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Abstract

There is a growing literature that aims at assgstie private value of knowledge
assets and patents. It has been shown that patadtsheir quality measured by
citations they receive by future patents (forwaitdtions) contribute significantly to
the market value of firms beyond their knowledgecks. This paper goes one step
further and distinguishes between different typédooward citations patents can
receive at the European Patent Office. While anjaten be cited as state of the art, it
can also be cited because it threatens the nowéliyew patent applications. Those
patents have the power to block other patent agipdics from being granted.
Empirical results from a market value equation 161 large R&D spending U.S.,
European and Japanese firms show that patents Maitking power are more
valuable than other patents. This finding add$iéogatent value literature by showing
that there is heterogeneity regarding the inforomati value of patent citations and
that mainly blocking patent citations are good preeds of the economic value of
patents.
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1 Introduction

Investment in research and development (R&D) isrotonsidered as one of the
most important strategic decisions to be taken bdyma. Compared to investment in
tangible assets, R&D features several differentattaristics, for instance, a) due to its
intangible nature the outcome of the investmennae difficult to appropriate by the
firm due to positive externalities (Arrow, 1962)) the investment is basically not
reversible and thus sunk, as most of an R&D expgnss into wages of R&D personnel
(see Czarnitzki and Toole, 2009, for a discussibrihe reversibility option), c) the
expected return from R&D investments are highlyartain. The latter reason generated
several streams of research where scholars attdnptestimate both the private and

social return to R&D (e.g. Hall, 1996).

As returns to innovation rarely occur during tlegipd in which the investment in
innovation occur, and in fact, may be spread olierrtumber of years following such
investment, measure like current profits or pronlitgt effects are generally very partial
and incomplete indicators of the returns to innmva{Czarnitzki et al., 2006). For this
reason, scholars often employed the so-called madtee approach which is based on a
seminal contribution by Griliches (19841)The market value framework employs the
stock market value as an indicator of the sum pketed future profits of the firm which
is then related to its book value and, in additimnseveral R&D measures. Typically

scholars have measured the knowledge stock of fioynthe (depreciated) sum of prior

! This strand of literature is surveyed in Hall (2D@nd Czarnitzki et al. (2006).



R&D investments and/or counts of their patent stecknetimes weighted by the number

of forward patent citations received by patentthapatent stock (e.g. Hall et al., 2005).

Although the market value method is intrinsicdiigited in scope, because it can
be used only for public firms that are traded amedl functioning financial market, using
this method avoids timing problems of R&D costs aedlenues, and is capable of
forward-looking evaluation, something that studiealyzing profitability or productivity
during a given period of time are not able toZdBurthermore, the market value method
is useful for calibrating various innovation mea&syrin the sense that one can measure
their economic impact and possibly enabling onevdbdate these measures for use

elsewhere as proxies for innovation value. Thetatgument motivates our study.

As stated above, scholars typically use the R&glstas measure for knowledge
capital and supplemented it with patent stocks thay generate a premium as patent-
protected knowledge grants the inventor a tempamapopoly and eases appropriation
of the returns obtained from the initial investmdRécently, Hall et al. (2005) introduce
patent citation measures to the market value apprda the past it has been found that
the value distribution of patents is highly skeveedl that most patents have zero value
(Trajtenberg, 1990; Harhoff et al., 1999; Gambdedet al., 2008). Thus, an estimated
average effect of patent stocks can be misleadingluing knowledge assets of a firm.
Hall et al. (2005) therefore use forward citatiassan additional value correlate. Forward

citations are references to the patent in questlat are made in future patent

2 See Czarnitzki and Kraft (2004) for a supplementaithod of forward looking evaluation. They
suggested relating measures of innovation to fironedit ratings, which are also forward-looking.eTh
advantage of this method is that credit ratingsaailable for most firms in an economy, while nerk
value indicators are only available for stock matkaded companies on well-functioning stock masket
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applications. The more citations a firm’'s patenttiwlio receives, the higher is its
assumed value. While the addition of patent citetias certainly a significant
contribution towards improved patent value measusesecent study shows that the
variance of patent values is very poorly explaifigdthe number of patent forward
citations. Gambardella et al. (2008) show, basegatent value information from the
PATVAL survey’, that the four major patent value indicators icerg literature (patent
forward citations, backward references, patenindaand designated countries) explain

only 2.7% of the variance in patent value.

In this paper, we add to the literature on theneatic value of patents by making
use of unique information in the European patestesy. At the European Patent Office
(EPO), patent examiners classify each patent me¢er@according to their relevance for
the patent application in question (Webb et alQR20Harhoff et al., 2005). Among
others, patent references are marked as X andeYergfes if they challenge the novelty
or inventive step of the patent under examinatineferences challenge a new patent
application individually, and Y references refergoor art that, in combination with
other documents, questions the patentability ofnién invention (Harhoff et al., 2005;
Criscuolo and Verspagen, 2008). Firm patents tiegiuiently appear as X or Y references
in future patent filings are supposingly more valeathan other patented inventions as
X/Y references can threaten the patentability ekmtions of rivals and (partly) block
their R&D activities (Grimpe and Hussinger, 2008a uellec et al., 2009). This forces

rival firms to negotiate a licensing contract (Goenand Hussinger, 2009) or to invent

% See Giuri et al. (2007) for a description of t#ETRAL survey and some first descriptive results.



around these ‘blocking’ patents (Ziedonis, 2004yl aearch for alternative patentable
inventions in different parts of the technologydaoape. Licensing is however costly and
alternative technologies are often less effecti@eafstrand, 1999), which grants the
owners of blocking patents an important competitdyantage. Firms with blocking

patents enjoy legal protection of their technolagginst unwanted usage by third parties
which allows them to safeguard their current prefieams. This paper investigates the

impact of such blocking patents on firms’ markduea

Besides examining the market value of ‘blockingtents, this paper has several
new features compared to existing market valueiesudFirst, while most market value
studies are based on samples of U.S. or U.K. firmspmbination with national patent
data (Czarnitzki et al., 2006), we use a samplewtinational companies, i.e. top R&D
spending U.S., European and Japanese firms in B&&® intensive industries. In order
to avoid a country bias we benchmark the valueriaflic patents, i.e. patents that are
jointly filed at the U.S., European and Japanegenpaffices. As it is known that most
patents generate no value for the patent ownemh@ffaet al., 1999), triadic patents are
reflect a selected group of inventions of which tivener expects most profits as she is
willing to incur the relatively high patent filingnd patent maintenance costs in all three
patent office’s (Guellec and van Pottelsbergheadedtterie, 2008). Second, we use panel
data methods to control for unobserved firm hetenegty which is not common in this
strand of literature. One reason for that is thasinpanel data methods require that the
right-hand variables are strictly exogenous. Withimmarket value framework, strict
exogeneity would however be an inconsiderate assomgHall et al., 2005). We

employ a new estimator to control for firm specfixed effects, which is consistent and



efficient without assuming strict exogeneity (Cataki and Dhaene, 2009). Third, our
data features a detail that has not been considerety other market value study
beforehand. Large firms are often involved in mesgend acquisitions (M&A) over

time. However, scholars so far only consolidategirtilata on R&D and patents at a
single point in time of the period under review haitit tracing annual changes due to
M&A activity or sell-offs over time. Our data is wsolidated annually, and takes all

mergers and de-mergers into account.

The remainder of the paper is organized as folldkes next section describes the
method for estimating the private value of knowlkedassets. Section 3 presents the
database, provides variables definitions and daseei statistics. Section 4 shows the
empirical results and the last section concludes$ discusses the implications of our

findings.

2 Estimating the Economic Impact of Blocking Patents

Following Griliches (1981), a market value apptoas applied to assess the
private value of patents with a blocking potentidie market value approach draws from
the hedonic price model in viewing firms as bundiétheir assets and capabilities, from
plants and equipment to intangible assets suchaasimames, good will and knowledge.
The firms’ assets and capabilities are difficult b®e disentangled and priced
simultaneously on the market. The market value @ggr assumes that financial markets
assign a valuation to the firm’s assets bundleithatjual to the present discounted value

of their future cash flows. A number of recent emnaai studies used this approach to



evaluate the economic value of knowledge assetsHsad et al., 2000, and Czarnitzki et

al., 2006, for surveys of the market value literaton firm-level R&D activities).

Following most existing studies we assume a lingarket value equation
assuming that the firm’s assets enter additivelys Teads to the following equation, with

A representing the physical assets and K the krageessets of firmat timet:
Vie(Aie, Kir) = q(Aie + vK;)? 1)

Under constant returns to scate={) equation (1) can be rewritten as:
Vit Kit
log it = log-— =logq +log(1+y->) 2
it it

The left hand side of the equation is the log obifts g, defined as the ratio of market
value to the replacement cost of the firm’s phylsassets)y is the marginal or shadow
value of the ratio of knowledge capital to physiealsets at time. It captures the

expectations of the investors over the effect efkhowledge capital relative to physical
assets on the discounted future profits of the .filmg q presents the intercept of the

model, which is the average log of Tobin’s g fa& gample firms.

We use different variables to capture the knowdedgset& of a firm. First, we
use the stock of firm’s research and developme&D(Rexpenses. As R&D activities are
highly uncertain activities, we use besides R&D enges, also the stock of patent
applications as a measure for successfully finiSR&MD projects. In order to take the
skewness of the patent value distribution into aot@Trajtenberg, 1990; Harhoff et al.,
1999; Gambardella et al., 2008) we use the stockownfard citations, i.e. citations
patents receive by later filed patent applicaticas,a measure for the importance of
patents. Forward patent citations have been foondotrelate positively with various
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indicators of patent and firm value (Trajtenber§9Q; Harhoff et al., 1999; Hall et al.,

2005) and have become a well established measutkedimportance”, “quality” or the

“significance” of a patented inventions in the gwire on technological change (e.g.
Henderson et al., 1998; Hall et al., 2001; Trajexgb 2001). As a last measure for the
knowledge assets of firms we use a measure fokinlggatent citations to account, and
explicitly test, for the heterogeneity of forwardtent citations. The specification of the
market value equation has a cascading structuseder to avoid identification issues due

to potentially high correlations of different knamige variables (see Hall et al., 2005).

This results in the following specification:

CITES;t
+ V> :
A R&Dj¢

3 PAT:

blocking CITES;t
CITES;;

log q;r =logq +1log(1+v; + vy + Vs ) (3)

The following section introduces the dataset arstdieed the variables.

3 Data and Variables Definitions

3.1 Sample

Our sample consists of 151 publicly traded Europed.S. and Japanese
manufacturing companies who have their main ecoo@iivity in one of the following
three industries: Chemicals & Pharmaceuticals, tllees & IT Hardware, Non-
Electrical Machinery. We limit our sample to thékeee industries as patent propensities
are relatively high in these sectors (Arundel anablg, 1998), making patent data
appropriate indicators of technological activitiecBhe sample firms are high R&D

spenders in their sectors and country of origiroetiag to the ‘2004 EU Industrial R&D



Investment Scoreboard’. The scoreboard lists tipe5@0 corporate investors in R&D
whose headquarters are located in the EU, anadh®d0 companies whose headquarters

are located outside the EU (mainly U.S. & Japaa$el on corporate R&D investmefhts.

We collected accounting (balance sheet), market patent data at the
consolidated corporate level over a period of 6ry€2995-2000) for the sample firms.
Due to missing data for some firms and years,rédsslted in an unbalanced panel dataset
of 876 observations for 151 firms. Data on the raankalue (Tobin’s Q) and R&D
expenditures of firms are obtained from Thomsorafaal’'s Datastream database and
corporate annual reports. Patent indicators (padedt citation stocks) are constructed
from the OECD/EPO patent citation database (Webdl.eR005). The (second edition
of) this database contains information on all paggwplications filed at the European
Patent Office (EPO) and the World Intellectual Rty Organization (WIPO), under the
Patent Co-Operation Treaty (PCT), from the intrdouc of EPO in 1978 until
September 2006. The patent database also provitissad equivalent patents at other
national or regional patent offices protecting Haane technology. This information is
taken into account for the calculation of the filenel triadic patent stocks and our patent

citation based measures.

Because company names in patent databases avaifietl and patents may be
applied for under names of subsidiaries or divisioha parent firm, we linked patent and

firm data at the consolidated corporate level. \Warshed for patents applied under the

* The sample consists of 63 pharmaceutical and idaésrfirms, 60 in Electronics and IT hardware &8d
firms active in Non-Electrical Machinery. Regarditig distribution of firms across countries, 52nfirare
U.S. based, 60 are Japanese and the remainingt8®die European firms.



name(s) of the parent firm as well as under the esaraf their majority-owned
subsidiaries. For this purpose, we used yearly bstcompanies’ subsidiaries constructed
from corporate annual reports, yearly 10-K repditézl with the SEC in the U.S., and,
for Japanese firms, information on foreign subsidgapublished by Toyo Keizai in the
yearly ‘Directories of Japanese Overseas Invesshehihe annual consolidation (1995-
2000) takes into account annual changes in thepgstuicture of firms due to mergers,
acquisitions, green-field investments and spin:Offse patent stock of an acquired firm
is considered to be part of the patent stock ai@yuiring firm from the acquisition year
onwards. Hence, variations in firm-level patentcksover time in our data reflect both
changes in the size and efficiency of internal Ri&zestments and changes in corporate
group structures. In that sense, the patent stiocitgs study differ from stocks in most
other market value studies who assume stable ohipestructures over time. The
consolidation exercise proved to be a time-consgmask as the sample firms are
leading R&D actors in their industries which tygdigahave long lists of subsidiaries and
a considerable number of annual changes in theocas structure. In total 2,168
different patent applicants name variants have teé&ed to 151 firms over the period

1995-2000.

3.2 Variables

Our dependent variable is Tobin’s g for the fithe ratio of the market value of
the firm to the replacement (book) value of the i@l assets. Firms’ market value is
defined as the sum of market capitalization (slpaiee times the number of outstanding

shares at the end of the year), preferred stockonity interests, and total debt minus
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cash. The book value is the sum of net propergntgnd equipment, current assets, long

term receivables, investments in unconsolidatedididries and other investments.

R&D stocks are computed as a perpetual inventbrgast and present annual
R&D expenditures with a constant depreciation @eof 15 percent, as described in
detail by Griliches and Mairesse (1984) and Ha19@). We use the following formula

for the R&D stock of a firm in yedr
R&D stock; = R&D; + (1 — §)R&D stock;_, (4)

The initial value of the R&D stock is calculated &ach firm at the first year of available

R&D data as:
R&D stocky = R&Dy /(8 + g) (5)

In line with prior work (e.g. Hall and Oriani, 200Blall et al., 2007) an annual growth
rate @) of 8.7 percent is usedEquation (5) assumes that firm R&D expendituregeha
been growing at a constant annual radepfior to the first R&D observation year. Note

that the R&D expenditure and the firms’ total asset deflated using GDP deflators.

Patent stocks are constructed in the same wag&sdocks, applying the same
declining balance formula (4) (depreciation ratel6f6) based on patent applications.
For the calculation of the patent application ssotle complete listing of EPO patents is
available since the foundation of EPO in 1978. €ample starts in 1995, so the effect of
missing initial conditions (patents prior to 19&8)ould be very small in the calculation

of the patent stocks. Patent stocks are computeedban triadic patents in order to have

® While Hall and Oriani (2006) and Hall et al. (20Qise 8 percent as growth rate, we chose 8.7 percen
because this is the average R&D growth rate inrsaumple. The results are not sensitive to this ehoic
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comparable indicators for firms in different homeuntries (Europe, Japan and U.S.).
Triadic patents protect inventions that are patkitieall three major patent offices, the
EPO, the United States Patent and Trademark Offis®PTO) and the Japan Patent
Office (JPO). Patenting is typically characterifgda home bias as firms are more likely
to apply for patents at the patent office of tHeame country (Dernis and Khan, 2004).

To deal with this bias in patenting, triadic patstuicks are used in this stully.

Patent citation stocks as a measure of patenityaak constructed based on
forward citations to the triadic patents of firnrifhe number of forward citations to any
patent is truncated in time because only citatijmeeived until the last year of the
available patent data (2006 for this study) areeoled. The truncation problem is
addressed by counting forward citations over adfitee year window between the
priority dates of citing and cited patents. Citatioounts are restricted to citing patents
with a search report prepared by EPO examiners (HP@s and PCT filings at EPO).
This is a necessary restriction because we relyfonmation in the EPO search reports
to identify which firm patents exert a blocking eotial to other patents. Forward citation
counts are calculated using citations to all paeentivalents of EPO and PCT patents.

Citation stocks are calculated based on equatipusig a 15 percent depreciation rate.

The information in the EPO search report allowaidguishing different types of
patent references. For each EPO patent applicatpatent examiner prepares a so-called

search report that lists all important documentglvare considered as prior art. Based

® A significant share of the sample firms’ patents filed as triadic patents, which is commonly tase
for large R&D spending firms (Dernis et al., 2004%. we only have listings of EPO and triadic paseor
our sample firms, we could only calculate “the shaf national patents that are triadic” for the dpean
sample firms. About 54 percent of the EPO pateftee@European firms are also triadic patents.
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on the search report a decision is made as to whatpatent application is novel enough
to be granted. An interesting feature of the EP&ereports is that references to prior
art are classified according to their importancetf@ patent filing in question. Prior art
which threatens the novelty requirement of the qtad@plication in question is thus made
visible. In the search report, references made ifioividual claims in the patent
application are marked with an “X” if the inventi@annot be considered to be novel or
cannot be considered to involve an inventive stapmthe referenced document alone is
taken into consideration. References are markeld aitY” if the invention cannot be
considered to involve an inventive step when tlieremced document is combined with
one or more other documents of the same categaci, & combination being obvious to
a person skilled in the art (Harhoff et al., 2005)patent can still be granted (although
this is less likely) if it has many references siied with X or Y. This can, for example
be the case for patent applications with many daiX and Y references may only
pertain to particular claims and the remaining rokican be strong enough to get a
(modified) patent application with fewer patentigia granted. Citations in categories X
and Y are defined as ‘blocking’ citations. It hash shown empirically that patents cited
as X/Y references have the power to block new patpplications (Guellec et al., 2009)
and that they have a distinctive value in the m@af&e corporate control (Grimpe and
Hussinger, 2008a,b). We compute blocking citatimtlss of the firms. Again, the stock
is calculated based on equation (4) using a 15epémepreciation rate. Our regression
equations also include a set of control variableeElwmay have a direct impact on firms’

market value: industry dummies, country dummiesyat dummies.
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3.3 Descriptive Statistics

Table 1 shows some descriptive statistics. Ii@arcthat the firms in the sample
are large and R&D intensive. On average, our firtogls assets account for 9771 M$
and their R&D stocks for 603 M$, which leads to arerage R&D intensity of 0.30.
Also, the Tobin’s g values are fairly high. Withmeean value of 2.02 the Tobin’s gq values
are well above unity. Focusing on the patent steakables shows again the high
engagement of the sample firms in R&D activitieke average sample firm has a triadic
patent application stock of 303. The citation stoelative to the patent stock is 1.47,
indicating that patent applications get on avenagee than one citation, reflecting the,
on average, high quality and value of triadic patlecuments. Focusing on the blocking
potential of the firms’ patent stocks as measurel land Y forward patent citations, it is
shown that 42% of the patent citations received lbariabelled as blocking citations.

Table 1 further shows the distribution of obsewasi over time, sectors and countries.

4 Market Value Estimations

Table 2 reports the regression results of estngatie market value equation (6)

by nonlinear least squares, including year dumnai@sntry and industry fixed effects.

R&D;; PAT;; CITES;;

blocking CITES;t
it it it

CITES;;

log q; = logq +log(1+vy; + Vs ) + Uy

(6)
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We estimate four different specifications. Startwigh a basic model that only includes
the ratio between the R&D stock and total asseisdasator of firms’ knowledge capital,
we add patents, citations and blocking citatioep-stise to the market value equation.
The results show a positive and significant effeicthe ratio between R&D and total
assets on Tobin’s gq. The size of the coefficiemt ine with previous studies (Czarnitzki
et al., 2006). Previous research has shown theg tkeconsiderable variance with regard
to the impact of R&D on firms’ market value deperglon the home country of firms. In
particular, there is a high effect of R&D for U.Krms (Toivanen et al., 2002) whereas
the effect for Italian firms is small, and U.S.nfis score in between (Hall and Oriani,
2006). Our sample of European, U.S. and Japanass yields estimated coefficients for
the R&D/assets ratio of 0.7 to 0.9, which fallghe range of the coefficients reported by

Hall and Oriani (2006) for a sample of U.S. anddpean firms (0 to 1.9).

In all specifications, estimations for patents rol@&D are positive and
significant. This shows that the patent applicastotk contributes to the market value of
the sample firms on top of the R&D stock that hasegated the patents. The magnitude
of the coefficient (0.7) is significantly higherath the coefficients obtained by Hall et al.
(2005; 2007) for U.S. data (approximately 0.03) &uwtopean data (approximately 0.3).
These studies rely on national patents (U.S. antbdean patents respectively). The
estimations presented in this paper are the uadidripatents and suggest that triadic

patents are, on average, more valuable than EPQ&RT O patents.

Citations reveal an additional premium over theepastock. The citation variable
is positive and significant in all specificatiorgnfirming that forward patent citations

are an indicator of patent quality. The last coluofinfable 2 shows the results for the
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market value equation in which the ratio betweentlocking and total citations stock is
added to the equation. The positive and significagfficient of this variable suggests
that patent citations that block patents are peeckas the most valuable type of patent

citations by the market.

To get an indication of the size of the estimatéfdcts, semi-elasticities for the
knowledge asset variables that are included inr¢lgegessions are reported in Table 2.
Reported values are average values of the sentiestias for all sample observations.
Standard errors of the semi-elasticities are obthusing the delta method. An increase
of one point in the R&D intensity of a firm (i.en ithe ratio R&D/Assets) leads to an
increase in the market value of the firm in thegewof 25 to 67 percent. Further, one
extra triadic patent per million dollars of R&D me@ase the market value by about 40-50
percent and one additional citation per patent tsowsrket value of firms by about 13-
23 percent. The semi-elasticities for the patemt eitation variables are significantly
higher in our study than in the study of Hall et(2005) for USPTO patents of U.S.
firms. Again, this may be explained by the factttia use stocks of triadic patents and
focus on the largest R&D actors within our indwestriMost notably, the semi-elasticity
for the ratio between blocking and total paterdt@ins is considerably high. An increase
of one point in the ratio blocking over total pdteitations, i.e. if a firm without any
blocking patents would suddenly own blocking paemtly, increases the market value

of the sample firms by 89 percent.
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The pooled crossectioral estimations presented in Table 2 have the disadga
that they do not account for the impact of unobserfirm fixed effects. It is rathe
uncommon in tB market value literature to apply panel data nagho control for firrr
fixed effects’. A problem with panel techniques is, as Hall le{2005) argue, that tt
right-hand side variables cannot be considered as gtstbgenous, an assumpti
requied by most panel data methods. In this paper, wplogma new panel de
estimator which uses psample informatiorfor the dependent variable to control
unobserved firm specifieffects. The estimator is based on a count data fixed €
estimationapproach proposed by van Reenen et al. (2007 padlttile advantage that
does not rely on the assumption of strict exoggneifitthe regressor<Czarnitzki anc
Dhaene (2009) show that 1 pre-sample fixed effects approachaiso consistent ar

efficient if the dependent variable is not a c«. Equation (7) is the market val

equation in which the preample mean of the dependent varia v:#) is added to th

specification.

R&D;; PAT;; CITES;;

blocking CITES;t
we T V2ren, T V3,
it it it

CITES;;

log Qi =logq +log(1+y; + Va )+ v+

Uit (7)

Table 3 reports the regression result estimating the market value equation (7)
nonlinear least squares, also including year, egusntd industry dummies as contrc
Adding presample information on the dependent variable cemaldy increases tt

explanatory power (adjustec?) of the market value model from 44 to 56 percent. -

" The few exeptions are Blundell et §1999), Bloom and van Reenen (2002) awil/anen et al(2002).
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sign and significance of most estimated coeffigem Table 3 are in line with the
coefficients obtained for the pooled cross-sectiomodel in Table 2. The most
remarkable difference is that the R&D stock ovesess turns insignificant for most
model specifications if fixed effects are takeroiatcount. This may be explained by the
fact that R&D changes only slowly over time andhierefore highly correlated with firm
specific fixed effect (Hall et al., 2005). The chaénts for patents over R&D and
citations over patents are positive and (mostlgnisicant, but smaller than those
reported in Table2. The premium for blocking citas stock remains positive and
significant and is comparable in magnitude to #nsults reported in Table 2. In addition,
the semi-elasticities presented in Table 3 showtti@inclusion of fixed effects does not

change our previous results.

We check the robustness of our results by caloglatitation measures without
self-citations. Regression results without sel&tins are reported in Table 4. Table 4
presents specification 1l and IV using both pooleebss-sectional and panel data
technigues (pre-sample means). We see little difiez in the estimated coefficients of
the variables with regard to size and significarides is in line with previous results for
the market value of patents for U.S. (Hall et 2005) and European firms (Hall et al.,

2007).
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5 Conclusions & Discussion

Innovation is considered to be a major cause ohemic growth and welfare of
countries (Schumpeter, 1934; Solow, 1957; GrilicH&¥9). A necessary condition for
private innovative activity to take place is thahavation has a positive impact on firm
profits. This has stimulated researchers in acegsbie value of firms’ R&D investments
(e.g. Hall et al., 2005) and innovation stratedgiesy. Ceccagnoli, 2009). This paper
contributes to this stream of the literature. Mgkinse of a unique feature of the
European patent system, we investigate differeimcdse value of patented inventions by
investigating the role of ‘blocking’ patent citat® At the European Patent Office (EPO),
patent examiners classify patent citations accgrdo their relevance for the patent
application in question. Patent references are ethds X or Y references if they, alone
or in combination with other documents, challenige hovelty or inventive step of the
patent under examination (Webb et al., 2005; Hdraofal., 2005; Criscuolo and
Verspagen, 2008). These references are referrad folocking’ references in this paper
as they can threaten the patentability of inverstioh rival firms and (partially) block
their R&D activities (Grimpe and Hussinger, 2008auellec et al., 2009). Blocking
patents can enable their owners to better prateat tnarkets, and are therefore expected
to be of high value. The aim of the paper is arsgtigation behind the economic value of

blocking patents.
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Our empirical analysis follows the market valygp@ach of Griliches (1981) in
which the market value of firms is regressed oretaos$ indicators of their knowledge
stocks, including the share of blocking patentticites to firm patents. Our paper makes
several methodological contributions to the mankadtie literature. First, we employ a
new panel data method based on pre-sample infaxmé&ti control for unobserved firm
fixed effects. Second, our patent stock variabtesbased on annually consolidated data
and calculated based on triadic patents (i.e. pafdad simultaneously at the European,
U.S. and Japanese patent offices). Third, our Eafiyfms have their home countries in
different European countries, Japan and the U.Ber@as most prior studies focus on

firm samples from the U.K. and U.S. only.

The results show that firms owning a high shdrblocking patents (relative to
all patent citations received by firm patents) hav&uperior market value. This suggests
that patents which receive a higher number of bfarkitations have a higher economic
value to firms than other patented inventions. fiwuding adds to the literature on patent
value (e.g. Trajtenberg, 1990; Harhoff, 1999; Halhl., 2005; Gambardella et al., 2008)
by showing that there are differences in the infational value of patent citations on the
economic value of patents, and that mainly ‘blogkpatent citations (X and Y citations)

are a good predictor of the value of patents.

The finding that a substantial part of the valasigned to forward citations stems
from a specific type of forward citations, namelyose with a blocking potential,
suggests that the use of pooled forward citati@na eneasure of patent quality can lead
to an overestimation of the patent value. Recemtlgacer and Gittelman (2006) have

raised similar concerns regarding examiner-giversug applicant-given citations for
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USPTO patents, arguing that examiner-given citatimflate citation measures. Rather
than looking at the source of citations (examineaplicant given), we investigate the
role of patent citations in the grating processthier patents. Our study indicates that it
is important to make a distinction between citaditimat are made to question the novelty
of patents (blocking citations) and citations tlaa¢ simply (non-infringing) prior art

references.
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Tables

Table 1: Descriptive statistics

mean st. dev. min max
# 876

Tobin's g 2.03 2.14 0.22 16.60
log(Tobin's q) 0.37 0.76 -1.53 2.81
assets 9770.99 13541.76 40.03 90908.60
R&D stock 603.29 947.89 8.43 5564.48
R&D stock/ assets 0.30 0.20 0.02 1.72
triadic patent stock 302.83 584.20 0.00 4689.90
triadic patent stock/ R&D stock 0.13 0.13 0.00 0.09
triadic citation stock 447.11 833.37 0.00 5568.96
triadic citation stock/triadic patent stock 1.47 0.57 0.00 4.09
triadic XY citation stock 181.35 331.64 0.00 2215.45
triadic XY citation stock/triadic citation stock 4P 0.11 0.00 0.84
triadic self-citation stock 133.70 284.95 0.00 2032.21
triadic citation stock excl. self-citations 313.41 579.05 0.00 3765.15
triadic XY citation stock excl. self-citations 132, 237.21 0.00 1608.77
triadic XY citation stock excl. self-citations/
triadic citation stock excl. self-citations 0.42 0.11 0.00 0.78
Year 1995 0.16 0.37 0.00 1.00
Year 1996 0.16 0.37 0.00 1.00
Year 1997 0.17 0.37 0.00 1.00
Year 1998 0.17 0.37 0.00 1.00
Year 1999 0.17 0.37 0.00 1.00
Year 2000 0.17 0.38 0.00 1.00
Electronics & IT Hardware 0.39 0.49 0.00 1.00
Non-Electrical Machinery 0.18 0.39 0.00 1.00
Chemistry & Pharmaceuticals 0.43 0.49 0.00 1.00
Belgium 0.01 0.12 0.00 1.00
Switzerland 0.01 0.10 0.00 1.00
Denmark 0.01 0.12 0.00 1.00
Finland 0.03 0.16 0.00 1.00
France 0.03 0.18 0.00 1.00
Germany 0.05 0.22 0.00 1.00
Japan 0.40 0.49 0.00 1.00
Netherlands 0.03 0.18 0.00 1.00
Sweden 0.02 0.14 0.00 1.00
United Kingdom 0.04 0.20 0.00 1.00
United States 0.35 0.48 0.00 1.00
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Table 2: Market value estimates

I Il 1 \Y
dependent variable: log of Tobin's q
coefficient coefficient coefficient coefficient
(s.e (s.e (s.e (s.e
constant 0.60*** 0.49%** 0.04 -0.33
(0.08) (0.09) (0.17) (0.26)
R&D/assets 0.70%** 0.90*** 0.72** 0.72
(0.21) (0.26) (0.35) (0.51)
patents/ R&D 2% 0.95%** 1.20**
(0.21) (0.32) (0.50)
citations/ patents 0.44*** 0.37*
(0.16) (0.22)
XY citations/ citations 2.55**
(1.01)
N 876 876 876 876
Il -768.62 -762.58 -748.51 -736.50
adjusted R 0.40 0.41 0.42 0.44
Semi-elasticities
semi-elasticity semi-elasticity semi-elasticity nseslasticity
(s.e) (s.e) (s.e) (s.e)
R&D/assets 0.58*** 0.67*** 0.37** 0.25
(0.15) (0.16) (0.16) (0.16)
patents/ R&D 0.54%** 0.49%** 0.42%**
(0.14) (0.14) (0.14)
citations/ patents 0.23*** 0.13**
(0.06) (0.06)
XY citations/ citations 0.89***
(0.20)

A Robust standard errors

The regressions contain 10 country dummies, 2 ingldsmmies and 5 year dummies.
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Table 3: Market value estimates controlling for undoserved heterogeneity

[ Il I \Y
dependent variable: log of Tobin's q
coefficient coefficient coefficient coefficient
(s.e} (s.e} (s.e} (s.e}
constant 0.33*** 0.27*** -0.02 -0.43***
(0.07) (0.07) (0.12) (0.16)
R&D/assets 0.20 0.27* 0.10 -0.21
(0.14) (0.16) (0.20) (0.29)
patents/ R&D 0.41%** 0.47** 0.59**
(0.15) (0.18) (0.27)
citations/ patents 0.25** 0.15
(0.10) (0.13)
XY citations/ citations 2.41%**
(0.59)
pre-sample mean 0.62*** 0.61*** 0.59%** 0.60***
(0.05) (0.05) (0.05) (0.05)
N 876 876 876 876
Il -661.55 -658.40 -649.21 -629.56
adjusted R 0.53 0.53 0.54 0.56
Semi-elasticities
semi-elasticity semi-elasticity semi-elasticity semi-elasticity
(s.e) (s.e) (s.e) (s.e)
R&D/assets 0.19 0.24* 0.07 -0.10
(0.13) (0.13) (0.14) (0.13)
patents/ R&D 0.36*** 0.33*** 0.27**
(0.12) (0.12) (0.11)
citations/ patents 0.17*** 0.07
(0.05) (0.05)
XY citations/ citations 1.10%**
(0.18)

A Robust standard errors

The regressions contain 10 country dummies, 2 ingldsmmies and 5 year dummies.
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Appendix

Table 4: Robustness check: market value estimatega@uding self-citations

I Il 1] \Y
dependent variable: log of Tobin’s g
coefficient coefficient coefficient coefficient
(s.e} (s.e} (s.e} (s.e}
constant 0.25* -0.16 0.16 -0.27**
(0.15) (0.21) (0.11) (0.14)
R&D/assets 0.90*** 0.83* 0.23 -0.10
(0.32) (0.46) (0.18) (0.26)
patents/ R&D 1.01%** 0.98** 0.50*** 0.40*
(0.30) (0.42) (0.17) (0.23)
citations/ patents 0.27* 0.08 0.11 -0.05
(0.14) (0.19) (0.09) (0.12)
XY citations/ citations 2.72%** 2.38***
(0.79) (0.45)
pre-sample mean 0.60*** 0.61***
(0.05) (0.05)
N 876 876 876 876
Il -758.42 -741.23 -656.91 -632.82
adjusted R 0.41 0.43 0.53 0.56

Semi-elasticities
semi-elasticity semi-elasticity semi-elasticity semi-elasticity

(s.e) (s.e) (s.e) (s.e)
R&D/assets 0.55%** 0.33** 0.19 -0.05
(0.16) (0.16) (0.14) (0.13)
patents/ R&D 0.61%** 0.39%** 0.40*** 0.21*
(0.14) (0.13) (0.12) (0.11)
citations/ patents 0.16** 0.03 0.09 -0.03
(0.07) (0.07) (0.07) (0.07)
XY citations/ citations 1.07*** 1.23%**
(0.18) (0.16)

" Robust standard errors
The regressions contain 10 country dummies, 2 ingldssmmies and 5 year dummies.
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