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ABSTRACT

This paper contributes to literature by giving mgseecise measures to technological

innovation in order to estimate its economic valuel assess its impact on the financial
performance of companies in Europe. Focus is gieeiuropean patent system which is

different from the American one. Financial and iation data are collected during 1990-

2012, for 599 companies belonging to 15 industdesording to market value approach, the

relationship between market-to-book ratio and kmalge assets is proved to be positive and
significant. Innovation is more valuable when ihtridoutes to wider knowledge transfer, has

larger geographical and technological scopes atidaiacharacter.



INTRODUCTION:

Innovation is considered as a key factor of ecooatevelopment and one of the main
engines of growth. The importance of its role hasrbemphasized in a complex context of
successive technological revolutions and an ungexded market liberalization that led to
high competition between firms in all industries. has become a strategic tool in the
acquisition of a competitive advantage on the lomg for both large and small firms, M.
Porter (1990). However, innovation is known as l«ffl uncertainties and with a high
probability of failure», Holmstrom (1989). Its macharacteristics ardskinessand the
uncertainy of its profitability as éneavyinvestmentin its early stage, investors are uncertain
about the right value of the project, and whetherfunds they raise will be totally employed
in the perspective of fulfilling the innovation. @iders are faced to complicated and
ambiguous mechanism divulgated only by insiderpeeslly the qualified ones (engineers,
managers...), who are perfectly informed about tlarieal and financial requirements of
the investment. Hall and Lerner (2009) explainedt thncertainty is due partially to the
temporal lag between investments in R&D activities, the innovation’s input, and the
obtaining of final output. As much as the lag isdoit is quite hard for investors to assess the
failure or success’s probability of such investmamd to calculate reliable expected returns in

information scarcity.

In addition to its high risk implication, one ofelmain issues related to innovation, in
general, and technological one in specific, is diféiculty of its valuation. The ratio of
knowledge assets to total assets continues to gr@asply and contributes to enhance the
difference between market value and book valueistéd companies. This phenomenon
mirrors the importance of knowledge stocks in fitiah markets and their crucial role in
assessing firms’ values. Nevertheless, an obviaak bf precise measurement method of
innovation is still observed in literature and pireal context. The probability of measurement
error is emphasized in Europe where accountanaydatds are very specific for R&D
expenses. Unlike American regulation where it impalsory to disclose information about
R&D expenses, European companies do not have the shligation and have the choice to

hide this information probably for strategic motieas, (Gambardella, 2014). The absence of
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common disclosure rule is the first source of diffty in the assessment of knowledge assets
in Europe. Looking at the output of innovation gss, patents have been for long considered
as the best proxy of company’s capability to tramsf and combine R&D efforts into
valuable and concrete output on markets. At thigllef innovation process, the assessment
of knowledge stock is still problematic for investoThough the availability of patent data
and its simple use, patents have been criticizedéng a “noisy’” measure of innovation,
Griliches (1981). The sharp increase in patent iegipdbns in the United States Patents
Trademark Office (USPTO) has contributed to the kmeas of patents as instrument of
innovation. Lower barriers to obtain a monopolyipos for the use of one’s invention were
behind the deterioration of patents quality in h® but also in other jurisdictions. Patents
grants are, consequently, not considered as effiaeasure of the innovation quality.
Besides, companies are faced to an important tfdletween revealing the secrecy of their
inventions when applying for patents and keepirgyphvacy of the information for insiders
by renouncing to it. Though it guarantees the esteturight of benefitting from the invention,
patents carry the risk of litigation and imitatio$is made firms often reluctant to apply for
legal protection even for the most relevant invamgi In this context, it is more difficult for
investors to make the difference between knowlemlgputs with high economic value; the
assessment on the basis of this proxy is still yjuZzonsequently, it has been proved that
limiting innovation to simple patent count is ad®d measure since it does not mirror the

right value of inventions.

The purpose of this paper is to find better measarg of the private value of
innovation inside European companies. | make ugmtg#nts’ attributes in order to assess the
economic value of inventions and study its impant fmmancial performance. Forward
citations (when patent A is cited by other applisaas prior art, see Variables Definition
section) are the most commonly used quality measureerature, Hall and al. (2007), as it is
supposed that the most a patent is cited by otheurdents (patents, scientific papers...), the
higher is its economic and technical value. Restutlies used complementary proxies of
patents quality, such as the family size and thmber of claims (all attributes are defined
subsequently in specific sections). The noveltyhed research is to gather, a complete set of
gualitative measures provided by OECD patents dagbJuly 2013. | resort to market value
approach in order to valuate private value of iratmn and verify the existence of its positive



effect on financial performance. Literature refersa second valuation method in addition to
market value approach; innovation may be assessemigh total factor productivity,

(Mansfield 1968). Differences between both methogdigls will be explained in subsequent
sections. The use of market value approach imphiegestriction on listed companies. | do
focus my research on European context but keepga lange of industries, unlike most of
previous studies. The relation between financefggmance and technological innovation
was has been specific to sectors; Hal and al.(2@ibK the case of software sector, (Klock
(1997), and Lung Ling (2006) of semi-conductorse@manur (2001) pharmaceutical). The
current paper takes technological innovation inlatge sense; all companies with potential

R&D activity are considered as innovative.

| obtain a sample of 599 firms belonging to 15 ehiéint industries and 18 European
countries, and a total number of 78384 patentsiegph theEuropean Patent Offic€PC
between 1990 and 2012. Empirical investigationaiselodl on unbalanced panel data. | find that
R&D expenses to assets ratio is significantly eslab financial performance of companies.
Its impact on market to book ratio exceeds conaldgrall measures of innovation’s output,
i.e. patents and its qualitative attributes. Ordyepts to assets are considered as good proxy
of innovation intensity while its productivity (patits to R&D) does not provide significant
informational signal for investors. Qualitative maees based on forward/backward citations,
technical and geographical scopes are proved atetelwith market-to-book ratio, but still
have a marginal impact compared to R&D to assetsliigs highlight the cumulative aspect
of knowledge assets in European context sincesratidotal attributes to assets have higher
and more significant predictive power than averagigbutes per year. Another important
finding is the importance of qualitative indexe®\yded by the latest work of OECD on
patents, (July 2013). Results prove that compategvalue of patents with their equivalents
via quality indicators is more significant for irsters in assessing knowledge assets. Finally,
| use claims attribute as instrumental variabledatents ratio in order to eliminate potential

endogeneity problems caused by omitted variablemeasurement error. The remainder of

' The European Patent Office offers inventors a umifapplication procedure which enables them to
seek patent protection in up to 40 Europeaunntries. Superviselly the Administrative Council, the
Office is the executive arm of the European Pat@mganisation, (http://www.epo.org/about-
us/office.html).



the paper is organized as follow; the first sectisndevoted to literature review and
hypothesis, followed by description of variableatadand summary statistics. A description of

main results and instrumental variables regressierpresented in the last section.

A- Hypotheses:

The goal of this research is to verify whether tebgical innovation does impact
financial performance of companies, measured by nfaeket-to-book ratio. One of the
novelties of this paper is to come up with a corgpkeet of qualitative proxies that would
allow for better measurement of technological istgn As it was mentioned in introduction,
the main peculiarity is the interest given to Ewap patent seen its specificities with regard
to American equivalent. In this section, | presiet expected results on the conclusion of my

empirical investigation, in view of the Europeamtaxt and observation period.

Hypothesis 1 Technological innovation has a positive impacffioancial performance. This
effect is particularly significant when patents,improxy of innovation, are granted by EPO.
In view of important differences between Europead @merican patents and seeing that
most of previous works did focus on patents thensfrom USPTO, | expect to find positive
and significant relation between all innovation’sasures throughout its process (input,

output and qualitative measures).

Patenting process in EPO is considered to be miggerbus” and with higher barriers
for inventors before final grant, especially innbsr of cost and the relevance of prior art.
First, patenting fees in EPO depend on the geogragbpe of the protection (i.e. the number
of European countries where applicants would ptotheir invention). In a first step,
inventors shall apply for patents in local jurigdios before obtaining the European Patent
Litigation Agreement. These fees may increase kseraflitranslation costs... Firms are, thus,
faced to more important financial constraint wigspect to USPTO which urges them to
resort to European instance only when inventioesaarthy a wider protection. Nonetheless,
Hall et al. (2007) explain that EPO compensatekdrigosts in application stage by rigorous
litigation system after grant date. Actually, apptyin the EPO reduces later fees in case of
litigations compared to USPTO because of strongeptmn rules in the geographical scope
guaranteed by the European Patent Litigation Ages¢n(EPLA). A common “court” for

European countries centralizes difference in gragt strengthens the hypothesis that
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European patents are more protected from plauditidmtions. In most patent offices,
applications are published within 18 months fronogity date whilst in USPTO and until
2000, patents are not published until the grané.da@he latter case is in favor of possible
litigation during the grant lag especially thatay take up to 5 years. Litigations costs would
be higher, in USPTO, since it is more difficultdstinguish the origin of the invention i.e.,
the first applicant for the same innovation. Thestl longer and contribute to the
diminishment of patents economic value. It is imt@ot to state divergences in opposition
procedure; it is possible that other opponentsrtésdhe EPO in order to argument the grant
of a given patent. Both parties; patent holder apdonent have the right to defend their
position in front of the examiner who will decide the basis of given arguments to whom
grant the patent. While in the UPSTO, there is @tgexamination stage which differs from
opposition procedure. Any other party can take dpponent position meanwhile only
applicant can have the possibility to defend itguarents in front of examiner from the
USPTO. Opposition procedure is, thus, another aeginn favor of a rigorous European
patent system; applicants must be able to presgtdrtarguments to defend their knowledge

assets in front of other potential competitors.

Supposing that European patents would have greatpact on the financial
performance of companies stems from another sggmfi difference between EPO and
USPTO dealing with prior art. Applicants in USPTQ@vk the obligation of listing in
exhaustive manner all previous inventions that weoee or less relevant to the patent while
in the EPO applicants may cite only the most retexdocuments to their inventions. The
importance of this difference would interfere whessessing the quality of patents; a cited
patent that has been granted by the EPO was gdartictelevant to ulterior inventions while
forward citations are not good proxy for patentaligy in the American context. Besides,
examiners in EPO are in charge of verifying theststency of prior art and add, if it is
necessary, citations that seem relevant for thention. Consequently, part of the prior art are
given by exogenous and objective parties which @snfmore credibility to citations

relevance compared to USPTO context.

The main work that investigated the value of Euesppatents goes back to Torrisi et
al. (2007); authors made comparison between vabfigsatents granted in the European
Patent Office (EPO) and the UPSTO. They found tmdy patents filed in both jurisdictions
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are significantly related to Tobin’'s Q of compani&be quality of technological innovation
was measured by a combination of forward citatiéasily size and the number of technical
fields related to patents. However, these findiags based on common methodology of

computing patents stocks and citations stocks wisiciot the case in the current paper.

Previous studies, centered mainly around on Amer&ced Japanese contexts, did not
lead to unanimous findings when measuring theiogldtetween financial performance and
different proxies of innovation. Jaffe (1986) foutltht R&D expenses have weak and
insignificant impact on financial performance whideonwyn (1999) proved that investing in
R&D activity is significantly valued by financial ankets. When looking at specificities of
European patents, Hall et al. (2007) found that R&penses are the most valuable measure
of technological innovation by financial marketsoré of the qualitative measures did
surpass the explanatory power of innovation’s inputhors speak about “horse race”
phenomenon between patents, citations and R&D wdmeldefinitely the “winner”.

Under the implicit hypothesis of market efficien¢yexpect that market-to-book ratio would
react positively to the various aspects of techgiokl innovation especially given the
characteristics of European patents, mentionediqusly. The constant character of R&D
expenses inside companies, unless a merger or s#auievent, can be a plausible
explanation to a potential significant impact omaficial performance. Seeing that | measure
market value of companies at the filing date, thedztive power of future citations and all
attributes acquired later can be weaker. The laigrectation is due to the necessity of
distinguishing the future value of patents sinae @pplication year which is quite related to

the degree of information asymmetry in the marlettvieen insiders and outsiders.

Hypothesis 2 Market-to-book ratio is particularly sensitive gualitative measures of
technological innovation such as patent scope,|yasize, the number of claims... Patents
attributes provide richer information about the remmic value of innovations. Their
complementarity with classic proxies allows betteeasurement of performance ratio to

innovation event.

Since most of attributes mirror the importance ditepts from a technological,

geographical and economic point of view, the impaicthese variables is expected to be



positive on the financial performance measured byket-to-book ratio. Detailed description

of qualitative measures is presented in the netisedevoted to variables description.

Several attributes rely on basic characteristicspatents mainly forward and backward
citations and technological classes. Some of qisl# measures are, consequently, correlated
because of their complementarity but not substiletas they inform about different aspects
of patents value. Qualitative indicators given by tatest OECD patents database, (July
2013), can be divided into two groups; the firdt gemeasures provide information about
each patent without comparing it to similar patefis example, forward citations within 5
years do inform partially about the importance afegmt A as a prior art but do not mirror
whether the number of citations received is endagépeak about real knowledge spillover.
The second one is a combination of three indicatanginality, generality and radicalness
and allows better comparison of the value of eaatlerg with its equivalents on the market.
Further explanations are given in the next sedqianiable definitions) about the construction
and the meaning of each indicator. Given the cotepigformation they provide and the
importance of establishing comparison between p&ten order to assess their economic
values, | expect that qualitative indicators havgoaitive and more significant effect on the
market-to-book ratio compared to simple measurel si8 simple citations or claims count.
Economic value of innovation becomes more preciderwit takes into account the

existence of similar knowledge assets.

Hypothesis 3: Technological innovation has stronger impact oraricial performance in
large European countries where R&D to GDP ratielatively considerable. The predictive
power of innovation is also stronger in industwath low innovative intensity as | suppose

that radical innovation stems mainly from such sexct

| expect that countries like France, Germany aidwhere technological intensity is quite
strong compared to smaller economies inside thegaan Union would value more the R&D
efforts inside companies. Financial markets areensansitive to such strategies because of
high competition and the importance of acquiringipetitive advantage thanks to innovation.
Besides, and seeing that the current researchmbddéscus on specific industry, it is expected
that in some sectors financial performance is nmiefated to innovation. Previous studies

have often focused on fields with high intensity te€hnological activities such as semi-
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conductors, biotechnology, software or pharmacaltisector... The use of patent
applications is more frequent and does not nedbgssairror the existence of radical
innovation. The reaction to such strategies iss tihess important because of the absence of
real competitive advantage or value creation behinel frequent patent applications.
Empirically speaking, it is expected that the impafdnnovation’s measures in these fields is
not considerably significant. On the contrary, sesivith less frequent patenting activity may
be at the root of innovation with higher economaue and consequently with strong and
significant impact on the financial performancecompanies. Control variables are used in

order to detect country effect, the size of comesuaind industry effect.
B- Variable definitions:

The assessment of the technological intensity endidms is one of the most
challenging issues discussed in the literaturenobvation and management. The classic
measure relies on the duality between input angutwif the innovative process, (Griliches
1986). Investing in Research and Development diets/is considered to be as the first step
necessary to the fulfillment of technological inatien, while the number of patent grants
could be more informative about the success, (ituré& of this strategy. Earlier literature
supposes that obtaining a legal protection to om&'sntion (or innovation) is a strong signal
about firms’ capability to transform the researdfore into a valuable output. Despite the
complementarily between the two variables, lookatghe number of patents obtained by
firms was proved to be a “noisy” proxy of technotay innovation. Since the beginning of
the 1990’s, patent applications have increased aliaatly in the United States Patent and
Trademark Office (USPTO); they rose from nearlyO80 applications in the mid-1980s to
120 000 applications in 1995, (Kortum and Lern&98). The deep changes in management
practices by enhancing the «applied activitiesnabvation», (Kortum and Lerner, 1998), and
probably the easing of patent application procedutbe US are at the root of this important
boost. However, the quantitative aspect was toddteament of patent quality, especially in
the USPTO, where only fewer patents have, hendgfbigh economic value. In this context,
previous papers showed that the distribution oémpatount is highly skewed, (Harhoff et al.
1999), corroborating the existence of heterogengitgblem in simple patent count, as a
measure of innovation. Settling for the number afepts obtained is quite silent about the

purpose of seeking a legal protection; is it togkdee exclusive right of use or just a strategic
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decision to counter competitors? What kind of iretcn does the patent protect; radical
incremental on® Does patent count display the innovative capaxitirms, especially that
some inventions do not meet the patentability doomk?

Despite the obvious biases created by the usetehpeount, these documents remain
one of the most powerful and concrete variables &blassess technological intensity inside
firms. Therefore, it is more interesting to figuoeit significant information from patents’
attributes and characteristics in order to defihe tconomic value of technological

innovation.

One of the novelties of this paper is to try toegev better measure to innovation in
European countries. Unlike most of the previousrditure in which researchers do focus on
the American context, | follow Hall and al. (200i)ethodology in exploring European
patents which are considerably different, with epd look at its various attributes. As yet,
the quality of patents has been assessed mainlyabmdst exclusively through forward
citations in literature, Hall and al. (2005). Irder to ameliorate the measure of patent quality,
| resort to a larger set of attributes, detailedhis section. With the use these qualitative
variables, | assume that the technological prodessot achieved by obtaining a legal

protection to one’s inventions but is extendechséx-post plausible valuations of patents.

The rich and informative content of patents docus@ould eliminate problems of

heterogeneity caused by simple patent count, treglynrevolve around:

- The rights conferred by the patents

- The geographical scope of patent protection

- The technological fields to which is related théepa
- The possible renewals of the patent rights

- The importance of the patent to other inventors

? Radical Innovation: occurs when the invention imsiderably different from existing ones. The
value of the innovation is high and allows a long competitive advantage.

Incremental Innovation: where added value is ngniicant, the invention is built around a
combination of existing knowledge.
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- Patent Quality Measures:

- Forward Citations

Like in the majority of scientific documents, amalnts have to mention previous
works that were useful to the fulfillment of thenvention, which is quite similar to the
«literature review» in scientific papers. The b$tprevious inventions constitutes the « prior
art» of a patent and is part of its specificatioihen a patent is cited, later, by other
inventors, it mirrors its technological and econonmportance. The more a patent receives
citations after its publication date, the moresitonsidered as relevant and contributes to the
knowledge spillover across firms but also withirctees, (Haffe and al.1993). Besides, the
gualitative information given by citations mitigatéhe heterogeneity problem caused by the

use of simple patent count, (Trajtenberg and @0).9

However, the use of cites as a quality indicatar European patents is obviously
different from the American context. Applicants baan exhaustiveness obligation in the
USPTO when writing the prior art; they have to nmmtall the previous documents
technically related to their work. Whikexaminersin the EPO, should seleohly the most
relevant patent and non-patent literature in the Search Regbarhoff and al. 2006).
«According to EPO philosophy a good search repmtains all relevant information within a
minimum number of citations», (Michel and Bette2§01). Though cites number could be
much higher in American patents, | suppose thatofean citations are better quality
indicator; a patent is cited only if it is partiadly relevant to other inventions. There is
obviously a tradeoff between exhaustive informatao better quality signal when selecting
data about American or European patents. Howeter,qualitative role of citations is in
support of the European documents where thereighemhbarriers to be cited. Besides, Hall
and al. (2005) highlight the role of examiners antrolling for citations and consider that
they are more objective than applicants, makingogean citation process more consistent
again.

OECD citation database (July 2013), is construotethe basis of EPO patents and take
into account:

- Patent Equivalents: documents protecting the sarention in other patent offices,

(Harhoff et al. 2003) resort to patent equivalemsorder to make comparable
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European and American citations; the lag in citetioumber is mitigated thanks to
the equivalents.

- Self-citations: when a company cites its previomsentions, it mirrors the
continuity in its innovation process and its capgbto create internal knowledge

spillover.

On the basis of the OECD patents database, | lbtikeacitations count within 5 years
after the publication date. Seeing that the majaoit firms can file more than one patent
during one year, | use the total number of citegiked for all the patents filed in yetarby
the same company. Let;§ be « the number of citations received by patemliegtion i
published in yeaPi within T years, Gy = XrtT ¥'Cj,i ; T< 5 years, where ¢is a dummy
variable that takes the value 1 if the patent ¢xit and 0 otherwise, (OECD, Citations
Database July 2013). Cites indicator given by tl&CO takes into account the self-citation,
i.e. all the citations made by a firm to its praxsgatents.

Co =Y Cay, is the total number of cites received by patemglied at yeat by the same
company.

- Backward Citations:

Also called prior art is the set of knowledge ohiah is based the invention. It
includes previous patents documents as well askiallls of scientific investigations
considered as non patent literature by examingppligants in the EPO should mention the
most relevant elements that were useful to thetoaeton of the invention; the list is then
checked by examiners who classify backward citatiancording to the degree of their
relevance. This attribute is fundamental in theessment of the economic value of patents.
Besides, it is the used in the construction of mooenplex qualitative indexes such as
radicalness, which measures the novelty of eachnithon protected by patent system. Prior
art is also a good proxy of the knowledge transietwween companies, or within the same
firm if it contains self-citations, but also crossctors. The relation between backward cites
and patent value is, thus, still fuzzy; some cosrstiat a wider transfer knowledge is behind
a higher quality of the invention, (Harhoff et &Q03), whereas (Lanjouw and Schankerman,
2001) prove that more backward citations mirrorittegemental nature of the invention. The
negative impact of prior art in the second casexglained by the importance of radical

innovation in the value creation inside companigg)en patents reflect the simple
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recombination of existing knowledge, it is suppoteat there is no significant value creation
by innovation. It is important to highlight one tife main differences between the current
study and the literature which is built accordimgthe American context. Divergences in
patenting procedure between the EPO and USPTO meawtbthe root of significant

contradictory results. The predominant characteretgvancy in EPO versus exhaustivity in

US can make backward citations positively relategatents value.

- Family Size:

In the European Patent Office (EPO), and accortbnthe Paris Convention for the
Protection of Industrial Propertyinventors have the right to file other applicatdn other
jurisdictions related to the same patent, durirggriext 12 months from the first application
date. The family size is, thus, presented by «nilm@ber of the patent offices in which an
invention has been protected@ECD Science, Technology and Industry Working Paper
2013. The attribute of family size shows the geograghiscope of inventions (or
innovations).

To be coherent with the previous literature (Haflebdfal.,2003), | suppose that companies are
more likely to pay higher fees to protect valuahigentions in more than one jurisdiction.
- Claims:

This variable enumerates the boundary of propegtyts in the patent, (Lanjouw and
Schankerman, 2002). All patents must contain atleae claim in which applicants have to
«define the matter for which protection is souglER0O, Article 84. A high claims number
implies higher fees to obtain a legal protectiddECD 2009) as the structure of patents is
defined through claims. The breadth of propertyhsgs significantly correlated to patents
market value, (Tong and Davidson), but also tor lktigations, (Lanjouw and Schankerman,
2001a).

> The convention was signed on 20 March 1883, insPariorder to guarantee to inventors the
right of application in the contracting states. rddr the provisions omational treatment, the
Convention provides that, as regards the proteafandustrial property, each Contracting State
must grant theame protection to nationals of other Contracting Stdtes it grants to its own
nationals. Nationals of non-Contracting States ase entitled to national treatment under the
Convention if they are domiciled or have a real aftective industrial or commercial
establishment in a Contracting StateWarld Intellectual Property Organization
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- Patent Scope:

They mirror the technological value of patents. Awention could have higher
economic value if it is related simultaneously teedse technological sectors. The usefulness
of an invention in more than one area is an indrcaf the sectorial interdependence and the
knowledge transfer across fields. In the OECD dadapresearchers follow Lerner (1994)
methodology in defining the scope index. They labkhe number of 4-Digit subclasses given

by the International Patent Classificafl@PC) of the invention.

Scope,= np; n € {IPC*..., IPG*, IPG*, IPG}; where IPG* # IPG* and i is the
number of distinct 4-Digit subclasses listed in plagent p, QECD Science, Technology
and Industry Working Paper2013)

-  Renewals:

«The OECD patent renewal indicator correspond$i¢osimple count of years during
which a granted patent has been kept alive, ieelatest year in which it has been renewed or
until it has lapsed or has been withdrawn. Yeaescaunted starting from the year in which a
patent has been applied. ®ECD Science, Technology and Industry Working Pa2€13).
(Pakes and Schankerman, 1984) put the emphasiseomle of renewals as determinant of
patent private value and prove that patent appcarake higher profits through optimizing
renewal decisions. Companies are ready to pay @rfees as long as patents have economic
and technological value in the market. The mostiafale patents would have higher number
of renewals and last longer despite the appearahcew inventions. Therefore, | expect
positive correlation between renewal attribute a@hd quality of patents, significantly
evaluated by financial markets.

- Radicalness Indexes:

One of the novelties of the OECD patents databsagbea construction of complex
indexes including one or more of the previous datlie measures of technological

innovation. Radicalness index is organized on tasisbof IPC technology classes that a

* The International Patent Classification (IPC), bishied by theStrasbourg Agreement 1971,
provides for a hierarchical system of language petelent symbols for the classification of patents
and utility models according to the different areiechnology to which they pertain.
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patent is related to through citations. The fingtition to the construction of such qualitative
measure follows Shane (2001) definitiorradicalness of a patent is measured as a time
invariant count of the number of IPC technologyssks in which the patents cited by the
given patent are, but in which the patent itselhas classified». The idea is to explore the
breadth of technological sectors covered by thertabut to which the patent itself does not
belong. Let us consider a patent A, radicalnessxnsl computed on the basis of its prior art,
precisely the technological classes of backwatioits.

cTj
np
backward citations to which patent A does not bglanis the total number of technology

Radicalness index (A) % ; IPCj # IPC(A), where CTj denotes the IPC classes of the

classes. The use of this indicator is meant taanithe radical nature of the invention
regarding its prior art from other classes, butsddisclose information about the novelty of
inventions among more recent patents belonginfpegcsame class. Higher radicalness score
also show the knowledge transfer across IPC claasésis expected to be positively

correlated with patents economic and technologiahle.

- Generality Index:

This indicator is calculated on the basis of fomvaitations and is used to assess the
range of later inventions that have benefitted fionThe wider the range of IPC classes
belonging to citing patents, the more importartheseconomic and technological value of the
patent. Citations used in all indexes are madelbehaEPO patents, the OECD allows for
better comparison with previous literature by imthg the equivalents and all categories of
citations made within 5 years. Let us consider @lfgpatent A and \Yare patents citing
A, where i=1,..., N (with N is the total number & forward citations).

Tij(n)
Ti(n)

Bij is the ratio defined as follovij=

« Ti(n) is the total number of IP@&digit classes ifYi
Tij(n) is the total number of of IP@digit classes in thgh IPC4 digit class iryi and

j=1... Mi is the cardinal of all IPC4-digit classesyin», (OECD Technology and Industry
working papers 2012/2013).
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Generality Index= 1{];‘-4:1(% N Bij)?

- Originality index:

The originality of patents is defined as the btkaaf technology classes on which
relies the invention, (Squicciarini and al., 2018)nce it is based on backward citations,
originality index mirrors the knowledge transfer@ss sectors. The technique of constructing
originality index is quite similar to generality dex; the main difference is the use of
respectively, backward and forward citations. Patddatabase, (July 2013), follows the

methodology first suggested by Trajtenberg et @87} and improved by Hall et al. (2001 b):
Originality Index =1 —Zzp spj ?

Where: “spj is the percentage of citations mad@dgnt p to patent class j out of the np IPC
4-digit (or 7- digit) patent codes contained in geents cited by patent p. Citation measures

are built on EPO patents and account for patentalpnts”, Squicciarini and al., (2013).

16



Patents Economic Value and the Various Attributesn Literature:

Patent Characteristic

Relationship with Patent Vale

Forward Citations

Positive relationship; the more a patent is cited,more
it is relevant technologically and economically a(Hoff
et al., 2003).

Backward Citations

Divergent findings:
- Positive relationship, (Harhoff et al., 2003)
- Negative relationship: large number

backward citations is a signal that the prote¢

invention is incremental and not radical, {
economic value of radical innovation is mc

important, (Lanjouw and Schankerman, 200

of
ed
he

re

—

Family Size

The family size has been proved to be valuableti{bfa
et al., 2003). The larger is the family size, theren
relevant the patent is. Applicants should protéaetirt

valuable inventions in larger geographical.

Claims

The higher the number of claims, the higher isvialeie

of patents, (Lanjouw and Schankerman, 2001).

Patent Scope

Positive Correlation, (Lerner 1994).

Renewals

Applicants renew the protection right to valuabédents.
This supposes that there is a positive relation
between economic value of patents and their rersg
(Pakes, 1986).

ship

val
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Il- Innovation’s Input and Output:

1- Research and Development Expenses:

| follow the classic reasoning by considering teehhological process and defining the
research and developmesexpensess the main proxy of its input. However, the laudk
available data about the R&D activity inside firmss behind the use of R&Btocksin
previous literature. The indicator is calculatedtiom basis of a declining balance formula and

the history of R&D data, supposing that:

- The R&D stockof the yeart; (KRDt) is decreasing annually according dp a
depreciation rate (generally fixed at 15% in ther&ture) such that:
KRDt = R&Dt + (1- ) KRDt-1
- R&D expensegrow constantly and annually at a fixed rgt€g is often fixed at 8%
in the literature), such akRDo = RDo/ (a +g); where Ry is the R&D expenses of

the first observation available in the data.

In order to avoid plausible biases generated bysigeof the depreciation and growth rates, |
settle for the real R&D expenses available in thatabase, i.e. the amounts of R&D
communicated by firms. The choice of the ratesugal (8% and 15%) could be subject to
some critics mainly because of heterogeneity betwkens (size, sector, competitive
position...). Besides, keeping the raw R&D expensiespite the lack of information for
several years, could reveal plausible strategigstets behind communicating, or not, the
R&D expenses. In European context, where thereoi®bligation to disclose information
about the R&D budget, abstention may be explaingdthbategic motives; firms are more
likely to disclose information only when their coatjors reveal identical information. | try
to detect the existence of strategic decisionsibpducing a dummy variable that takes one if

the information is available at year t, and zetweowise.
2- Patent Count:

In order to be able to use the multiple patentsbaties, | consider the patent count as
one of the main proxies of technological innovatinside firms. | expect that the «noisy»
character of this variable, noticed in previougrbture, would considerably be mitigated

thanks to the use of various quality indicators Hredexclusive resort to patents applied in the
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EPO. Unlike the USPTO where patent applicationsnaoee abundant, and where patenting
rules are relatively easier, companies have highancial and technical barriers to apply for
a European patent. The scope of legal protectiandsr through European patent (PCT), but
implies higher fees than ordinary patents, appiebbcal jurisdiction or in the USPTO. The

financial constraint is, thus, a considerable leamo firms and contributes to the improvement

of European patents quality compared to Americaunents.
- Dependent Variable :

According to the market value approach, financiatfgrmance is measured by the
ratio of market to book value; the next sessiorviges further details about this approach. It
is important to mention that in previous papers,ittain dependent variable used for the same
methodology was the Tobin’s Q. By definition, TokiQ ratio is the market value of a firm
divided by the replacement cost of its assets. Weweecent study has proved that Tobin’s Q
ratio is not a good measure for the financial penfince because of endogeneity issues,
(Dybvig and Warachka, 2010). Authors show that stweent decisions have an ambiguous
effect on the Tobin’s Q ratio, depending on thdesdecisions and cost discipline. They take
the example of underinvestment which would decrdbeefirm performance but increase
simultaneously the ratio of Tobin’s Q. Besides, dand Goyal, (2000) show that market to
book ratio is the most informative proxy of thenfis investment opportunity. Seeing the
importance of assessing financial performance msmethe market value approach, | keep

using the market to book ratio for its higher sfg@ince and its easier interpretation.
C- Estimating the Economic Value of Technological Inneation:

Assessing the economic value of innovation insided could be achieved through two
alternatives; using the Total Factor Productivil§P) formula, (Mansfield 1968), or looking
at the market value of firms as a set of tangillé atangible assets, (Griliches 1984). | rely

on the second methodology in this paper for sevegsons;

- Inputs to Factor productivity are restricted todaflL) and capital (K), according to
the general equation, taking Cobb-Douglas fo®=TFP x K* x L?, where S is the

matrix of innovation measures (mainly the flow o&R expenses and simple
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patents count) and and 3 the capital input share of contribution for K ahd
respectively.

- TFP valuation is constrained by the use of innavesi input (R&D) and output
(simple patent count), exclusively, regardless maq@ality indicators which are one

the main novelties in my research.

- The strong hypothesis of constant returns to ssmadecompetition in the markets for
inputs and outputs, (Hall et al. 2007), is inappiap seeing the significant
contribution of R&D expenses to the increase in ,T{&@dld 1977).

- The considerable lag between innovation input an@gu makes more difficult the
observation of its direct effect on TFP.

- The main goal of this study is to figure out thgortance of the innovative activity
inside firms as an informational signal in the fioel markets. However, TFP
methodology relies basically on accounting dataplento show the real assessment
of intangible assets by investors.

In this paper, | use the market value approachssess the economic value of
technological innovation. The methodology reliestba fundamental hypothesis of markets
efficiency and considers companies as «bundlessaéd assets, most importantly tangible
and knowledge assets. Under complementary hypstha&si«value-maximizing dynamic
program» and single returns to scale, this appradidws to express market value as a
multiple of book value, through market to book @atir Tobin’s Q indicator. However, the
main interest behind the use of this methodologioisneasure the «marginal value of an
additional dollar of investment in a giver typein¥estment», (Hall, 1999). It is, therefore,
possible to assess the increment in market valuenwivesting in R&D expenditures and
patents portfolios. One important question in mdelmarket value as function of the
various assets that a company comprises is whéibeee assets are additively separable or
shall take a multiplicative form. The first assumptimplies that the market value of firms
simply equals the sum of each asset’s value; ieradrms it is possible to valuate ceteris
paribus, each asset independently from other d¢aests. Given the interest in innovation
assets and according to the additive formula, tlaeket value (V) of companies can be

expressed as followiny/= q: (A+ a; K) (1), (Griliches, 1984), where;
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(A) presents the conventional assets

(K) the knowledge assets
g: presents the «current market valuation coefficadnthe firm's assets, reflecting

its differential risk and monopoly positioh%Griliches 1984).

a; is the marginal value of the ratio knowledge asse{physical assets. It measures
the investors’ expectations over the percentageintdngible assets on the

discounted future profits of the firm.

Knowledge assets were first measured by R&D andnpatstocks, (Griliches, 1984) and
amended, later, by introducing forward citationgjaalitative measure of inventions, (Hall et
al. 2005). To ease interpretations of the estimatesreduce the problems of highly skewed
distribution, especially relative to patents couniytroduce logarithm to the equation. The

final model is specified below:
LogVi= Log(q) + log(Ai + ax Kit) + Us; (ot=1)
LogVii= Log(q) + logA:; + log(1 +:_Z) + U

Log(:) = log(q) + log(L +5)+ uy

Knowledge capital was replaced by R&D stock, paseéotk and citations stock as follow:

Vit _ | R&D (it) | Patents (it)  citations (it)
Log(7;) = log(q) + log(1 +—7— R&D(it) = Patents (it)) Ut
In this paper, | try to give a more synthetic measto knowledge assets through patents
attributes; | suppose that technological processlisated thanks to the various operations to
which patents are subject after their publicatiatedcitations , renewals) and on the basis of
their main characteristics (claims, family size..K.is, thus, replaced by all measures

mentioned in the variables definition section.

> «qy = exp(mi+ dt + Uy), wheremi is the permanent firm effealf is the overall market effect time
t, and Uy is an individual annual disturbance or error tessumedo be distributed independently

across firms and time periods», (Griliches ,1984).
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Log () = log(q) + log(1+a:X;) + St Ut 2)
Where § is a set of controls, andi>comprises all the measures of Innovation. | us& OL

regressions in order to estimate the coefficiehte@non-linear model.

The additive functional form of companies’ marketue provides estimates of the marginal
shadow value of knowledge asset§ and assumes that these parameters are constass ac
firms. With the additive assumption of markets éqtium, i.e. q =1, (Connolly and al. 1986)

drew another derivative from equation (1). Theyvedd that the excess of market value with
regards to the book value can be function of kndgdeassets, according to the following

equation:
Vit(K)- Ait= K )

On the basis of the strong hypothesis of equilibritequation (3) show allows a direct
measurement of the marginal value of knowledgestment on the lag between market value
and book value. The simpler linear model asseskes cbntribution of technological
innovation to the incremental value on marketplacitis reference to their book values.

The second possible formulation of the market vadgebundle of various assets is the
multiplicative model, based on a Cobb-Douglas farall, 1999).

Vit (A, K) = g A @ K

Introducing algorithms and taking into account gt@nstant returns, the equation is the
following:

LogVii= Log(q) + logAit + oy (Iogf:—it) + U 4)

The main difference between the two approachesas the Cobb-Douglas form allows a
measurement of the elasticity of market value ratithe total knowledge assets. The estimate

a; precedes the ratio of intangible assets to comassats.
DATA:

The starting point in the setting up of my sampkswollecting data relative to patents and
their attributes. One of the particularities of study is my interest in the European patent

which is significantly different from its Americaequivalent. In parallel with USPTO
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database which is limited to American invention®(Es Worldwide Patent Statistical, also
called PATSTAT, gathers all data about patentsl fitethe European Patent Office, but also
in other jurisdictions. In order to make this datsé more accessible and provide qualitative
measures of patents, the OECD has developed aatieeidirectory that is updated regularly.

| use the latest version of OECD Patebttabase (July 2013), which assembles citations
database, HAN databdseREGPAT databade and as anovelty the Quality Indicators
database, July 2023 Quality indexes provided by OECD have the adwgatof « relying on

a set of homogenous information and being comparabloss countries and over time»,
(Dernis et al. 2013). | use patents identifiersnfber, application number ...) in order to

match different variables from different sub-datdms

The first selection criterion to circumscribe tla@ge database was the definition of
European countries where | would focus my researchnd the observation period which is
between 1990 and 2012; | use the country code tehpmapplicants, (companies) dilohg
year. The choice of application year is explained sy ptoximity to the innovation event,
while granting year will be measured through gtagtattribute. | started with a total number
of 20 countries which are very heterogeneous imr theonomic development degree, the
number of listed firms and their innovative intépsiselected countries contain Germany,
considered as one of the pioneers in R&D activigsswell as emerging European economies
like Estonia, Lithuania... Divergence between co@stialso regards accountancy rules given
that the pre-sample contains UK, a common-law agguanhd France, for example, where

regulation is under civil-law.

In a second step, | collect financial data of oldyed companies as | resort to the
market value approach in assessing the economue \altechnological innovation,. Data are
extracted from Datastream for the same period (12002) and belong to European financial

markets, Nyse Euronext as well as local markets tile London Stock exchange, Frankfurt

® HAN database provides a grouping of patent appii¢arames resulting from a cleaning and matching of
names.

7) Covers patent applications to the EPO (derivechfRATSTAT, April 2013) and PCT patents at
international phase (derived from the OECD patadlohse, including patents published up to May
2013)Though the development of HAN database by OECDderoto reduce punctuations
and abbreviations problems found in PATSTAT, aplts names still cannot be directly
associated to their equivalents in other databases.
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Stock exchange... Duplicates are eliminated and carmapaare ranked according to their

country of origin.

Thanks to Datastream country code, | define thetgwf listed companies according
to their head offices and not the market place mctv they are quoted; subsidiaries are
consolidated according to the ownership structuviatching the two databases was
particularly long given the absence of unique awthmon identifier of companies in
Datastream and Patstat. | rely consequently om#mes of firms to gather together both
types of data.

However, there is no standard format to write comgxs names, especially in the
patents database; there is more than one possayldonrefer to the same company. Another
important obstacle in collecting data is the natalaick in R&D information. Unlike the
United States, companies in Europe do not havellfigation to disclose information about
their R&D expenses. This characteristic properthe European context could enhance
companies to choose the right timing of making pubieir R&D expenses, according to
strategic goals and competition position in theketrl keep in the final sample companies
that have disclosed information about their R&D enxges for at least one year and have
applied for patents in the EPO for the same peflde number of firms has, thus, dropped
from 1323 to 599 units all belonging to 18 Europeaunntries, with a total number of 78384
patents. Companies should, obviously, hold inneeagictivities; invest in R&D and possess
patents portfolios. I, thus, eliminate firms beloggto financial industry, such as banks,
insurance...but keep a large range of sectors (plwauniaal, transports, media, software...).
Though the high variance in R&D intensity acros®sth fields, | aim at evaluating
technological innovation in its large aspect andhdbfocus on specific sector, like in most of
previous studies. Dealing with patents, semi-cotais¢ software, biotechnology and

pharmaceutical sectors are most explored in previterature.

Hall et al., (2007) were the first to be interestedanulti-sectoral study but ended up
with focalizing their empirical investigation onfseare field. The current research is based
on 15 sectors described in Table (1). With only64% share of R&D expenditures, the
technological industry is the most innovative ie #ample in terms of patenting with 35% of

the total patents applications in the EPO. «Teabgieb» industry brings together computer
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services, software, Internet.... the higher intensitypatenting compared to R&D activities
mirrors the nature of innovation inside this sectolarge capability of patenting despite a
lower level of R&D expenditures may indicate anr@mental innovation. Obtaining a legal
protection to one’s invention in technological ansacompulsory to commercialize an

economically valuable output.

The high intensity of these inventions makes kndgtespillover easier and contributes to
more incremental inventions rather than radical son8eeing its larger scope and
overrepresentation in the sample, Industrial Go@&dsServices including (aerospace,
transportation services, defense...) is the leadetosén R&D expenditures with 30.30%
from the total expenses. Innovation’s nature isartwgterogeneous in this area and could be
radical as well as incremental. Besides, Healtle ead chemicals are highly innovative and
have more balanced shares of patents number and B§i2nses, according to their
frequencies in the sample. The notable divergenitesechnological intensity, between

sectors highlight the importance of controlling fiedustries in empirical investigation.

Table (2) provides further details about differesnaeross countries in technological intensity;
Germany has the leader position in both R&D expenes (33.4%) and patents applications
in the EPO (25.75%) followed by France, Switzerlamdl Netherland. Other things being
equal, innovation’s productivity seems to be mdfieient in Finland where only 8% share of

the total R&D expenditures contributes to 17% sladréhe patent applications in European
jurisdiction. However, because of disproportion&Rdisclosure across firms and countries,
it is not evident to conclude about the efficierafyinnovation in one country compared to
another.

Graphl shows that the number of patents applicatiothe EPO has increased dramatically
in 2000 to reach the peak of roughly 8000 patentsypar. This is most probably explained
by the Internet bubble and the development of tee Nf information and communications in
the very beginning of the ZTentury. The slight decrease at the end of therebtion period
(by the year 2012) is due to the lack of data miggr latest application in European

jurisdictions.
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Summary Statistics:

Table (3) shows that on average, companies applg@opatents annually in the EPO, but
highlights, on the other hand, the large divergeimc@atents frequency; some companies
manage to file up to 1559 patents by year in th@jean jurisdiction. The distribution plot of
patents number, (figure2), supports this noticihgoiigh its remarkable asymmetry and
involves implicitly the hypotheses that fewer numbg patents has high economic value on
the market. Statistics about R&D expenditures Fawelarly high value of standard deviation
which indicates heterogeneity between industrieb sines; on average, firms spend around
345 million euros in R&D activities but could, acdmg to the two previously mentioned
criteria, devote 7,455 million euros to innovat®mput. Qualitative measures indicate that
forward citations to patents ratio is around 40fbaverage, but could reach the value of 8,
showing that some inventions are more importarthéoknowledge spillovers. According to
their importance and economic value, patents arewed from 5 to 7years. Patents attributes
are highly correlated when looking at their totalue per year inside a given company; it is
predictable that a company with higher applicationmber obtains higher forward citations
for their patents. Being a measure of knowledgkoseirs, total values of claims, scopes and
backward citations are highly correlated, thesesuess are calculated on the basis of both
prior art and technological industries. Howevenrelation between ratios of technological
innovation’s measures is considerably low. Thesiegare used in the regressions to avoid
autocorrelation problems but also to ease subsédo@pretations. Unexpectedly, R&D
expenditures to assets are negatively correlatecitébions to patents ratio; one possible
interpretation may rely on the hypotheses thatceddinnovation emanates mainly from

smaller firms where applications per year are fessguent.

RESULTS:

Tables (5) to (8) report results of different resgiens run on the basis of the non-linear
model, see equation (4). In order to make companeth literature possible, | start with the
most basic proxies of innovation, i.e. R&D expeudds and the simple patent count,
considered as its main output. Qualitative measaresthen, introduced gradually in order to
assess the economic value of patents and see \atirdbute is most valuable by financial
markets. Estimates are computed using OLS regressethod, | control for size through net

sales of companies and use a set of dummies tootdoit years and sectors. Tables display,
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as well, semi-elasticities of each estimate. Thglamation is that coefficients of non-linear
models do not measure the direct sensitivity ofkeiato-book ratio to innovation intensity
but still do inform about the significance of eagdriable. In order to assess the marginal
shadow value of each knowledge component, i.eficaefts ai, | use the “delta” method for
each observation and average them. Marginal shadbwes are computed according to the
following formula;

0Log(MtB) _ aj Xitj
oXitj 01+ Yak Xitj

Xi! is the proxy of technological innovation of whiitlis meant to compute its elasticity on
market-to-book ratio; ¥ are mainly ratios of R&D expenses , patents nunabe citations
to assets. In table (8),iXpresents, in addition, the regressor of the differparents’

attributes considered as qualitative measuresnoiviation, (scope, family size, claims...).
Xi{ are the rest of technological innovation’s measused in each regression.

a- Technological Innovation Measured by R&D Expendituand Patents Number:

Previous findings in literature are dch®n commonly used variables which are R&D
and patentstocks As explained in earlier sections, | do not camstthe two measures using
a given depreciation and growth rates, but keep data about R&D expenses and simple
patent count. The use of stocks variables reliesstoong hypotheses of fixing common
growth rate and depreciation level of knowledgestsssrrespective of intrinsic characteristics
within companies. The purpose, in this paper, iddi@ct a plausible reaction to an innovation
event, captured by patent applications, regardiésbe knowledge stock inside firms, from
year to year. Taking into account stock variablets the emphasis on the firm’s capability
and strategy of innovation; descriptive statissbew that R&D expenses as well as patent
count are almost constant inside the same firm aordss years. Looking at the trend of
innovation’s input and output in terms of stocksroms the nature of the strategy; whether it
is radical or incremental and dismisses the vafugaoh single invention protected by patent
grants. Large annual stocks of patents may be iegoldoy incremental approach rather than a
significant added value created by knowledge as3éis use of annual observations allows
better measurement of the innovation’s quality;eech patent obtained at a given year

corresponds a set of quality indicators, theséatis control for the typology of innovation.
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When, first, measuring innovation’s intensity thghuonly its input and output, R&D

expenditures have the higher and most significapiict on market-to-book.

Log(Market_to_Book) = log( + log(1+a1:R&D/Assets+ay Patents/Assets) +: %)

Log(Market_to_Book) = log@ + log(1+a;{R&D/Assets+ay: Patents/R&D) + & (i)

R& D productivity versus Patents by size:

In order to compare my findings with literatureyde two indicators of patents applications
inside firms; the productivity of R&D expenses;. imatents count to R&D expenditures and
patents to assets ratio, which is a normalizedcatdr to firms’ size. Correlation between
R&D to assets ratio and patents to assets is highérproves that larger companies invest
more on R&D activities and apply for higher numbgr patents, which highlights an
importantsize effectDespite a higher correlation level between patémtassets and R&D to
assets, variance inflation factors are quite lowhvei mean of 1.5. However, R&D to assets
ratio is not correlated with R&D productivity. Thiticing is on behalf of the hypothesis that
innovation is a strategic decision inside largenfiy the productivity of innovation is not
always higher in large companies. Table (5) shthwed R&D to assets ratio is always
significant and positively correlated with marketkdook ratio; according to semi-elasticities,
an additional increase in innovation’s input leads24% increase in market-to-book ratio
when output is measured only through patents to R&ti». The impact is alleviated when
innovation’s output is measured by patents countobgl assets, an increase in R&D ratio
leads to 15% increase in market-to-book ratio. €héedings are in compliance with
literature where authors speak about “horse ratehpmenon between R&D and patent
count, Trajtenberg (2006). On the other hand, pstare significantly evaluated by financial
markets only when they are normalized to the sfzompanies, R&D productivity does not
have a significant effect in the market-to-booka.aAn increment in patents applications in

the EPO, per assets increases firms’ performanceasty 2%.

At a first glance, the absence of significant effet R&D productivity on market-to-book
may be explained essentially by two factors. Th& fone argues in favor of the weakness of
patents as good proxy of innovation’s productivityarkets are aware that few number of

28



patents contain significant added value from arietdygical and economic point of view. The
second explanation could be that innovation’s petigity is evaluated once patents are
granted; markets may react to an innovation evénth@ grant date rather than in the

application year.

The importance of patents as indicator of innovaiigensity varies considerably between the
US and European countries. As explained in prevgagion, it is expected that obtaining a
legal protection in the EPO can generate more enanwalue because of higher barriers in
terms of cost. Hal et al.(2007) found that patdiiexl in the EPO are not valuated by

financial markets, unless they have US equivaléetsa parallel legal protection in the

USPTO. In this paper, | do not control for pateatharity but take into account the concept
of family size. Regardless authorities of appli@afi patents are significantly related to
market-to-book value when they are normalized bydgi size, but do not have economic

value when considered as innovation’s measureaafymtivity.

b- Forward Citations, a first Proxy of Innovation’s u@lity:

Log(Market_to_Book) = log@ + log(1+o1R&D/Assets+ay; Forward_CitationgAssets) + $
(iii)
Where Forward_Citatiopare respectively:

- Forward Citations received within 5 or 7 years

- Forward Citations received within 5 or 7 years aadsidered as highly relevant
The use of forward citations is based as well anpg annual count without computing
citations stocks (given a depreciation and grovetes). The strong inherent hypothesis of
market efficiency implies an immediate reactionrtoovation event; investors are supposed
to be able to distinguish patents with future heglttnomic value since the application date.
As explained in hypotheses section, it is expettiati patents with more forward citations are
those with higher economic value, though lookingtlication year as reference date is prior
to citations. Table (6) shows that the averageberrof citations received within 5 years for
all patents applied at year “t” has a positive ol significant effect on market-to-book ratio.
This result is also valid for citations receivedhin 7 years, even when forward citations are
considered as particularly relevant. However, whaoking at the cumulative number of
forward citations by total assets, the positive actpon market-to-book ratio becomes
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statistically significant, on the longer run (7 y®awhen prior art is considerably relevant .
Semi-elasticities show that an increase in the meet quality measure leads to a better
performance of companies by 1.3%. Different impaatstwo citations ratios (average
forward citations and total citations per assets)companies’ financial performance are
explained by the cumulative aspect of citationse Positive reaction to innovation occurs
when measuring the quality of each invention paryat the contrary of average forward
citations where all applications are gathered aodsiclered as having the same level of
economic value. Surprisingly, backward citations ldive most significant and important
predictive power on market-to-book ratio compaiegrior art; they contribute up to 3.14% it
unlike previous studies that put the emphasis @or @rt as quality indicator, | found that
knowledge transfer is more valued in the Europeamext thanks to the specificities of
establishing prior art in the EPO. The more a gatefiers to previous works inside the same
company via self-citations or outside the orgammathrough knowledge transfer channel,
the more the innovation has solid basis from aneldygical point of view. This is due
partially to the strong hypothesis of market effray; while forward citations require the
capability of predicting the economic value of pése prior art are per se common and
accessible information to investors. The use deddht measures of forward citations keeps
almost constant the impact of R&D expenses on ntdokbook ratio. The “horse-race”
phenomenon is conspicuous in tables (1) and (2)ctlwhionfirms the importance of
innovation's input compared to its output for tiveafcial performance of companies. The
absence of continuous information disclosure alR&D expenditures in European countries

contributes to its importance as informational algor investors.

c- Patents Attributes as Quality Proxy:

One of the novelties of this paper is to try toegexhaustive measure of patents quality which
is considered, according to the market value ambraes extension of knowledge assets.
However, the main empirical problem is the excesdginigh correlation between all ratios of
claims, cope family size... by total assets. Thel totanber of each measure by company and
per year is significantly correlated with other m@@s. This is quite expected since all
attributes are constructed on the basis of patem&hn characteristics i.e. technological

classes and citations. The more a company apigsatents the higher is the probability to
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get its stock of attributes larger (scope, claimd tamily size) as it has more chance to be

cited by other documents. Table (5) reports resiltegression (iv):

Log(Market_to_Book) = log + log(1+aiR&D/Assets+ oy Attribute/ Assets) + $
where Attributg) = {Claims, Scope, Family Size, Renewal}

The equation above does respect the rule that laumel assets might be presented by both
input and output. | kept R&D expenses to assetBamain input and dropped patent count in
order to avoid its noisy character in equationisltobvious that qualitative measures are
different from zero when companies apply for paefiguation (iv), aims, thus at assessing
the quality of R&D investment in each company. Kiexdlge assets are measured by the very
beginning of innovation’s efforts and their valueigicator which appear at the end of
innovation process. Likewise previous tables, R&peanditures to assets have strong and
significant effect on market-to-book ratio, its slaity remains as well constant as it
fluctuates between 14 and 15%. This noticing igawor of the “horse race” phenomenon
described in literature by Hall et al.(2007), wh&rancial performance is very sensitive to
the R&D measure; no patents attribute was provewte higher and more significant impact
on the market to book ratio in literature. Whenirigkquality measures separately, results
show that renewals have the most significant immgactdependent variable followed by
family size. In accordance with hypotheses, renepatdnts have higher and longer economic
value; companies are able to pay renewal fees twdnie particularly high in EPO compared
to USPTO), in order to protect the invention. Hagmize is the second attribute considered as
efficient quality measure of patents filed in tHe®, they have nearly the same semi-elasticity
on market-to-book ratio as renewals. Europeampatae more valued when applied in more
than one jurisdiction to obtain legal protection several European countries. Finally,
technological spread of patents has as well sigamtiimpact on market-to-book ratio through
scope attribute with smaller elasticity on finahgi@rformance. These findings prove the
importance of geographical and technological scopkegatents quality regardless the
technical content of patents since claims havetigesbut insignificant effect on financial

performance of companies.
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d- Generality, Originality and Radicalness indexes:

Log (Market_to_Book) = logi + log(1+ a1:R&D/Assets+ayPatents/AssetasQuality

Index(j) ) + S, (v), Where quality Index (j) is radicalness, amgity or generality

variable.
Because of high correlation between the three atdis; generality, originality and
radicalness, | use the same equation of markeeadproach and try to assess separately the
effect of each indicator on the market-to-bookaalihe information given by each indicator
is different from the two others and allows maialycomparison of the patent’'s value with
other documents belonging to the same technologgsclThe three indicators allow,
consequently, easier interpretation and positioningatents values on the market. It is more
relevant to take a benchmark when assessing the vl knowledge assets; receiving, for
example, high number of citations remains relatime not precise information as investors

are not aware of the characteristics of other coaipa patents.

Table (6) reports results of estimation describeldWw; R&D expenses to assets remain very
significant and positively related to market-to-kaatio with constant semi-elasticity; from
13% to 15%, regarding previous tables. Only radiess and originality indexes do have
significant and positive impact on firms’ financi@rformance. Though the week coefficients
of both variables, semi-elasticities are provete¢oconsiderably high (3.15% for radicalness
and 2.3% for originality). These results mirror theportance of patents prior art and
knowledge transfer phenomenon; when legal proteaifannovations is based on variety of
prior art that belong to different technology ckssthe quality of the invention becomes
higher and significantly valued through financiaankets. Besides, patents quality is highly
related to its originality which confirms the impamce of the technological breadth on which
patents are based. The absence of a significagdtedf generality index on market-to-book
ratio argues in favor of previous results aboutvard citations received within 5 years as
generality index is computed on the basis of foda@tations within 5years. The predictive
power of patents to assets is almost constant valdeimg quality indexes as innovation’s

measures; the semi-elasticity remains considetaly and varies around 2.7%.
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Dealing with Endogeneity:

As it was shown in this paper and in accordancé \ieérature, patents have been
criticized for their “noisy” aspect and their laok qualitative information, hence the use of
various attributes as main measures of knowledget®saccording to market value approach.
Unfortunately, the richness of information given \mrious attributes cannot be empirically
used in a unique regression because of high ctoelalhe repetitive use of each qualitative
proxy in separate regressions may be at the rooteaisSurement error. As it was supposed at
the beginning of the paper, market value shallecéfthe sum of different kinds of assets
inside the firm; one of the main novelties of thagper is to consider patents characteristics
(citations, claims...) as main constituents of knalgke assets. Dropping panoply of patents
attributes because of correlation is, thus, comttaxy to the additive principle of market
value approach and may be seen as a shortcomitigeirmeasurement of technological
innovation. In order to avoid endogeneity problemd @heck the robustness of the previous
results, 1 make use of instrumental variables. daponse to the stem of literature that
criticizes the use of patents as one of the maoxigs of technological innovation, |
instrument patents count to total assets for #t@mmon noisy aspect. As it was explained in
previous sections, looking exclusively at the singutput of technological innovation
process was proved to cause serious heterogereityems; it does not take into account
various aspects of innovation (mainly the degreerployees’ qualifications, some of the
relevant innovations that were not disclosed plplity patenting and particularly in the
European context, undisclosed R&D expenses from tgegear...), it does not inform about
the economic value of the knowledge assets (wlsiche role of patents attributes) and do not
provide sufficient information about the natureiohovation; whether it is incremental or
radical. Henceforth, endogeneity stems from twon@hannels, measurement error when
defining patents as reliable proxy and omitted alddgs when not taking into account the
mentioned variables of skills and undisclosed imi@tion. It is, thus, compulsory to find the
good instrument correlated with patent count buheut a direct impact on market to book

ratio.
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Relevancy and Excludability of Instrumental Variables:

The choice of instrumental variables stems from ¢haracteristics of patents which
are not correlated with market-to-book ratio. Asvas shown in previous regressions, the
number of claims per total assets does not havgn#isant impact on market-to-book ratio,
according to the non-linear shape of market-to-b@uakessed to patents attributes. Besides,
table of correlations highlights the strong linkween total patents to assets and claims ratio
argues in favor its use as good instrument, (90%ooklation).

The absence of direct relation between the exténpatents protection and financial
performance of companies may be explained by tttenteal characteristic of claims. Unlike
other attributes, claims do not rely on citatiomdexhnical/geographic scopes but define the
validity of a given patent. The information mirrdrby this attribute is, thus more interesting
for applicants themselves, but does not help ilvesdssess precisely the economic value of
inventions. The number of claims may be conside®dpurely technical” characteristic of
patents compared to common attributes such as fdraitations or technological classes.
Rule 43 of European Patent Convention states fhia¢ ‘claims shall define the matter for
which protection is sought in terms of thechnical featuresf the invention”, European
Patent Office Website. The information provided @gims is, thus, more relevant for
examiners to grant the patentability character neemtions, but does not afford direct
valuation instrument for investors. The ex antarabter of claims may be at the root of its
insignificance as good determinant of patents esonoalue. Unlike forward citations which
occur after the grant lag, claims are defined stheeapplication date. While citations testify
the importance of inventions in the market by othpplicants, claims cannot foresee its
economic value despite of large boundaries of ptiate.

The aim behind using instrumental variables teamig to give a robust aspect to previous
results that may be subject to some critiques Isscaf plausible measurement error or
omitted variables that cannot be measured direictlyempirical work. When defining
innovation, in general, and its technological agp@cparticular, it is obvious that it could be
defined through a wide variety of variables; somk tbem can be unobservable.
Technological intensity inside companies can bessed through the degree of skills of its
workers, the secrecy of some important inventioapt knside the firm in order to avoid

litigation problems or that social returns on R&i¥éstment exceed private one.
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- The initial model used in previous regressionsésfollowing:

Vit R&D (it) , Patents (it))

Log() =log(a) +log(1 +— 12—+ —r ) + U

- By choosing claims to assets ratio as instrumepatents to assets ratio, | suppose
that:

. lai it . P ts(it) Clai it
Covariance :;Z:gt)) , Up) = 0 and Covariancé 22t Llaims(y

‘ASsets(it) ’ Assets(it)

) #0

- First stage regression equation:

Patents(it) _ Claims(it)
Assets(it) 1 Assets(it) it

- Second stage regression equation :

Log(Z—Z) = log(q) + log(1 +R&j(it)+ Patents (9 17y + y, where?225 W 1y s taken from the

it R&D(it) R&D(it)

first stage regression.

It is important to mention that the use of markaiiue approach is a strong argument against
the large hypothesis of the existence of measuresreor; when constructing the “hedonic
price” model i.e. market value approach, knowledgsets are defined through innovation’s
input and output. However, instrumental variablas still eliminate or alleviate endogeneity
issues caused by high correlation and omitted bkasa

Appendix A illustrates econometric details of usicigims to assets ratio as instrumental
variable of patents ratios (patents to total asmedspatents to R&D expenses). In a first stage,
| verify the validity of claims as good instrumehtough a set of econometric tests, mainly
over-identification and endogeneity. Hansen Jdpgroves the absence of over-identification
while Cragg-Donald Wald F statistic confirms th#ims are strong inctrument for both
patents to assets and patents to R&D expenditiresults of 2SLS regressions are not
relevant in the assessment of the impact of innonat measures on financial performance as
they do not respect the non-linear relation impdsgdarket value approach. However, they
do allow for preliminary tests of instrument vatidi

Table (10) consolidates previous results foundabiet (5); patents to assets ratio does have a
positive and significant impact on market-to-bookile innovation’s productivity measured
by patents to R&D does not mirror the economic @altiinnovation inside companies for the
same reasons explained previously; average patem&D do not mirror the value of each
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single invention. Despite of its lower impact onrk&t-to-book ratio (2.518 instead of 2.601
in model (1) and 2.842 instead of 3.151 in modg), (Rfind that R&D expenses are still
considered as the most powerful innovation’s measupredicting the financial performance
of companies.

Robustness check through the use of instrumentahbtas confirms hypothesis number one
where | have expected that patents filed in the BROless noisy and more significant than
American patents. It is important to remember timathis paper, innovation’s output is
measured directly by its simple count, unlike poegi studies where knowledge stocks are
computed. Even after controlling for endogeneitynme patent count is considered as
reliable proxy of technological innovation in Eueyghis is due to more “rigorous” policies
of patenting in the EPO (citations procedure vai@onventions such as PCT...), higher

barriers to apply for legal protection and the lesort to European jurisdiction.

CONCLUSION AND DISCUSSION:

One of the important novelties of the paper is tise of a rich range of patents
attributes as quality measures for technologicabwuation. In addition to forward citations,
family size and technological field used in the grapf Torrisi and al. (2007), | collect data
about claims, patent scope, backward citationstlaree quality indexes provided by the latest
database of OECD, (July, 2013). Unlike all previaisdies, | do not use patents stocks
constructed in literature on the basis of depramaand growth rates because of the absence
of persuasive argument in their favor. | think thia¢ mentioned rates vary considerably
across companies because of their different sizdsrdarinsic characteristics, especially their
intensity of innovation. | resort, consequentlhystmple annual patent count and find different
results compared to literature when measuring itig@act of innovation’s productivity and
forward citations on market-to-book ratio. Whileepious findings highlight the importance
of patents stocks to R&D expenses as good proxyradvation, | prove that simple count
ratio to R&D expenditures is not valuated by ineest However, total patent count per total
assets does have positive and significant impadinamcial performance. Different findings
on the basis of different ratios highlight the cuative character of knowledge assets inside
companies. It is more interesting for investorsdasider the value of total assets rather than

average the productivity of R&D efforts. This mag the result of R&D disclosure policy in
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Europe; the absence of regular information abouDR&penses makes investors reluctant to
use it as the basis of good indicators. When lapkihthe average number of patents and
average attributes by patent count, it is hard istiryuish the value of each invention;
measures, in this case, mirror the shape of inimvatvalue per year by patent but omit its
cumulative aspect. One of the possible improvemierits control for patents equivalents, i.e.
when applicants resort simultaneously to the EP@ d8PTO. The economic value of
patents could be more important when knowing tlwemhmanies pay higher fees for larger
protection scope and are able to respect diffepatgnting procedures in both jurisdictions.
The control test for equivalents has been mentionédhll et al.’s papers (2007); they found
that only patents “taken out in both offices” dovéaa positive and significant impact on
market-to-book ratio.

In accordance with literature, | find that markere particularly sensitive to R&D
disclosure; none of the innovation’s measures cefead the predictive power of R&D
expenses on market-to-book ratio. The strong efieatnovation’s input is explained by the
strategic aspect of announcing one’s R&D budgetcollotancy policies in European
countries do not make disclosure compulsory whiakeninvestors sensitive to unexpected
announcements.

Besides, | found that only forward citations on tlbag run (7 years) which are
considered as particularly relevant, by examindgodhave a positive and significant impact on
performance ratio. The later result arguments uorfaof the specificity of innovation as a
long run investment and approves implicitly the dtyyesis of market efficiency on the long
term. Unlike previous literature that put the engpbaon forward citations, | prove that
backward citations are considered as strong qtigétaneasure of innovation, which mirrors
the importance of knowledge transfer in Europewbeh companies and across sectors. The
selective prior art in the EPO of most relevantemivons contributes to its consistency as
reliable proxy for investors. Finally, when resogito comparative quality indexes, I find that
originality and radicalness are more related tempist quality; it is more relevant for investors
to have benchmarks when assessing the value of l&dger assets. These findings are in
accordance with the importance of knowledge trandieth of indexes rely on backward
citations and the breadth of technology classes.

The use of patents as measurement of innovatiobdes criticized in literature for its

noisy aspect and the lack of qualitative inform@atidn order to mitigate endogeneity
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problems caused by omitted variables and plausitdasurement error, | used claims to
assets ratio as instrumental variable of patenssets because of its noisy aspect. Findings
consolidate initial results of market value regi@ss which highlight the cumulative aspect
of innovation. The constraint of high correlatioatlween quality measures has inhibited the
study of possible reaction between these terms. ridimess of information given by all
attributes may, thus be gathered in unique indarkl to common factor technique, Lanjouw
and Schankerman (1999).
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Table 1- Distribution of Patents Applications in the EPO and R&D expenditures by
industry

R&D expenditures Patent Aplications in the EPO

Industry Cum. Amount Share  Number Share
Freq. Percent
Food and Beverage 87 2.20 2.20 652334 0,09% 153 0%0,2
Health Care 742 18.73  20.92| 132026832 19,10B417 17,57%
Petrolium and Gas | 131 3.31 2423 10075075 1,46% 630 |0,82%
Technology 441 11.13  35.36| 101192920 14.64%570 34,79%
ngrrt‘;"b"es 302 762  42.98 | 143401376 20,7568 8.86%
Industrial Goods &) 495 2771 7070 | 209352576 302097762 23,26%
Services
Media 33 0.83 7153 | 25953 0,00% 56 0,07%
Personal & 58 651  78.04 | 2887097  0.42% 1151 1,51%
Household Goods
Construction 300 7.57 85.61 | 9255092  1,34% 1350 %,77
Commodities 102 2.57 88.19 | 1615486  0,23% 337 0,44%
Telecommunicationss2 1.56 89.75 4380786 0,63% 1342 1,76%
Retails 7 0.18 89.93 | 3850 0,00% 10 0,01%
Chemicals 331 8.35 98.28 | 67403056 9.75% 6498 8,51%
Services alKss 1.64 99.92 | 8902903  1,29% 317 0,42%
collectivites
Travel and Leisure | 3 0.08 100.00 O 0,00 4 0,01%
Total 3,962 100.00 691176236 100% 76365 100%
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Table 2- Distribution of Patents Applications in the EPO and R&D expenditures cross

country

R&D expenditures Egtgnt Aplications in the
Country Amount Share Number Share
Code Freq. Percent
FR 796 20.09 147750016 21,3766% 14005 18,341%
NO 246 6.21 2569581 0,3718% 4494 5,885%
NL 341 8.61 104560864  15,1280% 7143 9,354%
LU 18 0.45 863604 0,1249% 130 0,170%
CH 225 5.68 84452048 12,2186% 9356 12,252%
DE 917 23.14 230805632  33,3932%| 19667 25,756%
ES 67 1.69 505491 0,0731% 185 0,242%
GB 145 3.66 1138667 0,1647% 560 0,733%
BE 85 2.15 9329249 1,3498% 680 0,891%
IE 31 0.78 1623006 0,2348% 113 0,148%
Fl 210 5.30 54835560 7,9337% 12926 16,928%
DK 258 6.51 6265716 0,9065% 2624 3,436%
IT 452 11.41 45208388 6,5408% 3615 4,734%
PL 34 0.86 71333 0,0103% 115 0,151%
AT 79 1.99 432216 0,0625% 424 0,555%
SI 15 0.38 481303 0,0696% 82 0,107%
AN 32 0.81 280746 0,0406% 221 0,289%
Ccz 6 0.15 1774 0,0003% 20 0,026%
Total 3,962 100.00 691175194 100% 76360 100%
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Table 3 - Descriptive Statistics of Technologicahinovation’s Measures in millions of

Euros

---------------------------- Quantiles  --------ememm oo
Variable N Mean S.D. Min .25 Mdn .75 Max
R&D Expenditues 2003 345.07 855.92 0.01 12.86 38.30 209.01 7455.00
Total Assets 3011 8302.95 21772.95 0.07 155.80 7810. 4400.67 262215
Net Sales 3956 4650.30 12996.75 0.00 0.17 286.032318.64 160331
Total Patents(it) 3957 19.30 79.29 1.00 1.00 3.00 .009 1559.00
Patents/R&D 2003 0.86 7.22 0.00 0.05 0.15 0.47 7285.
Patents/Assets 3011 0.07 0.62 0.00 0.00 0.01 300 2941
> bwd_cits(it) 3957 84.82 327.16 0.00 6.00 14.00 @5.0 5851.00
>fwd_cits5_xy 3957 4.44 24.02 0.00 0.00 0.00 2.00 4.0
> fwd_cits5(it) 3957 7.93 41.45 0.00 0.00 0.00 4.00 262.00
> claims(it) 3957 286.49 1476.88 0.00 15.00 41.00 A6 38076.00
Y renewal(it) 3957 99.87 409.21 0.00 5.00 16.00 48.00 8705.00
> familysize(it) 3957 126.67 587.62 1.00 7.00 18.00 8.0B 11760.00
Attribute(j)(it)/Total
Patents(it)
Patent Scope 3957 1.85 0.94 0.00 1.00 1.67 2.03 0 9.0
Family Size 3957 6.45 4.18 1.00 3.75 5.48 8.00 ®2.5
fwd5_xy 3957 0.23 0.49 0.00 0.00 0.00 0.28 11.00
fwd7 3957 0.54 1.00 0.00 0.00 0.04 0.78 14.00
fwd7_xy 3957 0.26 0.53 0.00 0.00 0.00 0.33 6.00
claims 3957 13.95 8.05 0.00 9.00 12.38 17.00 101.00
bwd_cit 3957 4.68 2.50 0.00 3.25 4.25 5.58 43.67
renewal 3957 5.75 4.46 0.00 2.13 5.00 8.50 20.00

44



Table 4 — Matrix of Correlations

R&D/Assets PatR&D ~unSS | og(NetSales) BWI-CIUAsset ClE)Asset CIEXY)/Asset C(7Asset CHOWP cizjpat Ci(7v)iAssets  Cit(5XY/Assets)

R&D/Assets 1.0000

Pat/R&D 00081  1.0000

Pat/Assets 0.8150 0.0579  1.0000

Log(NetSales) ~ -0.3363  -0.0832  -0.3021 1.0000
Bwd_Cit/Assets  0.7924 0.0446 09737  -0.2533 1.0000

Cit(5)/Assets  0.0906 0.0792 03131  -0.1991 0.2118  .000D
Cit(5XY)/Assets  0.0902 0.0627  0.2651  -0.1870 0.1655  0.8964 1.0000

Cit(7)/Assets  0.0840 0.0818 03122  -0.1950 02123  .99@ 0.8629 1.0000

Cit(5)/Pat 00358 00003 -0.0142 0.0239 -0.0166 0.2085 0.1674 0.2044  1.0000

Cit7/Pat 00401  -0.0017 -0.0193 0.0279 10.0204 0.1727 0.1389 01810  0.9412  1.0000

Cit(7Y)/Assets  0.0864 0.0653  0.2662  -0.1862 0.1667 0.9061 0.9949 0.8817 01716 0.1459  1.0000
Cit(5XY/Assets) ~ -0.0269  0.0057  -0.0064 0.0070 10.0105 0.1828 0.1931 01802 07225 07711 .1920 1.0000
Cit(7XY)Pat  -0.0308  0.0046  -0.0083 0.0196 -0.0128 0.1987 0.2038 02003 07871 0.8383 .2126 0.8837
Originality 00015  -0.0033 -0.003L 0.0119 -0.0025 0.0080 10.0015 0.0092  0.0094 0.0138 -0.0021 0.0040
Generality 0.0011  -0.0031 -0.0039 -0.0099 -0.0033 0.0006 -0.0002 0.0002 00723 @052 -0.0003 0.0514
Radicalness ~ -0.0058  0.0668  -0.0167 -0.0143 10.0108 0.0125 10.0083 00116 -0.01810267  -0.0082 10.0229
ScopelAssets  0.7125 0.0633 09625  -0.2960 0.9154  3500. 0.2832 0.3439  -0.0162 -0.0212  0.2803 10.0079
Bwd_Cit/Assets  0.7924 0.0446 09737  -0.2533 1.0000 02118 0.1655 02123  -0.0166 -0.0204  0.1667 10.0105
Renewal/Assets  0.5265 0.0780 07966  -0.3565 0.7200 0.5707 0.4470 05835 00123 00071  0.4573 0.0155
Size/Assets 0.7609 0.0460 09632  -0.2379 0.9708 6181  0.1169 01599  -0.0209 -0.0235  0.1167 10.0156
Claims/Assets ~ 0.7359 0.0595 09586  -0.3119 09170  .3568 0.3005 0.3477  -0.0173 -0.0237  0.2974 -0.0070
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Table 5- Market to Book regression with Simple Patet Count Ratios

2506 observations for the period 1990-2012
Dependent Variable = log Market to Book

Model(1) Model(2)
Model(1) Model(2)
R&D/Assets 2.601*** 3.151%**
(4.58) (5.01)
Pat/Assets 0.616*
(2.18)
Pat/R&D 0.00116
(0.44)
Log(Net Sales) 0.00433 0.00792
(0.54) (0.91)
Dummy R&D=0 0.0334 0
(0.81) ()

t statistics in parentheses * p<0.05, ** p<0.01* p<0.001

Semi-Elasticities, Delta-method

Elasticity  Std. Err. z P>z [95%Conf. Interval]
R&D/Assets .1562242  .0302441 5.17 0.000 0969468 155Q16
Pat/Assets 0276556  .0124897 221  0.027 0031762 5213%
R&D/Assets .2429929  .039525 6.15 0.000 655P52 .3204605

pat_rd_mill .0012358 .0028004 0.44 0.659-.0042528 .0067244




Table 6- Market to Book regression with Citations 6 Patents

2506 observations for the period 1990-2012
Dependent Variable = log Market to Book

Model(1) Model(2) Model(3) Model(4) Model(5) Modsé)(
Const -0.289 0.0417 0.0407 0.0416 0.0409 0.0410

(-0.42) (0.06) (0.06) (0.06) (0.06) (0.06)
R&D/ Assets 2.925%** 3.151*%**  3.183*** 3.152%%* 3. U4** 3 147rr*

(4.77) (5.01) (5.01) (5.00) (5.01) (5.01)
Pat/R&D 0.669 1.161 1.148 1.160 1.183 1171

(0.27) (0.44) (0.44) (0.44) (0.45) (0.44)
Log(Net Sales) 0.0104 0.00792 0.00809 0.00793 @®07 0.00789

(1.17) (0.91) (0.93) (0.91) (0.90) (0.90)
Cit(5)/Patents 0.0210

(0.66)
Cit(7)/Patents 0.000879
(0.04)
Cit(5xy)/Patents -0.0160
(-0.33)
(Cit7xy)/Patents -0.0103
(-0.25)
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Table 7- Market to Book regression with Citations 6 Assets

2506 observations for the period 1990-2012
Dependent Variable = log Market to Book

Model(1) Model(2) Model(3) Model(4) Model(5)
R&D/Assets  2.718%** 2.730%+* 2 72@** 2 727 2.603***
(4.87)  (4.89) (4.88) (4.88) (4.60)
Cit(5)/Assets  0.642
(1.55)
Cit(7xy)/Assets 1.231*
(2.09)
Cit(7)/Assets 0.575
(1.78)
Cit(5xy) 1.227
(1.84)
Bwd/Assets 0.153*
(2.49)
Log(NetSales) 0.00101 -0.0000597 -0.00059C -0.000578 0.00584
(-0.13)  (-0.01) (-0.08)  (-0.08) (0.73)
Dummy R&D 0.0379  0.0390 0.0386  0.0382 0.0339
(0.92)  (0.95) (0.94) (0.93) (0.82)

t statistics in parentheses * p<0.05, ** p<0.01* px0.001

Semi-Elasticities, Delta-method

Elasticity  Std. Err. z P>z [95%Conf. Interval]
R&D/Assets 1645511 .0729667 2.26 0.024 021539 75883
Cit(5)/Assets  .0097776 .0074479 1.31 0.189 -.00482M0243752
Cit(5xy) .0111969 .0060446 1.85 0.064 -.0006503 30822
R&D/Assets 1648137 .0296753 5.55 0.000 1066512229263
Cit(7xy)/Assets .0130388 .0061608 2.12 0.034 0009639  .0251137
R&D/Assets 1651876  .0296298 5.58 0.000 .1071143232@1
Cit(7)/Assets  .0116827 .0087903 1.33 0.184 -.0089545289114
R&D/Assets 1647349 .0868236 1.90 0.058 -.0054362349061
Bwd_assets .0314259  .0123312 2.55 0.011 .0072572555926
R&D_assets.1558824  .0300416  5.19 0.000 .097002 2147628
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Table 8- Market to Book regression with Patents’ Atributes

2506 observations for the period 1990-2012
Dependent Variable = log Market to Book

Model(1) Model(2) Model(3) Model(4)
R&D/Assets 2.624*** 2.636*** 2.569*** 2.430%**

(4.62) (4.63) (4.56) (4.30)
Claims/Assets

32.08

(1.94)
Scope/Assets 341.8*

(2.17)
Renewal/Assets 205.6***
(3.60)
Size/Assets 158.7**
(3.24)

Log(Net Sales) 0.00303 0.00370 0.00708 0gB6

(0.39) (0.47) (0.91) (1.05)
Dummy R&D=0 0.0341 0.0362 0.0326 0.0311

(0.83) (0.88) (0.80) (0.76)

t statistics in parentheses * p<0.05, ** p<0.01* px0.001

Semi-Elasticities, Delta-method

Elasticity Std. Err. z P>z [95% Coniinterval]
Claims/Assets.0223596 .015151 1.48 0.140 -.0073359 .052055
R&D/Assets .1580143 0722933 2.19 0.029 0163221 997Q65
Scope_Assets0263923 .0119714  2.20 0.027 0029287  .0498558
R&D_Assets .1581484 .0302568 5.23 0.000 .0988462 174205
Renewal/Assets.0453176  .0121283 3.74 0.000 .0215466  .0690885
R&D/Assets 1521521  .0295918 5.14 0.000 0941532101209
Sizee/Assets .0450444  .0275421 1.64 0.102 -.00893.0B90259
R&D/Assets .1446927  .080155 1.81 0.071 -.0124082017936
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Table 9- Market to Book regression with Quality Indexes

2506 observations for the period 1990-2012
Dependent Variable = log Market to Book

Model(1) Model(2) Model(3)
R&D_Assets 2.292%** 2.365*** 2.54 3%

(4.23) (4.32) (4.52)
Pat/Assets 0.459 0.487 0.584*

(1.67) (1.78) (2.08)
Radicalnes 0.0000181**

(3.21)
Originality 0.000667**

(2.91)
Generality 0.000182
(1.25)

log(Net Sales) -0.00665 -0.00318 0.00275

(-0.79) (-0.39) (0.34)
Dummy R&D=0 0.0166 0.0248 0.0307

(0.40) (0.60) (0.75)
t statistics in parentheses * p<0.05, ** p<0.01* px0.001

Semi-Elasticities, Delta-method
ey/ex Std. Err. z P>z [95% Conf. Interval]

Radicalnes .0314758  .0150278 2.09 0.036 .00202196092D7
R&D/Assets .1368196  .0648357 2.11 0.035 0097439  .2638954
Pat/Assets .0204774  .0155606 1.32 0.188 -.010020¥% 09756
Generality .0040229  .0032268 1.25 0.213 -.0023016103474
R&D/Assets .1528715  .0300941 5.08 0.000 0938882  .2118548
Pat/Assets .0262373  .0124141 2.11 0.035 001906 05685
Originality .0230385  .0115901  1.99 0.047 .00032220457547
R&D/Assets .1416251  .0661659 2.14 0.032 0119424  .2713079
Pat/Assets .0217754  .0157666  1.38 0.167 -.009126826773
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Table 10- Market-to-Book regression with Innovatioris Input and Output
Patents Ratios are instrumented by Total Claims té\ssets Ratio

Model(1) Model(2)
R&D/Assets 2.518*** 2.824%**
(11.76) (13.63)
Patents/Assets 0.489*
(2.51)
const 0.484*** 0.462***
(29.26) (3.57)
Pat/R&D 18.76
(0.12)
Patents/Assets Pat/R&D
Claims/Assets 47.03*** Claims/Assets 0.0219*
(260.56) (2.06)
_cons 0.00845*** _cons 0.000836***
(3.62) (5.16)
N 3011 2000

t statistics in parentheses

* p<0.05, ** p<0.01, *** p<0.001
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Graph1l- Patent Applications in the EPO, (1990-2000)

Patent Applications in the European Patent Office (1990 2012)
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