. Given that most
Portuguese and Spanish firms are not technologgehbabe demand for licenses is
primarily from abroad, which means a successfdnging strategy would require the
specific targeting of international licensees. $anty, scientists will have to become
more commercially-oriented. In other words, scestineed to be able to produce
inventions that can be economically exploited tigltoypatenting and licensing. Third,
most TTOs in Portugal and Spain are rather smadl,itis very hard for each to have
the full expertise needed to successfully explbegrtpatent portfolios. A possibility to
consider, is the stimulation of the merger of TTt@duild critical mass, or at least to

enhance their coordination to target internatidicahsees.

However, it is not our wish to overstate the poligyplications, as it might simply not
be optimal from a welfare viewpoint to maximiseelsing income. Indeed, universities
in Spain and Portugal are public and, as suchlikeby to prioritise other goals. For
instance, they might prefer to maximise regionaletigpment, for which there are
forms of technology transfer, such as spin-off tosa and R&D cooperation
agreements which are likely to better serve thipgse. Spin-offs, for example, tend to
be located in the same region as the universitynfhich they emerge, thereby
guaranteeing regional development (Zhang, 2009keiuet al., 1998). Licensing, on
the other hand, only spurs regional developmenhvéntions are licensed to local
licensees, which might be at odds with maximisifegrising incomé&® Moreover,
universities might prefer their researchers to canmonacademic research, as they may

perceive this to be a greater source of spillotleaa commercially-oriented research.

% Belenzon and Schankerman (2009) find that publiivarsities with strong local development
objectives see their licensing income reducedhay prefer to license to local firms (even if itasa
discount).
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The apparent lack of interest shown by PortuguadeSgpanish universities in licensing
income might therefore be totally legitimate. HoweVvITOs in both countries do use
royalty sharing schemes to improve technology fean# is perhaps this coexistence of
royalty sharing policies and the lack of interastlicensing income that is somewhat

puzzling, as royalty sharing is most effective wheombined with a credible
commitment to commercialisation.
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FIGURES

Figure 1. Distribution of inventor royalty sharesRortugal and Spain
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Figure 2. Sensitive and incentivized inventors.

All respondents

Insensitive to royalty sharing Sensitive to royalty sharing
e 33% in Portugal e 67% in Portugal
e 33%in Spai e 67%in Spai

Incentivized by the current
inventor royalty shares

e 33% in Portugal

e 19% in Spain

Could be incentivized by a
higher inventor royalty share
* 34% in Portugal

* 48% in Spain

Highly incentivized

Informed about current

7% in Portugal royalty sharing
3% in Spail * 2% in Portugal
* 3% in Spain

Moderately incentivized
- e 13%in Portugal
e 6% in Spain

Uninformed about current
L| royalty sharing

*  32% in Portugal
Barely incentivized *  45% in Spain

- e 13%in Portugal
e 10% in Spail

Notes: The percentages in this figure are calculated imitbrmation provided in Table 6. Percentages &mays with respect to
the total number of respondents and they are baséoe following definitions are calculations:

Insensitive to royalty sharing: respondents that do not (or would not) react tg aalue of the inventor royalty share.
Consistently with this definition, the percentageespondents that are insensitive to royalty sigais obtained by dividing the
number of “no” in question 3 over the total numbérespondents in the survey (0.49*141/212 in Ryatand 0.41*492/606 in
Spain).

Sensitive to royalty sharing:respondents that (would) react to sufficienthgawalues of the inventor royalty share. Following
this definition, the percentage of respondents dhatsensitive to royalty sharing is obtained ag4d.of respondents insensitive to
royalty sharing.

Incentivized by the current inventor royalty shares respondents who state that royalty shares have Haigh”, “medium” or
“low” influence on their decision to generate pa#drhe inventions. Consistent with this definitiome obtain the percentage of
respondents incentivized by the current inventgality shares by multiplying the percentage of “yestjuestion 1 by the sum of
the percentage of “high”, “medium” and “low” in gstéon 2 (48%*(14%+28%+28%) in Portugal and 28%*(1#128%+34%) in
Spain). Similarly, we obtain the percentage of mwees that are highly, moderately and barely ine&ed by multiplying the
percentage of “yes” in question 1 by the percentddligh”, “medium” and “low” in question 2 respteely.

Could be incentivized by a higher inventor royaltyshare: respondents who are not incentivized by the cumayalty shares,
but who state that there is an inventor royaltyresHar which they would be willing to increase theffort. Consequently, we
have calculated the percentage of respondentscthdtl be incentivized by a higher inventor royadtyare by dividing the
number of “yes” in question 3 by the total numbéraspondents in the survey (0.51*141/212 in Patwnd 0.59*492/606 in
Spain). Notice that the pool of sensitive respotsltimat could be incentivized is formed by two sualngs: a very small group of
respondents who are aware of the royalty sharesm@n“none” in question 2 and “yes” in questiona®)d a large group of
inventors who are not aware of the current royadtyares (answer “no” in question 1 and “yes” in does 3).



TABLES

Table 1. Literature review

Country and
years

Dependent

Paper Data and sources variable

variable

Explanatory
Findings

GROUP A. Unit of analysis: university / Type of country: hitjcensing income

Friedman and Panel of universities. uUs, 1997- Number of
Silberman Sources: AUTM Licensing 1999 licenses and
(2003) Survey; National Research licensing income
Council.
Markman et al.  Cross-section of universities.  US, 1999 Number of
(2004) Sources: AUTM Licensing equity licenses
Survey; own survey to UTTO
directors; web-based searches;
USPTO.
Link and Siegel Panel of universities. us, 1991- Number of
(2005) Sources: Own field interviews to 1998 licenses and
entrepreneurs, administrators licensing income
and scientists from five
universities; AUTM Licensing
Survey.
Lach and Panel of universities. uUs, 1997- Licensing
Schankerman Sources: AUTM Licensing 1999 income
(2008) Survey; own survey to TLOs.
Belenzon and Panel of universities. Us, 1995- Income per
Schankerman Sources: Own survey to TLOs; 2005 license
(2009) AUTM Licensing Survey; patent

data from the USPTO.

Royalty share (1) No effect on number
of licenses; (2) Positive
effect on licensing
income

Royalty share (1) Negative effect

Royalty share (1) Positive effect

Royalty share (1) Positive effect

Performance (1) Positive effect
payin TTO

GROUP B. Unit of analysis: university / Type of country: Idiwensing income

Baldini (2010) Panel of universities. Italy, 1998- Patent counts
Source: Italian Ministry of 2002
Education and PATUNIT
database
Caldera and Panel of universities. Spain, 2001- Number of
Debande (2010) Source: Spanish TTO Network 2005 licenses and

(RedOTRI) Survey licensing income

Royalty share (1) Positive effect

Royalty share (1) No effect on number
of licenses; (2) Positive
effect on licensing

income

GROUP C. Unit of analysis: inventor / Type of country: hifibensing income

Cross section of doctorate
recipients.
Sources: Survey of Doctorate

(1) No effect of inventor
royalty share; (2)

Sauermann et al. Recipients (National Science ~ US, 2003 Involvgment in  Royalty share _Posmve_ effect_of salary
(2010) RN . ; patenting and salary in Physical Sciences but
Foundation); AUTM Licensing T )
i ; not in Life Sciences and
Survey; National Research . :
. Engineering.
Council
Cross-section of scientists. (1) Expectation of
Goktepe and Source: Max Planck Society G Involvementin ~ Monetary and financial benefits is not
. ermany, ; : . .
Mahagaonkar survey on the commercial 2007 disclosure and  reputation important; (2)
(2010) activities of 2,500 scientists patenting expectations expectation to increase
affiliated to 67 institutes reputation is important.
GROUP D: Unit of analysis: inventor / Type of country: loigénsing income
Cross-section of university (1) Personal earnings do
Baldini et al. inventors. ltalv. 2003 Involvementin  Personal not represent a main
(2007) Source: own survey to university Y patenting earnings incentive; (2) Reputation
inventors. matters.




Table 2. Descriptive statistics

Portugal Spain
Mean S.D. Min Max Mean S.D. Min Max
License revenue regression
(N=7, N*T=29) (N=39, N*T=155)
License income (in thousands of Euros)0.27 50.82 0 274 66.32 99.59 0 600
Royalty share 55.00 7.93 50 80 53.87 10.71 33 90
Pre-sample patent applications 10.96 17.68 1 49 20 8. 8.06 1 36
Size of TTO 5.20 2.88 1 9 17.31 15.71 3 83
Age of TTO in 2007 5.37 3.31 0 11 15.95 3.52 4 20
Faculty size 991 462 424 1,924 2,812 4,565 546 84D,
R&D (in thousands of Euros) na na na na 33,243 67, 3,825 119,000
Science park dummy variable 0.79 0.41 0 1 069 604 O 1
Patent application regression
(N=15, N*T=56) (N=39, N*T=188)

Patent applications 9.52 10.06 0 54 11.95 11.47 0 72
Royalty share 54.82 8.89 30 80 53.67 11.43 33 90
Pre-sample patent applications 9.24 13.22 0 49 47.7 7.66 1 36
Size of TTO 4.47 2.80 1 9 16.35 14.96 3 83
Age of TTO in 2007 5.20 4.77 0 17 15.74 3.65 4 20
Faculty size 961 417 424 1924 2,617 4,192 546 40,8
R&D (in thousands of Euros) na na na na 31,225 624, 2,575 119,000
Science park dummy variable 0.64 0.48 0 1 069 604 O 1




Table 3. Variable definitions and sources

Variable

Definition Source Portugal Source Spain

Licensing income (in
thousands of Euros)

Patent applications

Inventor royalty share

Pre-sample patent
applications

Size of TTO

Age of TTO in 2007

Faculty size

R&D (in thousands of
Euros)

Science park dummy
variable

Total licensing income of the university in thoudarof Survey to TTOs Red OTRI Surveys
Euros. It includes income not only from patentsdlsb

from other sources such as software, databasewer-k

how. In Spain, licensing income from patents ig/onl

observed from 2009 onwards and accounted, on aggerag

for 37, 63 and 58% of total licensing income in ylears

2009, 2010 and 2011 respectively.

Number of patent applicationthé national offices Portuguese patent office n&tepatent and
trademark office

Share of license revenuatsgbes to the inventor as Survey to TTOs Survey to TTOs and
established in the royalty sharing scheme of theeusity tables in Gonzalez-
Albo-Manglano and

Zulueta-Garcia (2007)

Average number of patent applications in the nation Portuguese patent office Spanish patent and
office in the years 2005 and 2006 trademark office
Number of workers in the TTO that havechnical 2008 Survey to TTOs Red OTRI Survkys
profile
Age of the TTO in 2007 2008 \&ayrto TTOs Red OTRI Surveys
Number of researchers in the unive(sitSpain this http://w3.dgeec.mec.pt/rebides/20XX/ Red OTRI SysVe
corresponds to the PDI categories described in the
LOMLOU)
Total amount of research support committed to the na Red OTRI Surveys

university through programs for financing publisearch

A dummy variable with value one if the universitgsha Own elaboration via internet searche®ked OTRI Surveys
science park. and phone calls to universities

Notes: 1. http://www.crue.org/Publicaciones/Padimdsrme-RedOTRI.aspx?Mobile=0; 2. The tables wtita royalty shares can be found in
http://www.scielo.br/pdf/ci/v36n1/a05v36nl.pdf.



Table 4. Inventors’ characteristics (from the inees’ survey)

Portugal Spain
Mean S.D. Mean S.D.

Age 46.89 8.52 46.39 9.27
Male 0.71 0.77
Permanent contract 0.54 0.82
Position

PhD student 0.00 0.04

Postdoc 0.02 0.08

Assistant professor 0.43 0.09

Associate professor 0.37 0.51

Professor 0.17 0.29
Number of ‘sexenios na 2.15 1.69
International patent applicatichs na 0.09
Field

Architecture 0.01 0.02

Biology? na 0.06

Chemistry 0.05 0.14

Engineering 0.47 0.37

Medicine 0.03 0.05

Pharmacy 0.05 0.04

Physic$ na 0.07

Science and Technoloy 0.27 na

Technology and Management 0.02 na

Telecomunications na 0.06

Other 0.10 0.19

Notes: The statistics for Portugal are based on2h2 responses for which we have full
information. The statistics for Spain are basedtlmn 606 responses for which we have full
information except for the variable “Internationgdtent applications” for which we only have
information for 573 researchers. The variable ‘in&tional patent applications” is a dummy
variable with value one if the inventor has intéio@al patent applications (in the USPTO and
EPO offices) and zero otherwise. This was not okthidirectly from the survey but from
matching the survey with the original database atemts retrieved from the patent offices. All
the variables are dummy variables except for “Agatl “Number ofsexenios and we only
report standard deviations for these last two W& a) The number ofSexeniosis a
recognition awarded to Spanish scholars that doese»ist in Portugal (see footnote 23 for fuller
explanation), the number of international pateniliaptions by scientist is available for Spain
but not for Portugal, the fields “Biology” and “Ps$igs” are specific to the Spanish survey. b)
The fields “Science and Technology” and “Technoland Management” are specific to the
Portuguese survey.



Table 5. License revenue, patent applications anehitor royalty shares

Portugal Spain
Patent applications License revenue Patent applications License revenue
1) (2) 3) (4) ©) (6) (1) (8)
Royalty share 0.00 -0.01  0.05 0.03 0.01 0.01 0.01 0.01
(0.02) (0.02) (0.02) (0.02) (0.01) (0.00) (0.02) (0.02)
log(Pre-sample patent applications) 053 0.28 -0.21 1.65 0.787 0.58" 0.88" 0.28
(0.14)  (0.17) (0.25)  (2.57) (0.07)  (0.10) (0.25)  (0.35)
log(TTO/Faculty) -0.36 -9.98 0.10 0.17
(0.20) (9.02) (0.08) (0.39)
Age TTO 0.26 4.12 0.03 -0.04
(0.12) (4.06) (0.06) (0.25)
Age TTO squared -0.01 -0.49 -0.00 0.00
(0.01) (0.51) (0.00) (0.01)
log(Faculty) -0.12 -10.45 0.417 0.63
(0.25) (11.39) (0.16) (0.39)
log(R&D/Faculty) 0.23 0.51
(0.13) (0.39)
Science park dummy variable -0.33 -0.83 0.05 -0.00
(0.42) (0.49) (0.12) (0.47)
Constant 0.72 0.09 -221  16.29 012 -6.10 1.15  -10.53
(1.07)  (1.90) (0.87) (23.60) (0.28)  (2.96) (0.92)  (8.80)
Observations 56 56 29 29 188 188 155 155
Universities 15 15 7 7 39 39 39 39
R-squared 0.34 0.45 0.28 0.48 0.66 0.71 0.24 0.34

Notes: *** ** and * indicate significance at the%d, 5% and 10% levels, respectively. Clustered (hivarsity) robust
standard errors in parentheses. The dependenblaisathe log of one plus the number of patentiegiions and total license
revenue. All the regressions include a full setirme dummies.



Table 6. Inventors’ opinions on the effectivenelsthe royalty shares

Portugal Spain
1) Do you know what the inventor royalty shareniyour university?
Yes (%) 48 28
No (%) 52 72
# Respondents 212 606

2) What is the influence of the inventor royaltyashon your decision to generate
patentable inventions? (Addressed to responderdsambwer “yes” to question 1)

High (%) 14 11
Medium (%) 28 23
Low (%) 28 34
None (%) 30 33
# Respondents 102 168

3) Is there a minimum threshold above which you dind it worthwhile to
devote efforts to producing patentable inventiopfsfdressed to respondents who
answer “no” to question 1 or “none” to question 2)

Yes (%) 51 59
No (%) 49 41
# Respondents 141 492

4) What is this threshold? (Addressed to reseasciveo answer “no” to question
1 or “none” to question 2, and “yes” to question 3)

4.1) All researchers

Mean 43.8 28.9
S.D. 20.4 20
# Respondents 72 232

4.2) Researchers who know the current royaltyeshar

Mean 50 40.41
S.D. 0 27.7
# Respondents 5 17

4.3) Researchers who do not know the current tpghlares

Mean 43.3 28.1
S.D. 21.1 19.27
# Respondents 67 215

Difference 4.2)-4.3)

Mean 6.7 12.3
S.D. 9.5 5
p-value 0.5 0.015




Table 7. Goals pursued with the established roysdtyre (from the TTO survey)

Portugal Spain
a. Incentivize an increase in university patentivtg 50 93
b. Maximize total income from patents (%) 27 31
c. Maximize university (TTO) revenues (%) 9 5
d. Favor the development of “spin-off” (%) 23 10
e. Improve the scientific production of the univir$%o) 36 40
f. Attract high quality researchers (%) 9 2
Total number of respondents 22 45

Notes: the responses are not mutually exclusivestM@Os generally selected one or two
goals (with a few even identifying three).



Table 8. Inventors’ quality and effectiveness @& thyalty shares. Evidence for Spain (from the imegs survey)

Awareness High or medium importance
(1) (2 ©)] (4) () (6) (1) (8)
Spain
USPTO-EPO  0.63 0.64" -0.08 -0.00
(0.21) (0.21) (0.45) (0.45)
1 sexenio 0.16 0.17 0.13 0.13
(0.26) (0.26) (0.77) (0.77)
2 sexenios 0.21 0.23 -0.40 -0.43
(0.20) (0.20) (0.63) (0.61)
3 sexenios 0.35 0.39 0.08 0.03
(0.25) (0.24) (0.48) (0.48)
4 sexenios 0.58 0.60 -0.58 -0.80
(0.31) (0.32) (0.83) (0.74)
5 sexenios 0.42 0.38 -0.21 -0.40
(0.37) (0.37) (0.82) (0.85)
6 sexenios 0.31 0.43 -0.62 -0.85
(0.46) (0.47) (1.15) (1.11)
Professor 0.13 -0.03 0.04 0.30
(0.20) (0.23) (0.42) (0.43)
Male 0.60" 0.63" 0.60" 0.63" 0.43 0.50 0.44 0.39
(0.21) (0.21) (0.22) (0.21) (0.67) (0.74) (0.73) 0.70)
Age 0.01 0.00 0.01 0.00 0.01 0.02 0.01 0.02
(0.01) (0.01) (0.01) (0.01) (0.01) (0.03) (0.02) 0.08)
Constant -2.37 -2.01" -2.18" -2.07" -4.55" -5.17" -4.59" -5.20"
(0.70) (0.91) (0.78) (0.92) (0.94) (1.84) (1.26) 1.60)
Pseudo R2 0.15 0.15 0.14 0.16 0.14 0.15 0.14 0.15
Observations 536 534 536 534 119 118 119 118
Portugal
Professor 0.13 -0.54
(0.67) (0.68)
Male 0.52 0.63
(0.29) (0.77)
Age 0.01 0.04
(0.02) (0.03)
Constant 0.58 -3.43
(0.82) (1.38)
Pseudo R2 0.18 0.19
Observations 181 84

Notes: *** ** and * indicate significance at a 1%% and 10% level respectively. Clustered (at thivarsity

level) robust standard errors in parentheses. Bttim method: probit. The dependent variables adumamy

variable with value one if the inventor is awarettod inventor royalty share in her university (cohs 1-4) and a
dummy variable if the inventor claims that the intgg royalty share was of high importance at statiof her

effort (columns 5-8). All the regressions includéull set of university and field dummies. In thegressions we
use all the available observations from the sunfeysvhich all the variables needed in the regssihave non-
missing values.
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APPENDIX

Table 1A. Replication of Table 5 estimates for Smhiopping the observations
corresponding to the University of Cadiz and thévrsity of Extremadura
Patent applications  License revenue
©) (6) (1) (8)
Royalty share 0.01 0.01 0.04° 0.05°
(0.01) (0.01) (0.02) (0.02)
log(Pre-sample patent applications) 0779 0.60" 0.80" 0.02
(0.07) (0.10) (0.23) (0.27)

log(TTO/Faculty) 0.11 -0.22
(0.09) (0.33)
Age TTO 0.03 -0.02
(0.06) (0.25)
Age TTO squared -0.00 0.00
(0.00) (0.01)
log(Faculty) 0.38 0.55
(0.17) (0.41)
log(R&D/Faculty) 0.21 0.91"
(0.14) (0.28)
Science park dummy variable -0.01 0.27
(0.12) (0.44)
Constant -0.07  -5.62 -0.35 -20.59"
(0.26) (3.23) (0.97) (6.58)
Observations 178 178 148 148
Universities 37 37 37 37
R-squared 0.68 0.72 0.28 0.42

Notes: *** ** and * indicate significance at the%, 5% and 10% levels,
respectively. Clustered (by university) robust d&md errors in parentheses. The
dependent variable is the log of one plus the numbg@atent applications and
total license revenue. All the regressions incladell set of time dummies.
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