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Abstract

The purpose of paper is to investigate the coninbuof R&D investments,
patents, and trademarks to the market valuationgoofipanies using a
Tobin’s q format. | employ non-linear least squares (NLL&Jression tech-
niques to estimate the market valuation equatio® f6657 observations in the
years 1996 to 2002. The results show that tradesnatthkich have rarely been
examined in previous research, play an importalet iro determining com-
pany valuations. Indicators derived from publiciyagable trademark data
are shown to reflect trademark value. Knowledgetasare also valued in fi-
nancial markets, but patents need to be adjustettidd value to be informa-
tive. Trademark portfolios are found to represent?® of the firm value,
while patent portfolios capture 4.7% and R&D inveshts 19.9%. These in-
sights add to our understanding of how firms aleadand how important it
is for companies to actively cultivate their IP &as
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1 Introduction

Firms are organizations that combine a broad rafghfferent assets and resources to
develop, manufacture, and sell their products. dssphysical assets, such as property,
plants and equipment, firms have intangible asbetisbecome increasingly important.
Intangible assets include, among others, knowledgets, customer networks, brands,
and reputation. Financial investors assess firargjible and intangible assets and form
expectations about their future performance. Rebdaas frequently found that knowl-
edge assets, such as R&D investments and patemisibcite to higher market valua-
tions in the financial market (e.g., Blundetl al, 1999; Cockburn and Griliches, 1988;
Griliches, 1981; Hallet al, 2005). The economic value of other intangiblectss$ias
rarely been studied, although other IP rights, udtlg trademarks, are increasingly
important for companies. With few exceptions (BosWwoand Rogers, 2001;
Greenhalgh and Rogers, 2006a, 2006b), trademalksrigere not considered in the
discourse of evaluating the economic value of igifale assets. Compared to patents,
they are rather invisible in economic research. lgVpatents are regularly and exten-
sively investigated in the field of industrial orgzation, this is not the case for trade-
marks, but related issues, such as product diffieten, product positioning, brands,
and advertising, have been considered (Cabral,&000urch and Ware, 2006; Tirole,
2003). Graham and Somaya (2006) and Mendenegd (2004) also note that the pau-
city of research on trademarks is surprising, gittegir importance for companies to
protect their brand assets.

Trademarks are important to companies becauseeihalyle consumers to identify the
products of one company and to distinguish themmftbose of competing businesses
(Besen and Raskind, 1991; Landes and Posner, 188&Y. also provide incentives for
firms to offer products of a consistent and rekatpuiality (Cabral, 2000b; Economides,
1988; Landes and Posner, 1987). Trademark lawviiasrtain requirements for estab-
lishing a valid trademark right (European Couné&®93, Art. 4, and Art. 7). First, a
trademark can be any sign that is capable of betpgesented graphically. Naturally,
words and graphical signs (e.g., logos or symbd@lijll this condition. Three-
dimensional shapes, colors, and even sounds agpeiniciple, also registrable as long as
they can be graphically represented (Mendagica, 2004). The second requirement is
distinctiveness, which means that customers are tablrecognize a sign as being a
trademark and distinguish it from other trademankghin an appropriately defined
product category (Besen and Raskind, 1991; LandesPosner, 1987). This latter
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requirement guarantees that common words are intigrenregistrable because they
are devoid of distinctive character (European Coui®93, Art. 7)> Moreover, the
concept of distinctiveness ensures that a sigmwfoch protection is sought is neither
identical nor too similar to other already existiiyrights (Besen and Raskind, 1991;
European Council, 1993, Art. 8). Trademarks canibeed as direct commercial links
between a company and its actual and prospectigtommers (Economides, 1988;
Malmberg, 2005; Phillips, 2003). A prominent exae Intel. With its sloganintel
Inside it built a strong and direct connection to itsderustomers, thereby bridging
downstream distributors (Afuah, 1999).

The rights conferred by valid trademark registragi@ndow owners with legal instru-
ments to preserve their trademarks’ exclusivityr@@ean Council, 1993, Art. 9). These
rights primarily allow a trademark holder to prevethers from counterfeiting or taking
unfair advantage of the trademark. Moreover, tontaan the distinctiveness of an
existing trademark, owners can file oppositionthéy find that a third party’s trade-
mark application is too similar or even identicaltheir own (European Council, 1993,
Art. 8, and Art. 42; Phillips, 2003; von Graeveni2p07). A successful opposition leads
to the rejection of a hostile trademark applicati®hus, trademark rights allow their
holders to protect their assets, such as brand srxamgk reputation, against impairment.
In sum, trademark rights allow their owners to n&iima commercial link to consumers
that is “free from interference” (Phillips, 2003, 2b) by the detrimental activities of
competitors. Trademarks and brands are highly timieed (Mendonceaet al, 2004).
The former represents the legal basis upon whiehldkter builds. Investments in
brands, in particular advertising, would be useléssademark rights did not prevent
rivals from unfairly appropriating the value of awned trademark through, for exam-
ple, counterfeiting or imitation. Consequently,deaark rights can be viewed as legal
anchors of brands. The importance of trademarkdsis documented in the immense
number of trademark applications in Eurdp&t the end of 2007, over 640,000 CTM

2 Thus, the word\ppledoes not qualify for registration as applied wits because it lacks distinctive-

ness with regard to this product category. Yas dligible for protection when used for computers.

Within the field of business administration, egka body of literature discusses the use of tradiesna
and how companies successfully build brands. Howehés area of research has not regarded the
importance of trademark rights for acquired assetsh as brands or reputation.

The CTM is valid in all member states of the Hlie CTM system was established by Regulation
No. 40/94 of the European Council (1993). Accordioghis act, the OHIM, which administers the
CTM system, commenced trademark examination opaistn 1996.
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applications had been filed with the OHIM. Of themgplications, 420,000 became
registered as CTMs (OHIM, 2007).

The objective of this study is to assess the ecamealue of trademarks and knowl-
edge assets. More specifically, | explore the i@hship between firms’ valuations in
the stock market and their assets (Tobg):sDepending on their strategy, firms deter-
mine the amount of funds to invest in knowledgebmnd assets. While knowledge
assets measure innovation, trademarks transmitagesgo the consuming public and
facilitate product choice (Economides, 1988). Faiahmarkets assess the prospective
returns that arise from these investments. To nmedswwledge assets, R&D invest-
ments and patents are frequently used in markeewedjuations. The use of trademarks
in market value equations, however, is rather ndwurther aim of this work is to
scrutinize the economic relevance of several indrsareflecting trademark value; these
indicators are obtained from publicly availablede#mark data and can thus be widely
applied. They are: (i) Nice classes, which inforsrabout the breadth of trademarks, (ii)
seniorities, which reflect the familiarity of thersuming public with trademarks, (iii)
oppositions brought against rivals, which indictite intensity of a company’s protec-
tion of its trademarks, and (iv) oppositions reeei\by rivals, which reflect third par-
ties’ honoring of the potential value of owned &adhrks. According to these indica-
tors, the value of trademarks is greatly disperéédititough they allow us to characterize
trademarks and their portfolios in more detailjitlagsociation with firm value, in order

to show their economic relevance, has not yet lseewn.

The following two main research questions are sxfb@. First, are trademarks eco-
nomically valued in stock markets and do trademacksnpared to knowledge assets,
add further value? Second, which indicators ofdmadrk value, similar to patent value
indicators, can be constructed from trademark dathare these indicators informative
about trademark value? To address these questienmarket value approach, initially
presented by Griliches (1981), is further develofmedhcorporate trademarks and their
value indicators. The value indicators were iniagpresented by von Graevenitz
(2007), who used them to determine trademark opjponssutcomes. To corroborate the
applicability of these indicators to trademarkgerence is made to the patent literature
since research in this area has already led talé¢hrelopment of several patent value
indicators drawn from publicly available patentaldtcompile a comprehensive dataset
including the world’s largest publicly traded coratoons. In addition to annual ac-
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counting and financial data, firm-level IP portfidi comprising both trademarks and
patents, are constructed. The IP rights considarethese portfolios are European
Patents issued by the EPO and CTMs granted by thdOEuropean Patents and
CTMs cover roughly the same geographical area.emaak data, in particular CTMs,
have very rarely been employed in the analysigrofsf market valuations, compared to
accounting, financial, and patent data. Regardatgmis, citations were used to account
for their greatly dispersed value (Harheffal, 1999). The dataset employed to estimate
the market value equation has the structure ofrdvalanced panel, and it comprises
6,757 observations on 1,216 companies for the yiE¥36 through 2002.

The results indicate that both knowledge assetdradeémarks are economically valued
in the stock market since they are positively aséed with firm value. Although both
measures of knowledge assets, investments in R&patents, were positively associ-
ated with Tobin’sg, it was found, however, that investors do not gaherely counted
patents but assess their inherent value. The baoititsn of trademarks to firms’ market
values was very robust and yielded a higher exptapgpower compared to the meas-
ures of knowledge assets. Investors clearly asaidngher value to companies with
larger trademark portfolios. Trademark value intbhca add further value, as is demon-
strated by the following observations. First, moreersified companies as indicated by
the breadth of trademarks seem to experience autisdn the financial market. Sec-
ond, trademarks are of higher value if they ard estihblished reflected in trademarks’
seniorities. Finally, companies that defend theidémark portfolio more vigorously are
more highly valued. This renders trademark oppmsstieconomically relevant and
shows that an active management of trademark piogfas valued. Interestingly,
knowledge assets and trademarks carry some defre@ronmon information. This is
attributable to companies’ engagement in new prodeeelopment since new products
require knowledge assets for developing them aadetnarks for selling them. The
results are claimed to be representative of latgeksexchange-listed corporations. As
an IP right, trademarks are registrable for the lelpwoduct and service space. This is
in constrast to previous studies on patents siheeuse of patents is concentrated in
technology-related industries.

The remainder of the study is divided into fourtgets. Sectior?2 presents the market
value approach. Drawing on previous studies onntlaeket valuation of knowledge
assets and trademarks, it also describes the matweatito estimate the economic value
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of knowledge assets and trademarks using finadeial. Sectiol3 presents the data and
describes the variables while Sectbreports the results of estimating the marketevalu
equation. Finally, Sectioh provides a conclusion that addresses the liraratbf this

study and indicates avenues for future research.

2 Trademarks and the Market Value Approach

This section describes the market value approaeitit® 2.1) and discusses how
trademarks are accommodated in the market valuatieguSectior2.2). Four indica-
tors are presented to account for the great digpens trademark value (Sectich3).
To incorporate those indicators in the market valgeation, | follow an approach based
on Hall et al. (2005), who include patent citations in the mankaue equation to ac-
count for patent value (Secti@). Finally, I highlight issues related to theirstion

of the model (Sectiof.5).

2.1 The Market Value Approach

The market value approach, which combines accogimtata of firms with their valua-
tion in financial markets (Lindenberg and Ross, 1198lontgomery and Wernerfelt,
1988), has frequently been employed to assessgetarinnovation and the economic
value of intangible asselsAccording to this approach, the value of a compamgom-
passes tangible and intangible assets. In finame@kets, investors estimate a com-
pany’s value according to the prospective retuhad they expect from its assets. Ex-
pectations of the future performance of a compameyeanbodied in its stock price. If
stock markets are efficient, the company value isgih@ sum of discounted future cash
flows. The market value can therefore be viewed &wward-looking measure of firm
performance (Hall, 2000). Since the market valygr@gch rests on the assumption that
companies are bundles of assets, this approadmegarable to hedonic price models.
Those models seek to disentangle the price of @ god measure the contribution of
each single characteristic to that good’s pricell(ldaal, 2007). Correspondingly, the
market value approach assumes that the price ofmgany, determined in the financial
market, is a function of the assets of the compadimgse assets are either tangible or
intangible and include inventory, plants and eq@pmcustomer relationships, reputa-

tion, brands, and knowledge assets (Hllal, 2007). Following the initial work of

® An analytical evaluation of econometric approache assessing the economic value of R&D is

presented by Hall (2007).
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Griliches (1981), the typical linear market valuedal assumes that firms’ assets enter

the market value equation additively:

Vi (A Ky) :qit(At +J'Kit)a’ (1)

with

Q; = eXF(yt ¢, +tm +uit) . (2)

The value of companiat timet is given byVi. Physical assets are representedAby
and knowledge assets By Both categories of assets are summed, implyiagaHirm

is equal to the sum of its components. The curvahiation coefficientgq;, of the
company’s assets at a specific time captures fmthat affect the valuation multiplica-
tively (Hirsch and Seaks, 1993). Such factors nmajude market structures or differen-
tial risks (Griliches, 1981)q; includes an individual disturbance;, and variables
accounting for valuation effects regarding timeountryk, and industry. These over-

all valuation effects are shown By c,, andm, respectively.

O measures returns to scale and is unity if theevélaction is homogeneous of degree
one, indicating constant returns to scale (Pembeaiod Rau, 2001, pp. 263-265).
Becauseo relates to a sum, its size may also provide insigtat the relationship be-

tween the addendsand )K. Economies of scale existafexceeds 1. This may indicate

that the addends are complements.

The marginal valugs/reflects the contribution to the company’s valueew one addi-
tional unit is spent on knowledge assets. Whrenl, yis the relative shadow value of
knowledge assets to physical assets (Hall, 199ad;atd Oriani, 2006). Accordingly,
the productgiyis the absolute shadow value reflecting the expecis of investors.
Following Hall and Oriani (2006), | do not alloywto vary over time, although this
would be more accurate (Hall, 2000; Toivametral, 2002). The shadow value is not to
be interpreted as a structural parameter; it measueither the supply nor demand of
knowledge assets. Instead, marginal values ardilmguin outcomes in the financial
market, resulting from the interaction between cam@s’ investment activities and
investors’ evaluations of these (Hall, 2000; Haldl@riani, 2006).
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Knowledge asset¥, can be represented by R&D investments (Hall, b99®93c;
Hall and Oriani, 2006; Jaffe, 1986; Johnson andi®&a, 1993) or patents (Blundel
al., 1999). Several studies incorporated both R&D patents in the market value
equation (Bloom and van Reenen, 2002; ConnollyHinschey, 1988; Griliches, 1981;
Grilicheset al, 1991; Hallet al, 2005; Megna and Klock, 1993; Toivanenal, 2002).
Importantly, mere patent counts have been founbetdess informative than citation-
weighted patent stocks, which account for the gdesgersion in the values of patents
(Hall et al, 2005).

Note that all assets are stock variables (as oppmséow variables§. Financial mar-
kets price a company according to the future cesisfinduced by the various assets of
the company. Past investments have built the kriyedoase with which the company
develops its products today. Of course, knowledgets depreciate over time, but these
past investments influence investors’ appraisathef future development of the com-
pany and, therefore, the valuation of a firm. Aclogly, stock variables were com-
puted in this study. This approach is differentnfréhat of Greenhalgh and Rogers
(2006a), who employ flow variables for R&D and ingfily assume a depreciation rate
of 100%.

2.2 Including Trademarks in the Market Value Equation

The accommodation of trademarks in the market valpgation is rather straightfor-
ward although, in principle, two possibilities dxier incorporating trademarks. First,
trademarks may be treated as an asset class thahimetrical to knowledge assets. An
additional additive term comprising trademark ssd@k then included in the market
value equation. This method is applied in othedistsl (Bosworth and Rogers, 2001;
Greenhalgh and Rogers, 2006a, 2006b). Secondneale may be incorporated in the
multiplicative factorgi, since they may affect or influence market strregult has been
pointed out that the characteristics of a compamasket position should be accounted
for in this multiplicative factor. Griliches (198X1onsidered a company’s monopoly

position as well as its risk profile structures,iethshould be incorporated @y. Hirsch

® A flow variable captures the annual inflow (e@pnual flows of trademarks, patents, or R&D expen-

ditures) to a stock. Conversely, a stock variabéasared in periotlaggregates all annual inflows up
tot. If, for example, a company has a portfolio of 1@@lemarks i — 1 (stock variable) and files 10
trademarks irt (flow variable), the stock ihconsists of 110 trademarks. The stock +h1 might be
depreciated to account for obsolescence (Hall, 2007
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and Seaks (1993) highlighted measures of markeattstes. Trademarks protect com-
panies’ assets from erosion and allow their owt@rdefend their brands against inter-
ference by rivals (Phillips, 2003). This permitsrgmanies to maintain and foster their
market positions (Besen and Raskind, 1991; Econesniti988; Rujas, 1999). It can be
argued that trademarks are instruments that eteddeaging of other assets. As trade-
marks establish commercial links between a compamy its consumers, they may
freeze market structures, thus raising barrierset@ entrants through consumer loyalty
(Demsetz, 1982).

However, | follow the first possibility for the flowing reasons and treat trademarks
symmetrically to other assets. Adding trademarklstseparately and symmetrically to
knowledge assets, follows the approach of Hall @ndni (2006), who include “other
intangible assets” (p. 975) in addition to physieakets and knowledge assets. Hall
et al. (2007) state that the assets owned by a firmiatdode customer networks, brand
names, and reputation. They assume, moreoverdifi@atent types of assets enter the
market value equation symmetrically and additivélgcording to this practice, adver-
tising expenditures (Connolly and Hirschey, 198&lIH1993c; Hirschey and Wey-
gandt, 1985; Villalonga, 2004) and trademarks (Bw$lw and Rogers, 2001;
Greenhalgh and Rogers, 2006a, 2006b) have beamndet! Trademark rights can be
viewed as the foundation on which a company’s brands reputation can be built
(Phillips, 2003). The term ‘brand equity’ (AakeQdLl) clearly shows that brands, and
trademarks as their legal basis, are one asset alasng others. Moreover, if patents
are used as a measure Koand, thus, are included as an additive term, bwthns to
protect IP are treated in an analogous way to kedge assets. Therefore, the market

value equation

Vi (ALK M) =0 (A+ K +yuMy )7 3

incorporates trademark portfolidd, as an additional additive term. The symmetry with
which the asset classes are treated assumesdabatpany is principally able to choose
between investments in these types of assets. fduow value of trademarks relative
to physical assets is given by. Taking logarithms of both sides and subtractimg t

logarithm ofA results in

log - =logg, +( -1 log A, + Jlog(1+ Ve Sy, &j (4)
At At At
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The fraction on the left side of Equation 4 représé obin’sq, the ratio of the market
value of a company to its physical value. The aiirnearket valuation coefficiend, is

given by Equation 2.

2.3 Indicators of Trademark Value

The value of patents has found to be highly skefizahoff et al, 1999; Harhoffet al,
2003b). Several indicators informing about theitugeacan be derived from patent
registration files. Research has shown that sudicators are correlated with more
direct measures of patent value (Harteifel, 1999; Harhoffet al, 2003a). Trademarks
are also subject to a great dispersion in theinevdbee Barttet al, 1998 concerning
brand values). The value of a trademark is rootesi ability to positively influence
consumers and their purchasing decisions (Econ@niti@88). This capability of a
trademark is also known as goodWilPhillips, 2003; Smith, 1997). The development
of indicators reflecting trademark value rests ba assumption that more valuable
trademarks are treated differently by their ownamsl their rivals than less valuable
trademarks. Given this assumption, these differest®uld also be observable in the
publicly available registration files of trademaokfices. The indicators that inform
about trademark value include the breadth of traks) claimed seniorities, opposi-
tions lodged against others, and oppositions redeby rivals. With the exception of
von Graevenitz (2007), who points out that theskcators are relevant for opposition
cases, they were not studied in depth yet. Thenale for each measure is outlined
below, and Table 1 summarizes these insights. Whassible, a comparison to patents
is drawn because value indicators of patents haen bntensively discussed in the

literature.

" This meaning is different from the meaning ofdgwill' as an accounting item occurring in the case

of an acquisition. As an accounting item, goodugilthe difference between the book value of an ac-
quired company and the company value paid by tlyerbu
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Table 1: Value Indicators of Trademarks

References Possible

Rationale regarding Related concept within the levels of
Measure trademarks for patents area of patents  analysis
Nice classes — Breadth regarding goods - Scope of technological Lerner (1994); Firm,
of a trade- and services covered classes Harhoff and trademark
mark — Claims Hall (2003)
Seniorities — Familiarity and diffusion — Geographical coverage as Putnam (1996) Firm,
claimed due to previously existing measured by the size of trademark
trademarks patent families
— Reflecting potential — Targeted markets
awareness
Oppositions - Monitoring activity and — Monitoring activity and Harhoffet al. Firm
brought by capability of perceiving capability of perceiving (2003a)
an applicant threats threats

— Protection of own assets, Protection of own assets,
degree of aggressiveness  degree of aggressiveness
and willingness to damage  and willingness to damage

others others
Oppositions - Being recognized and — Being recognized and Harhoffet al. Firm,
received by a monitored monitored (2003a) trademark
trademark — Being a potential threat to — Being a potential threat to
application competitors or other firms competitors or other firms
— Owning potentially — Owning potentially
valuable assets valuable assets

The breadth of a trademark is captured by the nurmbgoods and service classes for
which it is registered. When filing an applicationjs possible to seek protection for
several goods and services classes. Assessingniaigki® subject matter reveals that
those applied for only a few classes tend to ptatewle products or narrow product
lines, for examplévliicrosoft Office 200@r iPod. By contrast, trademarks lik@aimler

or PlayStationare awarded to many classes and seem to protdet woduct lines or
so-called umbrella brands (Cabral, 2000b; Erder88i9The classes are set out by the
Nice Classification and span 34 goods and 11 serclasses (WIPO, 2006). This
scheme is rather crude compared to the InterndtiRat&nt Classification (IPC), which
provides a detailed scheme to classify technolo@ehmoch, 2003). Comparable to
the technological scope of patents indicated by ¢RSses (Lerner, 1994), Nice classes
represent the market scope of a trademark. The comelement of IPC and Nice
classes concerns the classification of the subjeaiter in the technology or market
space, but an important distinction between IPCdice classes remains. Nice classes
also span the scope of legal protection, while tRSses perform no such function. The
more Nice classes for which a trademark is regstethe broader the scope of legal

protection. With patents, the scope of legal prtiwads defined by their claims. There-

8 A brand can be said to be an umbrella brand,spans several products (Erdem, 1998; Wernerfelt,

1988).
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fore, the claims of a patent and the Nice classastiademark both determine the scope
of legal protection. Accordingly, application fe@esrease as more claims (Harhoff and
Hall, 2003) or more Nice classes (Mendoretaal, 2004) are specified. Due to the

scope of protection indicated by the number of Nilzsses, it can be expected that a

trademark with a larger breadth reflects a higteue.

Consumers’ awareness of a trademark is a key dovés value (Aaker, 1991), and
their familiarity with a trademark or its diffusidn the market is indicated by the sen-
iorities carried by a CTM. Seniorities account foe number of previous registrations
in other jurisdictions. A seniority of an earliestronal trademark can be claimed if the
CTM applied for is identical to or contains the leartrademark (European Council,
1993, Art. 34). This mechanism ensures that the fjan earlier national trademark, if
lapsed or surrendered by the owner, is continuszligh a subsequent CTM. A CTM
claiming several seniorities refers to a bundlg@m@vious registrations. Consequently,
more consumers have already been confronted vathiridddemark, resulting in a higher
familiarity and higher potential awareness. Thuadeémarks with more seniorities are
likely to be of higher value than trademarks widweér seniorities. Greenhalgh and
Rogers (2006a) have found a consistently highena@oic value for CTMs than for
national trademarks held by UK-based owners. Wétemts, a similar indicator is the
size of a patent family, which reflects the geobiegl coverage of a patented invention
(Putnam, 1996). Both seniorities and the size témgafamilies indicate the geographi-
cal scope of protectioh.However, since seniorities capture only earliedémark
rights, this value indicator is biased when applisdile applications directly with the
OHIM and do not register national trademark righits, which seniorities would be

claimed when they later apply for a CTM.

Oppositions have been shown to indicate the vafupatents (Harhoff and Reitzig,
2004; Harhoffet al, 2003a). Due to similar legal processes, the mateof oppositions
as indicators of value also applies to tradematksompany opposes another’s trade-
mark if it seeks to stop the potential IP rightnfrdeing granted. At the end of 2007,
125,313 oppositions were filed with the OHIM (OHINMQ07). With trademarks, the

° Note that the number of seniorities does not reamrrespond to the number of countries. The CTM

registration ofShel| for example, claims 306 seniorities, of whichréfer to the UK and 48 refer to
Portugal. This is because a seniority may be cldin only if the CTM application refers to identi-
cal previous rights but also if it merely contamsign which is already protected by an earliedera

mark right.
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legal ground on which a company lodges an opposdgainst a rival is the concept of
distinctiveness (European Council, 1993, Art. 8).trAdemark is registrable only if
consumers can distinguish it from other existiraglémarks (European Council, 1993,
Art. 4, and Art. 7; Landes and Posner, 1987). Phisciple ensures that new trademark
applications are neither identical nor too simtarearlier trademark rights (Besen and
Raskind, 1991). The yardstick to determine the elegf distinctiveness is the likeli-
hood of consumers’ confusion (Phillips, 2003). Aclingly, the proprietor of a regis-
tered trademark has the ability to oppose anothdemark if he thinks that consumers
might be confused by it (European Council, 1993, A2)° If successfully opposed,
this attacked trademark application is rejectedo@3ftions involve several categories of
costs. Time and money must be spent to monitor etitops, perceive potential threats,
and prepare and file oppositions. Furthermore,ati@cked party can raise the oppo-
nent’s costs, if it requests a proof of use, whickuld require the opponent to present
adequate evidence that the earlier trademark wigltindeed used in the course of trade
(European Council, 1993, Art. 43). Despite thessts;othe opponent usually files an
opposition if he expects substantial damages filognetventually registered application
(von Graevenitz, 2007). Such damages involve thenpally unfair appropriation of a
trademark’s value or the possibility of competitotgaining new trademarks for brand-
ing and market entry. Oppositions allow a companyprbtect its assets and neutralize
or reduce the anticipated damage. More valuabletnarks will be protected more
vigorously. Filing oppositions might also enableanpany to weaken rivals’ branding
aspirations or delay them. The value of a tradenparifolio brought to bear against
rivals might even increase if a company is abléudd a reputation for toughness,
influencing both behavior in and outcomes of futapposition cases (von Graevenitz,
2007). Thus, it is hypothesized that a companyigosyiion filing activity will reflect

the value of the underlying trademarks.

In addition to oppositions lodged against othdrs, iumber of oppositions received by
rivals also reflects a trademark’s potential valDace again, the opposition activities of
rivals seek to stall trademark applications, whatct potentially dangerous. The attack
against a trademark application can be viewed astreng endorsement or an
acknowledgment of a trademark’s value (PhillipsQ20 Those assets of potentially

high value lead rivals to oppose them. Hence, #xgected thatceteris paribusthe

1% An opposition can be lodged within three montbkofving the publication of a CTM application
(European Council, 1993, Art. 42).
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lead rivals to oppose them. Hence, it is expediat] ¢eteris paribusthe more opposi-

tions a trademark attracts, the higher its potensiue.

2.4 Accounting for Trademark Value in the Market Value Equation

Having already presented indicators of tradematidevand discussed how trademarks
enter the market value equation, | now describeatiy@oach used to account for the
dispersion of trademark value in the market valyigation. The method used to include
the measures of trademarks’ values in the markeatexn is similar to that employed
by Hall et al. (2005), who use citations as an indicator of gatatue and assume that
patents will induce citations at a certain rateisTtate reflects the average value of
patents and is embodied in the market expectatlmris;itations carry additional infor-
mational value if the rate at which patents turto iaitations is above average or rises
unexpectedly. This idea can be transferred to tnagles. Trademarks will invoke
oppositions by rivals at a certain rate. The madk&tumes that a given number of
trademarks will, following an average expectatimauce a certain number of opposi-
tions. Trademarks of higher values will attract emoppositions; thus, the rate at which
these trademarks turn into received oppositionsheihigher. Trademark portfolios can
be characterized by this rate, which is termed epipn intensity.

Similar to the number of oppositions received wals, the other three value indicators
can be applied in analogous ways. With a given rarmobtrademarks, a company files
oppositions against others at a certain rate. Tadsgher rate of oppositions received
can, ceteris paribus be explained by more valuable assets. Intensitiag aiso be
calculated for seniorities and the breadth of taaids. Accordingly, the trademark
portfolio is, for each value indicatgy characterized by the ratio of the indicator stock
W, to the trademark stock]. Based on Equation 4, these intensities are iocated in
the market value equation as shown by Equation 5:

Iog% =logq, + (0 -1)log A, + Ulog(1+ Vi % Y '\ﬁ:

t

NG
: Mit .
2.5 Estimation Method

Comparable to Halkkt al. (2007), the data obtained in this study have tmmét of an

unbalanced panel. | follow the practice of not colfihg for unobserved firm-specific
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components for two reasons. First, the objectivinisfstudy is to analyze the economic
value of trademarks and knowledge asset®ssa wide range of different companies,
leading to a pooled regression framework. Secohgsipal assets, knowledge assets
and trademarks adjust rather slowly from year taryéncluding firm-specific fixed
effects would lead to a rather low degree of vargaim the data. The period of observa-
tion applied here is too short to observe majoingea in assets within companies, but,
to account for time-dependent overall effects maficial markets, a full set of year
dummies was included following other studies (Blelh@t al, 1999; Griliches, 1981).
Furthermore, full sets of country and industry duesrcapture regional and industry-

specific variations in valuations (Hagt al, 2007).

To estimate the market value equation, NLLS regoastechniques will be employed
(Hall et al, 2005; Hallet al, 2007). Early research in this area has approedat
log(1+x) by x, allowing an estimation using ordinary least squ&sS) (Cockburn and
Griliches, 1988; Griliches, 1981; Jaffe, 1986). sTlapproximation, however, is not
accurate ifx is large. As Halkt al. (2007) note, this approximation becomes inappropri
ate with an increasing ratio of knowledge assetphigsical assets. They suggest that
NLLS is the appropriate estimation method in tlasecbecause it allows for the estima-
tion of non-linear functions as it is the case wilth market value equation. Due to the
non-linear functional form, however, interpretatiohthe coefficients is not straight-
forward for those embedded in non-linear terms. eédwer, the regressors carry various
units (Euros, patents, trademarks). To facilitateparisons and to ease the interpreta-
tion of these coefficients, | compute the elasasitfor each of the key regressors with

respect to Tobin’g, accounting for non-linearity.

3 Data Sources, Operationalization and Descriptive &tistics

The model developed in the previous section isreggd with a comprehensive dataset
that includes accounting, financial market, tradémand patent data. Trademarks and
patents were consolidated at the corporate leveutl firm-level IP portfolios. This
section describes the various data sources andheywere connected (Secti8rl). It
also discusses the variables that enter the erapmodel (Sectior8.2) and presents

descriptive statistics (Secti@3).
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3.1 Data Source and Sample

Data from three different sources were used. Actiogrand financial market data were
obtained from the Compustat databHseTrademark data were provided by
von Graevenitz (2007), who obtained the source fitem the OHIM’s CTM register.
For patent data, the worldwide patent database FATSwvas used? Patent citation

data were taken from the Patent Citation Proje@iefmar Harhoff.

Since estimating the market value equation reqlinesviedge of the market values of
companies, only publicly traded companies coulcctwesidered. The Reuters and the
Compustat databases were used to identify the isolddgest stock exchange-listed
companies as measured by total reveritiestarted with all publicly traded companies
having revenues of at least 400 million Euros iairthast financial statement. This
selection criterion yielded a total of 4,085 companBased upon the goal of providing
representative evidence for large players listedt@tk exchanges, no restrictions re-
garding the industrial sector were imposed. Congiystovided accounting and finan-
cial market data from 1990 to 2006. More specifjcatompanies’ total assets, total
debt, R&D expenditures, and market capitalizatibrine end of each year were ob-
tained. The Compustat data was manually checkedeweeral companies. It was con-
firmed that these data correspond to the publisvedial reports, and historical cur-
rency rates were used to produce consistent EltevaThese values have been de-
flated to real 2000 prices using Ameco, an annuatroreconomic database provided

by the European Commissich.

CTMs were extracted from the OHIM database and fiean Patents from PATSTAT
in order to build firm-level IP portfolios. This tibase was recorded at the end of 2004.
Naturally, not all CTM applications filed until thaate have already been fully proc-

essed. As the share of applications still being@seed increases with later cohorts, the

1 More specifically, | used the GlobalVantage datah which is the license covering internationah da

within the Compustat database provided by StanédPdor’s.

The version of October 2007 was employed. The ER@Idwide Patent Statistical Database (PAT-
STAT) is available under license from the OECD-EP&3k Force on Patent Statistics.

As a financial database, Reuters was used tolelahieck the set of publicly traded companies and
the accuracy of company names. The names of coepang required to connect trademark and pat-
ent data with accounting and financial data afitine-level (see appendix).

12

13

14 Website: http://ec.europa.eu/economy_financefuticators/db_indicators8646_en.htm (accessed on

February 13, 2008).
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number of registered CTMs, in particular for theD20and 2004 cohorts, drastically
decreases. Since this study focuses on granteghi,rthe trademark data were trun-
cated so that only those CTMs were used that wiegkdefore the end of 2002.

For the years 1996 through 2002, patents and tradksmwere consolidated on the
corporate level® The process of matching applicants to corporatiéiesis outlined in
the appendix. For 2,021 companies, neither CTMs Bamopean Patents could be
assigned. Trademarks or patents were matched 64 2d@mpanies, representing 11,258
annual observations. Since the main interest af $hudy is the economic valuation of
trademarks, those companies showing no trademadikitponvere excluded, leaving
1,297 companies with 8,144 observations. Obsenmvatontaining missing values were
also excluded® This trimming reduced the data to 1,232 compafife881 observa-
tions). Finally, observations with extreme outlievere excluded’ The final dataset
consisted of 6,757 observations for 1,216 publichgded firms. It is important to note
that a substantial share of observations with Z8rbls remained in the data since some
companies applied for CTMs in the later part of dhservation period (i.e., not during

the first year)'®

3.2 Variables

This section presents the variables that enteethgirical model. First, Tobin’'g, as
the dependent variable, is described. Next, thepabation of knowledge assets and
trademark stocks is explained.

3.2.1 Tobin's q

The dependent variable that enters into the engbinmdel is the natural logarithm of
Tobin’s g, defined as the ratio of a company’s market val(yep the book value of its

> Recall that the OHIM commenced its operation4986 so that no CTMs could be filed previous to
that year.

® The dependent variable Tobimjscould not be computed for 1,063 observations tean least one

of its components was missing (total assets, tigtht or market capitalization).

7 Like OLS, NLLS also shows strong sensitivity tatlers. As a rule for identifying outliers, thetls

and 99th percentiles were computed for the follgnihree measures: Tobin’s g, trademark stock /
assets, and R&D stock / assets. Observations wedeted if one of the variables was outside the
boundaries given by its percentiles. 324 obsermatigere affected.

18 1,065 observations (171 companies) started QM applications not in the first year of observa

tion but later in the period 1996 through 2002. Sehebservations were not dropped to include the ful
course of those companies eventually registeringl€iater in the observation period.
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assetsA (Greenhalgh and Rogers, 2006a; Hall and Oriari628iall et al, 2007). The
book value of the assets represents the total wafluessets reported on the balance
sheet?®

The market value of a company is defined as the suthe market capitalization and
the market value of its debt. The former is cal@daas the stock price multiplied by the
number of outstanding shares at the end of eaat’/&egarding the latter, difficulties
arise from observing the market value of a firmébd As Hall and Oriani (2006) point
out, corporate finance scholars have developedistigated approaches to compute
accurate measures for Tobirgs for example, by relying on price multipliers dmaw
from the corporate bond market (Perfect and Wil€94). However, greater precision
can be gained only at the expense of a reductiample size (DaDakt al, 2003).
Thus, | followed other studies that have dealt wiils issue (Blundelkt al, 1992;
Blundell et al, 1999) and calculated the total market value ebmpany “by simply
adding the nominal value of outstanding debt to tfeket capitalization” (Hall and
Oriani, 2006, p. 982). As outstanding debt, the sidrotal long term debt and debt in

current liabilities was used.

3.2.2 Knowledge Assets

Knowledge assets cannot be directly obtained froooanting data or other sources.
Thus, to operationalize knowledge assets, two piisigis exist: investments in R&D
and patent data.

Investments in R&D are normally not capitalizedtle balance sheets of companies
(Ross, 1983). Instead, annual R&D expendituresnarenally recorded in annual in-
come statements as expenses when they occur. Taxappte knowledge assets, R&D
expenditures have to be capitalized. The histolR&D expenditures of each firm was
used to compute R&D stocks. Precisely, a so-calledining balance formula with a

constant depreciation raté, is regularly employed, relying on present and [pa&D

% The corresponding Compustat itenAiE

% The Compustat itelMKVAL is the product of the number of outstanding sh4&8HQ and the
closing price of each perio®RCCM).

L The corresponding Compustat itenDi§. Then, in terms of Compustat items, the Tobipis com-

puted asNMIKVAL + DT)/AT, which is equal toRRCCMCSHO+ DT)/AT.
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flows?? (e.g., Hall and Oriani, 2006; Hadit al, 2005; Hallet al, 2007)*® Following
other work, a usual depreciation rate of 15% wasdue reflect obsolescence of in-
vestments in R&D (Hall, 2007):

RDtStOCk = RDtﬂOW + (1 _ 5) R[)ts_tjt?ck' (6)

To compute the starting R&D stock at the first &algle observation year of R&D
spending, Equation 7 was used with a constant aft&B growth rate,g, of 8% (Hall
and Oriani, 2006; Halet al, 2007). This assumes that R&D expenditures haen be

growing at a constant annual rate prior to the neskhistory:

RDS* = JTlg RD,". (7)
The availability of R&D expenditures raised theldaling issue. Disclosure of annual
R&D expenditures is not compulsory in all countrigfall and Oriani, 2006). Thus,
companies may choose to disclose their R&D sperdit@pportunistic behavior by
companies renders the decision to report this mébion endogenous (Toivanen al,
2002). The consequence might be a potential safreample selection bias (Belcher,
1996). In addition, for a group of companies, onlerrupted histories of annual R&D
spending could be established. As described alibeecomputation of R&D stocks
requires full and uninterrupted histories of R&vils. Those companies that show
fragmentary R&D histories or no R&D spending atwvadire, as in earlier studies (e.qg.,
Hall et al, 2007), treated with a dummy variable. This appinoa further substantiated
by Hall and Oriani (2006), who found that no sanmgsection bias was induced by the
choice of firms to not disclose their R&D expendist As will be revealed later, this

dummy shows no significance when estimating theketaralue equation.

Knowledge assets can also be operationalized npatocks, which were calculated

in the same way as R&D stocks:

22 R&D flows equal R&D expenditures. They are drawem companies’ annual income statements and

captured by the Compustat itefRD.

2 For details regarding the declining balance fdensee Hall (1990).

4 Naturally, the absence of R&D data might alsalbe to the fact that many business models might not

require any R&D at all. A separation of these conigs from those having chosen not to publish
R&D expenditures was not possible.
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Ptstock - Ptflow + (1_5)P:§-ock. (8)

Once again, a depreciation rate of 15% was useel.ahhual influx of patents to firm-
level patent portfolios was determined accordinghfiling year of each patent’s first
priority application?® It was not necessary to compute initial stocksesithe first year
used in the regressions was 1996 and the pateatbdgfan in 1978, when the EPO
commenced its patent examination operations. Dteetaleclining balance formula, the

effects of approximated initial stocks are negligigHall et al, 2007).

The distribution of patent value is highly skewéth(hoff et al, 1999; Harhoffet al,
2003b). Pure patent counts are less informativepemed to measures that account for
patent quality (Trajtenberg, 1990). Indicators,isas forward citations, patent opposi-
tions, and the size of patent families, reflectfedtdnt dimensions of patent value
(Harhoff et al, 2003a; Harhoff and Reitzig, 2004; Putham, 199&jt€nberg, 1990).
Although various indicators reflect the value oftguds, this study uses citations to
approximate the patent value. This builds uponipte/research that connected patent
citations to the market value of firms (Bloom arah\Reenen, 2002; Hadt al, 2005;
Hall et al, 2007). After the publication of its search reparpatent may be referenced
by subsequent patent documents. These referendlested by a patent are called
forward citations. In this study, citations of atgra were considered if they arrived
within a three-year period after the search repag been published. Within this win-
dow, patents receive a substantial share of tlfetinhe citations (Marco, 2007). To
compute value-adjusted patent stocks, each patéim¢ @annual patent flow that enters a
company’s patent portfolio is weighted with the roen of its forward citations. The

resulting citation stock is computed according to:

Ctstock - thlow + (l_ 5)Cts_tjc-)ck. (9)

% The earliest priority application is the firsté a patent application of the underlying invention
appears in world-wide patent registers. It mighpgen that an invention is first patented in the US
and later passed on to the EPO to gain proteatioBdropean countries. Here, the priority applaati
is the filing in the US, while the European fililga ‘derived’ one. Together, those patents refgrtd
the same priority application make up a bundle atepts, also called a patent family. The priority
filing date of an application has been used for temsons. First, this date is the earliest recoddee
of a patented invention and, hence, closest tal#tte of invention. Second, this date is robustpo a
plicants’ strategies of delaying subsequent apiitina in other countries since it refers to thdiestr
date when the patented invention took root in @weim register.
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3.2.3 Trademark Stocks

Once again, to compute trademark stocks, the deglialance formula is applied (for
details, see Hall, 1990). The annual inflows conaamly registered CTMs. To collect
the trademarks of a specific year, the filing datéshe trademark applications were
used. Although the calculation of trademark stocksembles the computation of
knowledge stocks, a major difference remains. ugthnological progress, knowl-
edge assets are prone to erode as time passesovdQrpatents are granted only for a
limited duration. This is addressed through a pasidlepreciation rate (Hall, 2007). By
contrast, trademark rights are not inherently sutbje obsolescence. Trademarks,
treated as assets, are even likely to become siogdg valuable as time passes. They
are, in principle, granted for an infinite periaadagprovide infinite protection if renewal
fees are paid regularly. Moreover, by investingrademarks, companies can cultivate
their trademark portfolio and enhance their valgetime passes. Therefore, a zero

depreciation rate for trademark stocks is assumnesd)ting in:

M tstock = M tflow + M ts_tﬁck. (10)

The full history of CTM applications can be obsetveecause the first year of the
observation period, 1996, coincides with the comrearent of OHIM’s operations.

Consequently, initial CTM stocks do not have tcaperoximated. Moreover, a bulk of
CTM applications occurred in 1996 since compandagykt to gain protection for their
already existing trademarks. In fact, the sharapglications claiming seniorities was
29.9% in 1996, followed by an immediate decreasthenfollowing years (13.3% in

1997 and 5.5% in 2000). Accordingly, 1996 provides adequate initial stock for

trademarks.

Citation stocks were presented as value-adjustahpstocks. With trademarks, whose
value is also not uniformly distributed (see Bagthal, 1998 concerning brand values),
corresponding stocks for their value indicatdé,can be computed by applying Equa-
tion 9. The resulting variables are the stocks afeNclasses, seniorities, oppositions

brought, and oppositions received.

3.2.4 Control Variables

Control variables include year, country, and induslummies to account for overall
valuation effects. Regarding industries, firms h&een categorized into 30 different
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classes using Standard Industrial Classificatiol€)®odes. More specifically, firms
were initially classified according to their oneggilevel using SIC codes. This resulted
in ten classes (e.qg., ‘construction’, ‘finance urance, and real estate’, ‘manufacturing’,
‘services’, ‘transportation, communications, andrastructure’). The manufacturing
class alone held two thirds of all companies an tvas further expanded to the two-
digit level, bringing more detail into the categation (e.g., ‘chemicals’, ‘electronics
and components’, ‘machinery and computer equipmemthereafter, 30 industries
resulted with each industry sector holding less tlyaproximately 10% of all firms (see
Table 4 in Sectior8.3). This approach was taken to achieve a trafibativeen a rea-
sonable number of classes and the breadth of famseng from the absence of any
selection criteria that could have been imposethduastry membership.

3.3 Descriptive Statistics

Table 2 sets out descriptive statistics for thés®,8bservations of the final dataset. If
only the most recently available observation focheaompany was used, Table 3 re-
ports descriptive statistics for the 1,216 compsniethe sample. Major differences
between both tables only appear with the stockabées of trademark measures. This is
due to the method employed to compute them. Faepteng descriptive statistics here,
| refer to Table 2 as this table is based on theepiations later used in the market value

regressions.

The dependent variable for the market value egonafiobin’sq, reflects large differ-
ences in firm performance. The mean value is 1.43,the market values of companies
exceed the book values. Yet, this is not true loolzservations since a substantial share
exhibits values below one. The components of Tahip'market capitalization, total
debt, and total assets show a large varidh@dmost half of the observations have a
market capitalization of more than 2 billion Eurdmfortunately, R&D expenditures
could not be obtained for all observations. Thaef@a dummy was introduced that
takes the value one if no R&D data are availablds Tvas the case for 40.9% of all

observationd! The average ratio of R&D stock to assets is 0.T86®% same practice

%6 The maximum value of assets belong&tmeral Electric

2" Descriptive statistics for both R&D stock and R&ck / assets were computed conditional on R&D
availability.
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Table 2: Descriptive Statistics

Variable Mean SD Median Min. Max.
Valuation, physical assets, knowledge assets
Tobin'sq 1.429 1.172 1.024 0.244 8.435
Market capitalization (million Euros) 9,205.9 25,421.8 2,060.4 0.270 514,443.8
Debt (million Euros) 3,403.1 13,179.0 619.8 0.002 255,373.1
Assets (million Euros) 10,490.9 30,838.6 2,524.8 29.222 542,831.0
No R&D (dummy) 0.409 0.0 0.0 1.0
R&D stock (million Eurosf 1,647.4 3960.2 320.4 0.131 40,964.9
R&D stock / assets 0.169 0.141 0.128 0.0 0.677
No patents (dummy) 0.213 0.0 0.0 1.0
Patent stock 149.191  386.907 27.138 0.064 5,431.082
Patent stock / asséts 0.025 0.053 0.010 0.0 1.481
Citation stoclé 134.181 350.074 20.114 0.0 3,500.318
Citation stock / assefs 0.019 0.043 0.005 0.0 1.062
CTMs
CTM stock (= registered applications) 14.751 38.052 5.000 0.000 651.000
CTM stock / assets 0.004 0.007 0.002 0.000 0.048
CTM application stock 17.628 45.521 6.000 0.000 865.000
Share of failed applications 0.096 0.162 0.000 0.000 1.000
Nice classes
Nice class stock 37.875 118.475 11.000 0.000 3,559.000
Nice class stock / CTM stock 2.331 2.291 2.000 0.000 38.000
Seniorities
Seniority stock 23.549 111.190 0.000 0.000 2147.000
Seniority stock / CTM stock 1.194 3.043 0.000 0.000 74.000
Oppositions brought
Opposition brought stock 1.408 12.177 0.000 0.000 485.000
Opposition brought stock / CTM stock 0.039 0.213 0.000 0.000 6.133
Oppositions received
Opposition received stock 3.961 12.251 1.000 0.000 319.000
Opposition received stock / CTM stock 0.250 0.501 0.091 0.000 10.000
Countries
us 0.366 0.000 0.000 1.000
Japan 0.226 0.000 0.000 1.000
UK 0.073 0.000 0.000 1.000
Germany 0.052 0.000 0.000 1.000
France 0.046 0.000 0.000 1.000
Italy 0.020 0.000 0.000 1.000
Canada 0.016 0.000 0.000 1.000
Korea 0.013 0.000 0.000 1.000
Switzerland 0.023 0.000 0.000 1.000
Sweden 0.023 0.000 0.000 1.000
Other countries 0.142 0.000 0.000 1.000
Years
1996 0.126 0.000 0.000 1.000
1997 0.136 0.000 0.000 1.000
1998 0.143 0.000 0.000 1.000
1999 0.150 0.000 0.000 1.000
2000 0.159 0.000 0.000 1.000
2001 0.154 0.000 0.000 1.000
2002 0.133 0.000 0.000 1.000

Note:N = 6,757 observations. SD = Standard deviatidfMG Community trademark.
! Indexed on real 2000 prices using the Ameco databeovided by the European Commission.
2 Companies never performing R&D or possessing pateespectively, have been excluded. R&D is abisldor 3,991 and patents for

5,318 observations.
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Table 3: Descriptive Statistics of Each Company’s &st Observation

Variable Mean SD Median Min. Max.
Valuation, physical assets, knowledge assets
Tobin'sq 1.200 0.967 0.885 0.244 8.377
Market capitalization (million Euros) 7,311.0 19,189.1 1,696.9 6.828 220,134.7
Debt (million Euros) 3,716.8 15,277.2 566.2 0.002 253,359.1
Assets (million Euros) 11,224.2 35,1715 2,439.7 55.123 521,616.5
No R&D (dummy) 0.395 0.000 0.000 1.000
R&D stock (million Eurosf 1,808.3 4,299.8 346.2 0.591 40,677.6
R&D stock / assets 0.194 0.162 0.150 0.001 0.671
No patents (dummy) 0.243 0.000 0.000 1.000
Patent stock 121.893  329.269 21.803 0.064 5058.631
Patent stock / assets 0.019 0.056 0.005 0.000 1.481
Citation stock 106.437  286.860 15.453 0.000 2864.227
Citation stock / assefs 0.013 0.041 0.000 0.000 1.062
CTMs
CTM stock (= registered applications) 22.486 49.946 8.000 0.000 651.000
CTM stock / assets 0.007 0.009 0.003 0.000 0.048
CTM application stock 27.679 61.420 10.000 0.000 865.000
Share of failed applications 0.116 0.151 0.067 0.000 0.875
Nice classes
Nice class stock 56.036 151.061 20.000 0.000 3559.000
Nice class stock / CTM stock 2.688 1.993 2.250 0.000 29.000
Seniorities
Seniority stock 23.333 106.510 0.000 0.000 2147.000
Seniority stock / CTM stock 0.797 2.139 0.000 0.000 41.000
Oppositions brought
Opposition brought stock 2.179 16.781 0.000 0.000 485.000
Opposition brought stock / CTM stock 0.035 0.173 0.000 0.000 5.052
Oppositions received
Opposition received stock 6.188 16.398 2.000 0.000 319.000
Opposition received stock / CTM stock 0.318 0.576 0.179 0.000 8.000
Countries
us 0.369 0.000 0.000 1.000
Japan 0.198 0.000 0.000 1.000
UK 0.076 0.000 0.000 1.000
Germany 0.050 0.000 0.000 1.000
France 0.045 0.000 0.000 1.000
Italy 0.023 0.000 0.000 1.000
Canada 0.017 0.000 0.000 1.000
Korea 0.014 0.000 0.000 1.000
Switzerland 0.021 0.000 0.000 1.000
Sweden 0.024 0.000 0.000 1.000
Other countries 0.161 0.000 0.000 1.000

Note:N = 1,216 companies. For each company, the latestrvation has been used in this table (87.6%esft observations regard the
years 2001 and 2002). SD = Standard deviation. GTGdmmunity trademark.
Indexed on real 2000 prices using the Ameco datapesvided by the European Commission.
2 Companies never performing R&D or possessing patespectively, have been excluded. R&D is abiléor 736 companies and

patents for 921 companies.
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was applied for patents and citations. For less thajuarter of all observations, no
European Patents from the PATSTAT database couldssegned. Note that R&D,
patent, and citation stocks were computed with dbelining balance formula. The

maximum patent stock with 5,431 patents, for examngbrresponds to 17,000 patefits.

Table 2 shows considerable heterogeneity regattiegrademark activities of compa-
nies. Both applications and registrations are rgplpishowing that the average portfolio
consists of 14.8 registered CTMs, for which 17.6MC@pplications have been filed.
The average share of failed applications is 9.686.tlke description of value indicators,
| distinguish between the intensif/M, and the stock of each measufé,Both indi-
cators apply to trademark portfolios at the firnade but the former can be interpreted
as a relative measure regardless of portfolio sizele the latter depicts the accumu-
lated measure in absolute terms. All value indicsahow a large variation. The maxi-
mum values of these measures indicate that som@aimtas heavily engage in CTM
activity. This contrasts with other companies, Wrich only parsimonious trademark
activity was observed. In the average portfoligchemademark covers 2.3 Nice classes
(intensity). Compared to other indicators of tradeknvalue, the breadth is less dis-
persed. The stock of Nice classes (the accumutaeds and service classes covered
by an average portfolio) has a mean of 37.9. Sgi@®measure the extent to which a
trademark is established at the time of applicafitimg. On average, 23.6 seniorities
have been claimed. The seniority intensity occtira @alue of 1.2 seniorities for each
trademark in the portfolio indicating that, on age, a CTM claims more than one
earlier trademark. The opposition-based metricswsho imbalance between those
brought and those received. The reason for thikas lodged oppositions can be ob-
served only when the target company itself ownsTMCBY contrast, oppositions
received include those attacks originating frondéraark owners outside the CTM
applicant list. On average, 1.4 oppositions areipit, and 4 oppositions are received.
Interestingly, the maximum values of these varistdaow that some companies are
engaged in intense battles. Each CTM of the avepagiolio brings on average 0.04
oppositions against rivals. The intensity of opposes received, however, reveals that

%8 This patent portfolio belongs iemens.
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each CTM attracts 0.25 attacks from rivals. A corgoa of the intensities of all value

indicators points to a large dispersion of seriesifind opposition-based metrics.

Although the companies in the sample were requodze publicly traded, all trademark
measures are consistent when compared with apfdigathe full OHIM dataset. Table
2 also reveals that US-based companies accourthdolargest share of observations,
followed by Japan and the UK. This is in line wgghblications of the OHIM (OHIM,
2004). The ranking of applicants’ domiciles is,gninciple, consistent with the order
shown in the full OHIM dataset. US- and Japan-baseggorations, however, are with-
out doubt less prevalent in the OHIM dataset. Tinvergence may originate from two
causes. First, only publicly traded companies veamapled. In Europe, companies are
less likely to be listed at stock exchanges (Hat ®riani, 2006). Second, trademark
activities of small and medium-sized enterprisegltto be home-biased. When only

larger companies are considered, the share of Earofrms decreases.

Since no selection criteria regarding industrieseniemposed, the sample comprises a
wide breadth of industries. Table 4 demonstratesindustry differences for selected
company and trademark variables. | confined thislymms to 14 industries and sub-
sumed all other industries into one miscellaneausig Most observations are avail-
able for ‘chemicals’ followed by ‘machinery and cpater equipment’, ‘electronics and
components’, and ‘services’. Tobingsshows strong differences across industries. The
highest values occur with ‘services’ and ‘biotediogy and pharmaceuticals’. Industry
dummies included in the market value equation agcdor these differences. The
trademark activity across industries also showgeldreterogeneity. This may be due to
two factors. First, industries producing consumaods are more engaged in trademark
activities compared with producers of intermedigp@ds. For example, trademarks in
‘food and kindred products’ carry more senioritibsn others, and the volumes of
oppositions brought and received are above aveaageell. ‘biotechnology and phar-
maceuticals’ show a vigorous trademark activity,icwhhas also been noticed by
Malmberg (2005). This industry also shows rathghlopposition metrics. By contrast,
opposition activity is very low for ‘primary metahdustries’. Second, ‘services’ or

%9 Recall that oppositions are outcomes of curriainy, in contrast to seniorities, which are outws
of companies’ past trademark activities.
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Table 4: Industry Characteristics

@ total Per registered CTM

assets (/] % Oppositions

(million (%] trade- failed Nice  Senior- Re-
Industry Obs. In% Firms Euros)' Tobin'sq marks appln. classes ities Brought ceived
Chemicals 688 10.2% 109 4,870 1.258 22.3 0.078 1.996 1577 0.085 0.217
Machinery and computer equipment 659 9.8% 114 5,857 1.283 125 0.093 2456 1.279 0.029 0.195
Electronics and components 659 9.8% 120 7,548 1.665 14.4 0.104 2.011 1.660 0.027 0.195
Services 557 8.2% 121 5,890 2.033 9.6 0.133 2518 0.714 0.020 0.279
Transportation, communications, and infrastructure 534 7.9% 108 20,973 1.225 12.7 0.117 3.130 0.464 0.030 0.331
Transportation equipment 488 7.2% 79 21,145 0.916 215 0.072  2.919 1.106 0.025 0.209
Food and kindred products 393 58% 66 6,383 1.513 16.4 0.105 2.051 1.732 0.094 0.305
Instruments for measuring, analyzing, and contrglli 345 5.1% 67 5,195 1.663 16.4 0.101 3.201 0.843 0.024 0.223
Retail trade 345 51% 59 4,104 1.834 10.4 0.091 1.690 1.075 0.025 0.446
Biotechnology and pharmaceuticals 275 4.1% 47 9,831 3.046 35.6 0.105 1.476 0.941 0.107 0.392
Wholesale trade 215 3.2% 46 7,386 1.003 5.0 0.103 2.785 1.373 0.022 0.262
Primary metal industries 161 2.4% 25 5,330 0.952 9.4 0.080 2551 1.706 0.008 0.139
Paper and allied products 149 22% 24 6,177 1.173 13.0 0.099 1462 1.110 0.010 0.149
Finance, insurance, and real estate 119 1.8% 27 83,328 0.945 6.0 0.164 1.636 0.330 0.029 0.214
Other industries 1,169 17.3% 204 10,400 1.127 11.2 0.074 2237 1274 0.031 0.226

Note:N = 6,757 observations. CTM = Community trademark.

* Indexed on real 2000 prices using the Ameco databeovided by the European Commission.
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Table 5: Correlation Matrix

Variables 1. 2. 3. 4. 5. 6. 7. 8. 9.
1. Tobin'sq
2. Assets -0.066™
3. R&D stock / assefs 0.275" -0.034
4. Patent stock / asséts 0.021  -0.078" 0.186"
5. CTM stock 0.106™ 0. 291*** 0.1407 0.029
6. CTM stock / assets 0.128™ -0.142" 0.140" 0.123" 0.186"
7. Nice class stock / CTM stock -0.046™ 0.0627 -0.036 -0.013 0.048" 0.029
8. Seniority stock / CTM stock 0.002 0.014  -0.023 0.025 0.051 -0.032" 0.002™
9. Opposition brought stock / CTM stock 0.037"  0.056" 0.03§  0.031  0.102" 0.055" 0.037" 0.056"

10. Opposition received stock / CTM stock 0.047™ 0.023 0.019 -0.030 0.014 0.227° 0.047" 0.023 0.018"

Note:N = 6,757 observations. Pearson correlation cdeffts withsignificance levels: 0.01 <p < 0.05;” 0.001 <p< 0.01;™ p< 0.001. CTM = Community trademark.
1 When computing correlation coefficients basedrase variables, companies never performing R&Dossgssing patents, respectively, were excluded. R&Dailable for 3,991
observations and patents for 5,318 observations.

Table 6: Variance Inflation Factors

Variable VIF 1/VIF
CTM stock 1.29 0,77
Assets 1.26 0,79
Opposition received stock / CTM stock  1.14 0,88
CTM stock / assets 1.14 0,88
Nice class stock / CTM stock 1.13 0,89
Share of failed CTM applications 1.08 0,92
R&D stock / assets 1.08 0,92
Seniority stock / CTM stock 1.07 0,93
Patent stock / assets 1.05 0,95
Opposition brought stock / CTM stock 1.03 0,97

Note:N = 3,696 of 6,757 observations for which all aétes, in particular R&D stocks
and patent stocks, were available. CTM = Commumitgemark. VIF = variance
inflation factors.
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service-related industries tend to have differeattgons. ‘Transportation, communica-
tions, and infrastructure’ as well as ‘finance,urace, and real estate’ have high
application failure rates and few seniorities. Thadtern is reversed for ‘chemicals’.
These phenomena might not be solely due to serelatedness, but they might also be
rooted in the maturity of industries and their assted experiences with trademark

systems. An investigation of these patterns iswgeresting topic for further research.

The correlations (i.e., Pearson correlation coffits) among the key variables were
computed (see Table 5). Correlation coefficienthigh magnitude were not observed.
To evaluate potential multicollinearity, the vamaninflation factors were calculated.
Table 6 demonstrates that the maximum variancatiafi factor value is 1.29, so that
the critical value of ten is not met by far (Kenped992). Multicollinearity is not an

issue for the data presented here.

4 Estimation and Discussion of Results

In this section, the market value equation is estidth based on the specifications devel-

oped above. Throughout this section, the modetupm the regression equation

log2- =logg, +(o~log A +alog(1+yKﬁ+yM Mg —] (12)
A At =1 Mit

t t

with

Gi = eXF(pZit +0,dy, +0,dy, +05dy +9, +&, ) 30 (12)

Basically, the model specifications differ in thremys: (i) the operationalization of
knowledge asset&; (ii) the inclusion of trademark stocKel; and (iii) the inclusion of
indicators reflecting trademark valu&/M. This section proceeds in three steps. Step 1
compares (i) and (i) and reports ‘horse race’ esgiond' to show the explanatory
power of knowledge assets or trademarks. To dq thes estimated models include
either knowledge assets trademark stocks. The model specifications of Repte-

grate (i) and (ii). Both knowledge assatsdtrademarks are jointly estimated. Addition-

%0 Note that the individual disturbance term (Ecumt2), u;, is represented by the constady, and the
error term&;.

1 This term was coined by Hat al. (2005).
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ally, indicators of trademark value (iii) are calesied. Step 3 provides comparative
statics using the estimation results of step 2. difenge in the market value of compa-

nies is shown in absolute terms due to shifts mvwkadge assets and trademarks.

In all regressions that follow, the dummy variableddresses those observations where
no knowledge assets were observed. When patentwaata chosen to operationalize
knowledge assets, this coefficient is significamgbsitive throughout the models, while
the coefficient for absent or non-reported R&D isiveents is generally not significant.
Both observations are in line with Hadl al. (2005). Recall that year, country, and
industry dummies are used to control for overalugtion effects (i.e., regressausg;,

d.ik, andds;, respectively). Each set of dummy variables istJgisignificant. All mod-

els are estimated using NLLS. The elasticitiesh&f key regressors are listed at the

bottom of each table.

Step 1 compares the explanatory power of knowledgpets with that of trademarks.
These ‘horse race’ regressions are reported ineT@abIModel MO (i.e., the baseline
model) does not include knowledge assets or traderst@cks. The coefficient of
log(assets) indicates diseconomies of scale. Snailapanies (in terms of total assets)
are of higher value. In Models M1 through M3, knedde assetds, are operationali-
zed by different measures. To permit comparisorthese specifications to those of
other studies, no trademark stocks were includedlddel M1,K is captured by R&D
stocks RD™Y. Model M2 uses unweighted patent stodR¥°¢Y, while Model M3 uses
citation-weighted patent stocks . Models M1 through M3 show similar results to
Hall et al. (2005). Regarding Model M1, the coefficient of tR&D intensity (i.e., the
ratio of the R&D stock to assets) is highly sigeafint (0.633p < 0.001) and shows that
capitalized R&D expenditures are positively relatedirms’ market value. This finding
confirms those of other studies that found simMalues (Hall, 1993a, 1993b; Hadt
al., 2007; Megna and Klock, 1993). Model M2 uses pastaocks to operationalize
knowledge assets. The coefficient of the patergnisity (i.e., the ration of the patent
stock to assets) is positive and significant (0,469 0.01). It will turn out in step 2 that
this coefficient becomes insignificant when tradekretocks are additionally included.
In Model M3, which uses citation-weighted patelwicks, the coefficient is significantly
positive (1.992,p<0.001). In Model M4, which includes trademarkcsis but not
knowledge assets, the coefficient of the tradenmadnsity (i.e., the ratio of the trade-

mark stock to assets) is positive and highly sigaift (14.829p < 0.001). The elastic-



-30 -

ity of this variable is higher than the elastigtief both weighted and unweighted patent
stocks, but of similar size to that of R&D stocK® analyze the explanatory power of
knowledge assets or trademark stodR3,is considered. Compared to the baseline
specification MO, this measure increases from 0.290.300 when R&D stocks are
included (Model M1). Unweighted patent stocks do add much explanatory power
sinceR? yields only 0.293. According to the evidence prded by Hallet al. (2005),
citation-weighted patent stocks add more value tnameighted patent stocks. TRe

of Model M3 is 0.298. When trademark stocks weduded (Model M4), thé? was
0.304, the highes$® value reported so far.

Table 7: ‘Horse Race’ Regressions of Knowledge Adseand Trademark Stocks

Variables Model Model Model Model Model
(dependent variable: Tobing MO M1 M2 M3 M4
KnOWledge assets - RDstock Pstock Cstock -
Trademark stock - - - - M Stock
log(assets) -0.01077  -0.0155 -0.0073 -0.0083 0.0118

(c-1) (0.0047) (0.0047) (0.0048) (0.0047) (0.0051)
R&D stock / assets 0.6334™
Ak (0.0900)
Patent stock / assets 0.4691"
Ak (0.1815)
Citation stock / assets 1.9923™
Ak (0.2805)
CTM stock / assets 14.8287"
Av (1.5238)
Control variables
No R&D -0.0055
P (0.0192)
No patents 0.0706™  0.0791™
(0.0197) (0.0196)
Year dummies Yes Yes Yes Yes Yes
Country dummies Yes Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes Yes
Constant 0.4304™ 0.3305~ 0.3875"  0.3702™  0.1491"
o) (0.0483) (0.0513) (0.0493) (0.0488) (0.0543)
Diagnostics
R2 0.291 0.300 0.293 0.298 0.304
Log likelihood -5,318.78 -5,275.06 -5,309.97 -5,282.70 -5,256.38
2[A\(Log likelinood) 87.43™ 17.62™ 72.16™  124.817
Compared model MO MO MO MO
Elasticities dlog(V/A)/dlogX
R&D stock / assets 0.0594™
Ak (0.0080)
Patent stock / assets 0.0090"
Ak (0.0034)
Citation stock / assets 0.0291™
Ak (0.0040)
CTM stock / assets 0.0586™
Am (0.0057)

Note:N = 6,757 observations. Estimation method: NLL8b&st standard errors in parentheses. Significkeveds:
" 0.01 <p<0.05;” 0.001 <p<0.01;"" p<0.001. Reference group for industry: ‘electrorios components’. Reference

country: US. Reference year: 2002.
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In step 2, the estimated specifications are baseMadels M1 through M3 of step 1,
but, in addition to knowledge assets, they alsduae trademark measures. Table 8
reports these estimations. For each measure of ledge assets, two models are pro-
vided: one including trademark stocks, and the rotheluding both trademark stocks
and their value indicators. Two main findings candrawn from the estimations re-
ported in Table 8. First, trademarks are econotyicalued, a finding robust to differ-
ent measures of knowledge assets. Similar to krdpel@assets, trademark measures add
further value when explaining Tobintg Second, seniorities and oppositions brought

reflect the dispersed value of trademarks.

Throughout all specifications of Table 8, the cméfhts for trademark stocks are
strongly significant and positive (13.878< 0.001 in Model M1a). This supports the
evidence provided in Greenhalgh and Rogers (20@@a), also find that, controlling

for firm size, larger trademark portfolios are asated with higher firm values. Inter-

preting the coefficient as the relative shadow eabd trademarks to physical assets
indicates that one CTM is equivalent to 13.9 milliBuros in assets. Despite varying
measures of knowledge assets, the great robustfiebss coefficient is notable. A

comparison of the joint inclusion of knowledge assnd trademark stocks in this step
with the ‘horse race’ regression of the previouspsshows that the coefficients for
knowledge assets decrease in size when trademagkssére introduced. Trademark
stocks thus carry information that is partly emlealdin knowledge assets. This can be
explained by companies’ efforts in new product de@weent, which span the processes
of research, development, and market introductiorowledge assets enable the crea-

tion of new products, and trademarks support thee.

Interestingly, unweighted patent stocks lose tka&nificance if trademark stocks are
added. To elaborate on this finding, the differem@asures of knowledge assets are
compared. Model M1a includes both R&D and tradensaokks. The coefficient of the
former is positive and highly significant (0.53#< 0.001 in Model M1a), as is that of
the latter. Here, one Euro spent on R&D is equiMale 0.53 Euros in physical assets.
In Model M2a, knowledge assets are representedabsnp stocks. The coefficient for
trademark stocks remains significantly positivet the unweighted patent stocks are
insignificant. This is interesting because the pattock was significantly positive in

Model M2, in which trademark stocks were omittedh@il citation stocks are used to
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Table 8: Market Value as a Function of Knowledge Asets and Trademark Stocks

Variables Model Model Model Model Model Model
(dependent variable: Tobintg Mla M1b M2a M2b M3a M3b

Kn0W|edge assets RDstock RDstock Pstock Pstock Cstock Cstock
Trademark StOCk M stock M stock M stock M stock M stock M stock
log(assets) 0.0053 0.0026 0.01467  0.0122 0.0125 0.0103

(o-1) (0.0051)  (0.0053)  (0.0051)  (0.0053)  (0.0051)  (0.0053)
R&D stock / assets 0.5337"  0.5409™

A« (0.0906)  (0.0910)
Patent stock / assets 0.2479 0.2303

Ak (0.1770)  (0.1748)

Citation stock / assets 1.6514™  1.5960™
Ak (0.2811)  (0.2798)
CTM stock / assets 13.8781" 13.2483™ 14.7066™ 14.1260™ 13.7485™ 13.2393™
A (1.5505)  (1.5432)  (1.5306)  (1.5197)  (1.5263)  (1.5174)
Nice class stock / TM stock -0.0059 -0.0066" -0.0063"
& (0.0032) (0.0031) (0.0031)
Seniority stock / TM stock 0.0083" 0.0077" 0.0078"
& (0.0028) (0.0026) (0.0027)
Opposition brought stock / TM stock 0.1218" 0.1219” 0.1123"
& (0.0484) (0.0465) (0.0473)

Opposition received stock / TM stock 0.0204 0.0175 0.0186
& (0.0151) (0.0146) (0.0147)
Control variables
No R&D -0.0175 -0.0149
) (0.0189)  (0.0189)
No patents 0.0680"  0.0697"  0.0759™  0.0773™
) (0.0195)  (0.0196)  (0.0195)  (0.0195)
Year dummies Yes Yes Yes Yes Yes Yes
Country dummies Yes Yes Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes Yes Yes
Constant 0.0979 0.1178" 0.1179° 0.1396" 0.1175 0.1368"
& (0.0563)  (0.0566)  (0.0549) (0.0552)  (0.0547)  (0.0550)
Diagnostics
R2 0.310 0.313 0.305 0.307 0.309 0.311
Log likelihood -5,224.13 -5,213.40 -5,249.78 -5,238.78 -5,230.64 -5,220.69
2iA(Log likelihood) 101.87" 123.33™  120.38™  142.37" 104.12™  124.03™
Compared model M1 M1 M2 M2 M3 M3
Elasticities dlog(V/A)/dlogX
R&D stock / assets 0.0479™  0.0483™
Ak (0.0078)  (0.0077)
Patent stock / assets 0.0045 0.0041
Ak (0.0032)  (0.0032)

Citation stock / assets 0.0230™  0.0222™
Ak (0.0038)  (0.0038)
CTM stock / assets 0.0524™  0.0498™  0.0579™  0.0556™  0.0533"  0.0513™
A (0.0056)  (0.0056)  (0.0057)  (0.0057)  (0.0056)  (0.0056)
Nice class stock / TM stock -0.0124 -0.0145" -0.0136"
& (0.0068) (0.0068) (0.0067)
Seniority stock / TM stock 0.0089" 0.0087" 0.0086"
& (0.0029) (0.0030) (0.0030)
Opposition brought stock / TM stock 0.0043" 0.0045" 0.0041
& (0.0017) (0.0017) (0.0017)
Opposition received stock / TM stock 0.0046 0.0041 0.0043

& (0.0034) (0.0034) (0.0034)

Note:N = 6,757 observations. Estimation method: NLLSb&st standard errors in parentheses. Significeveds:” 0.01 <p < 0.05;

" 0.001 <p<0.01;" p<0.001. Reference group for industry: ‘electroriicsl components’. Reference country: US. Refereaae: 2002.
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operationalize knowledge stocks (Model M3a), howgevkis patent measure, now
adjusted for patents’ value, is again positive higthly significant (1.651p < 0.001 in
Model M3a). One patent citation is equivalent t65lmillion Euros in physical assets.
The quality of patents carries new information tisahot captured by trademarks. This
finding is explained by the idea that trademark amiveighted patent stocks have
common information. Patents need to be adjustethfar value to be informative. The
loss of significance regarding unweighted pateatlst may be interpreted as follows.
Investors can more easily draw expectations ahautrd cash flows from trademarks
than from the more uncertain future cash flowsiagisrom patents. This is explained
by the great information asymmetries generated & kvestments (Aboody and Lev,
2000; Hall, 2000). Companies register trademarkyg brthey have products and ser-
vices ready to be sold. Whether patents, intergrieyetheir mere number, result in cash
flows is uncertain. Pure patent counts seem tectefheaningless IP activity and do not
add value from an investor’'s perspective. The typaif patents, however, is informa-
tive for the financial market. This finding addstte conclusions of Ha#t al. (2005),
who found citation-weighted patents to be more nmfative than patent counts. The
elasticities show how a 1% change in the regrestamterest relates to a percentage
change in Tobin'gy. A 10% increase in the CTM stock is associated \aitB.52%
higher market value (Model M1a). A 10% higher R&@cK is linked with a 0.48%
higher market value (Model M2a), but a 10% incremseitation stocks relates to an

increase in market value of only 0.23% (Model M3a).

The four value indicators of trademarks are inctugreModels M1b, M2b, and M3b as
intensities that characterize trademark portfolidgM. The regressors contained in
Models Mla, M2a, and M3a, which excluded value gatbrs, remain relatively un-
changed. The value indicators provide new inforaratind are rather robust throughout
the models, but not all of them behave as expeétest, the breadth of trademarks is
captured by the ratio of the Nice class stock &mlémark stock. Unexpectedly, this
regressor shows no significance in Model M1b andneappears to be significantly
negative in Models M2b and M3b (-0.0063< 0.05 in Model M3b). Broader trade-
marks do not have a higher economic value. Thetivegeoefficients, however, may be
interpreted in another manner. Assuming that tleadith of trademarks reflects firms’
diversification, a negative coefficient may indeahat widely diversified companies
experience a discount at stock markets (e.g., Monggy and Wernerfelt, 1988). Sec-
ond, the coefficient for the ratio of the seni@ttito trademarks, as predicted, is highly
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significant (0.0078p < 0.01 in Model M3b). This coefficient shows thhbse trade-
marks that are rooted in earlier trademark rigtt®otber jurisdictions are of higher
value. A company receives a higher stock valuatfionholds established trademarks.
This is because those trademarks reflect a higbgree of familiarity or awareness. A
causal relationship can be assumed because sesiariéarly point to past trademark
activities. Third, the number of oppositions brougly a firm against rivals is, as ex-
pected, significantly positive (0.11%,< 0.05 in Model M3b). The financial market
values companies’ lodging of oppositions againsals. This can be primarily ex-
plained by firms’ efforts to actively protect thénademark base by filing oppositions
against rivals. If a company owns valuable tradésyat will defend them more vigor-
ously. Furthermore, it is also possible that timaricial market values aggressive strate-
gies against rival¥ Fourth, the coefficient regarding oppositions reee by a firm is
insignificant. Accordingly, attacks by rivals shdulnot be interpreted as an
acknowledgement of the potential value of a trad&mehis is different from patents,
where oppositions are informative about their vgidarhoffet al, 2003a).

The coefficient of log(assets) provides evidenceualihe homogeneity of the value
function. It also allows one to investigate how gyl assets, knowledge assets and
trademarks are related to each other. In Model thi6,coefficient is negatively signifi-
cant, indicating diseconomies of scale. Smaller games, as measured by total assets,
have a higher Tobin’'g. When R&D stocks are added (Model M1), this casfit still
points to diseconomies of scale. Adding trademadcks (Model Mla) makes the
coefficient insignificant, pointing to constant uats to scale. Again, compared with
Model MO, adding citation-weighted patent stockso(Ml M3) makes the coefficient
insignificant. Adding trademark stocks (Model M3a)en renders the coefficient sig-
nificantly positive, indicating economies of scadecordingly, the value function is not
homogeneous of degree one and, thus, it can beteatdhe sum is more than its parts.
The behavior of this coefficient provides some ewick for the conjecture that trade-

marks are complementary to patents and physicatsass

Step 3 provides comparative statics and describeschanges in knowledge assets and

trademark stocks are reflected in the market vafdems in absolute terms. Due to the

% Although a causal relationship cannot be takergfanted, companies’ engagement in such activities
is likely to prevent their assets from impairmehts, influencing investors’ assessment of their-ma
ket value.
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skewness of firm size, as measured by total assetdian values of the variables are
used. The coefficients of Models M1la and M3a weraliad to establish estimations of
the value function based on Equation 3. Then, Egoustl3 and 14 result:

V(RD®**, M *°*) = 1.1731619.764+ 0.5337IRD*** +13.8781IM ***) ,  (13)

and

1.0125

V(C*% M *°%) =1,1324619.764+1.6514T** +13,748FM ) (14)

In Equation 13, the estimated value gpfis 1.1731. To obtain this value, note that

Equation 2 can also be written a<E[q,|=E[expd, +c, +m +u,)] and
E[q, ] = E[exp(, + ¢, + m)]E[exp(,)]. According to Wooldridge (2003, p.208), the
expectation ofexp@), E[exp()], is exp( 2/2). o2 is the variance ofi. If §2 is an
unbiased estimator af @ndQ =V /A, exp(@2/2) can be obtained from predictiq

with é =exp@2/2)exp(bgQ) . Here,10gQ is the prediction ofogQ, obtained by the
‘delta’ method and using the estimated coefficieotsModel M1a, taking the non-
linearity of this model into account. The ‘delta’ethod is also used to compute the

median of the predictions oéxp@, +c, +m . )Applying the regression results of

Model M1la yieldsgi; = 0.98101.1958 = 1.1731. The same procedure was employed to
predictg; = 0.94791.1952 = 1.1329 for Equation 14. Both equations maw be used

to assess the fraction of company values attribeitetoknowledge assets or trademark
portfolios.

As Table 9 reports, insertion of median values &DRstock (RD°®§ and trademark
stock (M*°% results in a firm value of 1,009.1 million Eur@@quation 13). If R&D
stocks are exchanged with citation stocks (Equalid)y the resulting firm value is
887.7 million Euros. Both equations can be useddsess how the market value of
companies is associated with changing knowledgetassd trademark portfolios (see
Table 9). Note that these values are sensitivedalepreciation rates used in the stock
variables’ computations. Accordingly, these caltaless should be cautiously inter-
preted.
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Table 9: Market Value of Knowledge Assets and Trad®aark Portfolios

Independent variables Dependent variable

Equation Computation RDS  CSlock |\ stock \% AV %
(13) 1. Median values 320.4 5.0 1,009.1
2. Median valuesRD®*°* doubled 640.8 5.0 1,209.7 200.6 19.9%
3. Median valuesM *°*® doubled 320.4 10.0 11,0905 814 8.1%
(14) 4. Median values 20.1 5.0 887.7
5. Median valuesgs°* doubled 40.2 5.0 929.1 414 4.7%
6. Median valuesiM s°* doubled 20.1 10.0 973.4 85.7 9.6%

Using R&D stocks as knowledge assets, a doublingetrademark stock is associated
with an increased market value of 81.4 million EtbConversely, if R&D stocks are
doubled, the market value increase is 200.6 milkuros. For Equation 14, where
value-adjusted patent stocks proxy knowledge asHetssame increase of trademark
stock translates to a market value increase of 88llibn Euros. In contrast, a doubled
citation stock yields a market value increase a#4tillion Euros. Finally, the contri-
bution of total knowledge assets can be showneiir ttotal value is related to the com-
pany’s market value. On average, the share of kedygd assets in terms of R&D stocks
equals 19.9% of a company’s market value. Citasitmtks represent 4.7% on average.
Similarly, trademark portfolios make up an avera§®.1% of the market value in the
R&D specification and 9.6% in the citation speatfion. In comparison, Brand Finance
(2007), a major brand valuation statistic, preseht@res of brand value in relation to
enterprise value. For these brands, the mediame swarals 14.0%, but this median share
is likely to be upward biased because only the @gr250 most valuable brands were
assessed. In sum, both trademarks and knowledgésam® valued and a substantial
share of companies’ market values can be attribitedlem. The next section presents

conclusions of these results.

5 Conclusions

Trademark rights are an essential instrument fonpamies to protect their acquired
assets against impairment. As Phillips (2003, A) 84ates, “the trademark is the legal
anchor which protects the brand from drifting awaym its owner’s control.” Corre-

spondingly, rights conferred by trademarks aretdacke used by companies to control a
brand’s development and to exploit the exclusivggined through potentially large

investments. However, trademark rights have raoegn examined in economics com-

% Similarly, a zero trademark stodeteris paribuscorresponds to a market value decrease of the sam
magnitude.
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pared to the extensive body of literature on patéktendoncaet al, 2004). Only few
studies have analyzed these intangibles jointle€@halgh and Rogers, 2006a, 2006b).
This study did so and addressed the economic \adlbeth trademarks and knowledge
assets. More specifically, it investigated whettiexr market value of publicly traded
companies is associated with their trademark plogfoFurthermore, the market valua-
tion of R&D and patents as knowledge assets wasimeal. Patents are mainly held by
manufacturing companies, but, in the case of tradksy no industry restrictions need
to be imposed. Accordingly, a broader range of camgs could be analyzed in this
study, including retail and service companies. $seas the economic value of trade-
marks in more detail, indicators reflecting theues were obtained from trademark
registration files. Except for von Graevenitz (2Qhese indicators have not yet been
used in research. The present study is the firsinedyze their contribution to compa-
nies’ market values and to scrutinize their capigbib reflect trademark value. This
study adds to the understanding of how the findnoiarket values trademarks and
knowledge assets. Since market-based intangibkesalso regarded, it adds to and
complements the stream of literature focusing covkadge assets (e.g., Blundetlal,
1999; Cockburn and Griliches, 1988; Griliches, 1,984ll et al, 2005).

The results obtained in this study are of intetesboth researchers and managers. It
was shown that financial investors value companiegéstments in both knowledge
assets and trademarks since both are positivebciased with firm value in the finan-
cial market. These results generally hold for tweasures of knowledge assets: capital-
ized R&D expenditures and patents. Consideringtabped R&D expenditures and
trademarks jointly, R&D investments capture on ager19.9% and trademark portfo-
lios 8.1% of companies’ market value. One tradenta® been estimated to be equiva-
lent to 13.9 million Euros of physical assets aneé &uro invested in R&D is equiva-
lent to 0.53 Euros in assets. Considering paterdsrademarks jointly, patents provide
new information only if their value is considereg émploying citation-weighted patent
stocks. Then, patent portfolios represent 4.7%heffirm value and one patent citation
corresponds to 1.65 million Euros of physical assdll et al. (2005) found that both
unweighted and weighted patent stocks were sigmfijcbut they did not consider
trademarks. Their results were replicated in thisly when trademarks were excluded.
In line with their results, value-adjusted pateioicks were more informative than pure
patent counts, yet the significance of unweightedept stocks disappeared when
trademarks were included. This relationship suggtsit trademark stocks carry infor-
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mation that is also embodied in unweighted pattatks. It may be due to companies’
activities in new product development, which inwloth patents and trademarks.
Financial investors do not consider the mere nunob@atent documents, but, instead,
they assess patents’ inherent value and impligithce an economic value on those

patents being of higher value.

The indicators used in this study to account fa ¢gneatly dispersed value of trade-
marks have considerable explanatory power. Fingt,breadth of trademarks, as indi-
cated by the number of product and service clagseshich a trademark is registered,
measures the diversification of companies. Thelteshowed that the financial market
places a discount on widely diversified compan&escond, seniorities were found to be
informative about trademarks’ value; they refléod diffusion of trademarks and con-
sumers’ potential awareness of them. Third, tradksnare more highly valued if their
owners protect them more vigorously by lodging appons against rivals. Conse-
guently, oppositions as legal instruments to maingatrademark’s exclusivity or to
weaken competitors’ branding aspirations are ofnenac relevance. Fourth, opposi-
tions received by rivals are not informative abtratiemark value. Thus, this measure
should not be interpreted as reflecting third parygorsements of the value of a com-

pany’s trademarks.

Although this study provides novel results, thddwing limitations are noted. Two
issues arise from the fact that only CTMs were mred. First, trademark portfolios
may also contain a substantial share of natioredetmark rights. Consequently, a
potential bias cannot be excluded. Importantly, thu¢he size of the sampled compa-
nies, this bias is probably small because largepamies are likely to mainly hold
CTMs. Second, the observation period used herenbegd 996, when CTMs were
introduced. It may have been informative to inclymteviously registered trademark
rights. Both issues could be addressed if inteonati trademark data or the data of
national jurisdictions were available, which, unforately, was not the case. The em-
pirical analysis reported herein rests upon a eéatdsawn from several sources. The
assignment of trademarks and patents to compasiestical to building coherent IP
portfolios at the firm level. Though a high degmdeeliability could be achieved by the
manual creation of company name patterns to madclemarks and patents, the possi-
bility that some patents or trademarks were nagass to the correct company or not
assigned at all cannot be ruled out. Although baoted for potential misspellings and
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notable ownership changes, this procedure couldnipeoved to account for the full
variety of misspellings, full ownership changesd anulti-level corporate structures.
Obviously, much work has to be done to optimizeséhalgorithms.

Avenues for further research concern the relatipnsimong technologies, products,
and services, for example, the correspondence wftraglemark applications with new
products (Malmberg, 2005). In contrast to pateméslemarks do not require restrictions
regarding companies’ industry membership since they registrable for the whole
range of products and services. A decompositiah@trademark portfolio according to
the various product and service classes could famgsresting results regarding the
way companies endow their products with trademigthkts. Accordingly, the economic
return to product-accompanying services and seato®mpanying products could be
assessed. Industry-specific investigations of tbenemic value of trademarks could
also reveal interesting differences. Another fulithrea of future research involves
companies’ efforts to protect their assets throdigferent kinds of IP rights. The rela-
tionship between patent rights and trademark riglgarly requires further examination.
Companies’ strategies of holding rights of sev#ffalomains have rarely been studied
and demand attention. Anecdotal evidence (Ruja89)1Bas indicated that trademarks
are complementary to patents. In all, our undedstanof the economic role of trade-
marks and the way companies employ them is stiltsgrroots. This is contrasted by

companies, who have used trademarks since mangeeca
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Appendix: Connecting Companies with Patent and Traémark Applicants

To build consistent IP portfolios at the corporkeel, trademarks and patents of each
firm must be consolidated. The OHIM database and$PAT provide very similar
structures regarding raw data. Both data sourad#ada lists of applicants. OHIM data
contain a list of trademark applicants, whereas PAT provides a list of patent
applicants. The list of trademark applicants allmmg to trace, for example, registered
trademarks or lodged oppositions. Correspondirthly list of patent applicants may be
used to investigate applicants’ patent activityclichst provides an applicant identifica-
tion number which provides full consistenaithin its database, but there is no straight-

forward way to build a linlbetweerboth databases.

It is important to note that a company as a cotgoeatity may be represented by a
broad array of applicanf8.This can be explained in two ways. First, a siragigporate
entity may comprise different legal entitf@sThis may be due to the structure of sub-
sidiaries concerning business segments and intenaabperations. Regarding the data,
all legal entities act as separate applicants wifferent names. Second, during the
process of trademark or patent application, misisigsl or slight variations in the
applicants’ names will immediately lead to seveealords, thereby spuriously inflating

applicant lists (Magermaet al, 2006).

An algorithm was employed to address this issués @lgorithm starts with a given set
of companies and assigns all trademarks and patetite appropriate corporate entity
according to given rules. More specifically, angertfolio, made up by a trademark
layer drawn from OHIM data and a patent layer otgdifrom PATSTAT, is built for

each of the firms in the sample. Due to the stmattsimilarity of the data sources, this
algorithm can be applied to both of them. Firsttr@ldemark applicants are connected

to the firms in the sample, followed by all patapplicants.

The algorithm is set up in three steps: (i) nangaming, (i) name matching, and (iii)
treatment of multiple applicants. Regarding thstfstep, applicant lists were cleaned

% For example, in the OHIM databaségkia comprises 11 different applicanBASFis represented by
23 applicants.

% The applicant name refers to the full legal riotabf a legal entity. ThusSiemens AGs different
from Siemens plc, Siemens LashdSiemens NV.
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using routines provided by Bronwyn Hall. This uesi.B.M. with IBM, for example.
Trademarks and patents were treated symmetricetig. step solves a substantial share
of problems; however, consolidation of unified apght names is not sufficient as there

are numerous variations in the names of legaliestit

The second step consolidates the various apprepatlicants to one corporate entity
by employing a strategy termed ‘search engine lo@aoce again, the same criteria are
used for both sets of raw data. This approach @sta simple thought: the name of
each company contains an idiosyncratic part that matentially distinguish it from
other firms® If individuals seek information about a comparheyt use this identifying
pattern to collect information. In the caseMétorola, Inc, this neither the full legal
name nor the fragmennc., but simply Motorola. Within the legal notatiorSie-
mens AG Siemends the idiosyncratic part and not the legal foA®. If a company
name is composed of multiple words, the specifitepa may also need to be composed
of several words. This category is illustrated Arxyalog Devices, IncNeither Analog
nor Devicesis idiosyncratic, but the combinatiolnalog Devicesis sufficient. To
account for misspellings or abbreviated notatiohapplicants, truncated patterns were
developed for potentially affected companies. Ban Microsystems, Incthe pattern
Sun Microsys*was employed, with the asterisk indicating anteaby continuance of
that name. Thus, this pattern recognizes the misspeameSun Microsystemas well
as the correct nam&un Microsysteni€ A yet more complex situation arises when
abbreviations of companies are common. Here, theeatated name might be used
with the same frequency as the unabbreviated n&@oasequently, such corporate
entities are represented by multiple patterns. Eptesnof this kind includeseneral
Electric or IBM. These examples show that both the unabbrevieaetes General
Electric, International Business Machinesind the abbreviated oneGH, IBM) are
valid patterns. In particular, the latter exampdéew that an automatic generation of
search patterns will lead to deception. Thereftire,idiosyncratic patterns were manu-

ally established for the selected 4,085 firms. &ach company name, | replicated the

% Similar approaches have been used by, for exampteGraevenitet al. (2008).

3" These patterns are not capable of consideringnaspellings in applicant names. To address this
problem, similarity measures as demonstrated bye@ehal. (2003) need to be used. Such measures
produce pairwise propensity scores for a set ofasampplying such methods results in a complete
new array of challenges, for example, determinimg minimum thresholds beyond which identity of
applicants is assumed. Low thresholds lead to tioblem that completely different entities are
lumped together if they show a sufficiently highsarity score. Conversely, high thresholds lead to
low matching rate.
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identifying word or the combination of words neededretrieve an undistorted set of
information about the specific company. If requiteg virtue of the company name,
multiple idiosyncratic patterns were created. Alyeéther, 4,594 search patterns were
used, of which 3,618 firms had one pattern (89.8Phe whole set of search patterns
was applied to the trademark and patent appligats. IOwnership and name changes
pose difficult issues regarding the consolidatidntrademarks and patents. For the
purpose of this dissertation, | only dealt with arawnership and names change€f
course, more complex issues arise from acquisit@nmergers; these issues are de-

ferred to future research.

The third step of the algorithm concerns the treainof multiple applicants. This issue
appears in two variations. The first issue reggrdtents since a single patent may
involve a group of applicants. This issue is irvalet for trademarks since only one
applicant is allowed per trademark application. Ekeeond issue stems from the possi-
bility that several name patterns may be found iwittne applicant name. Regarding
the first issue, multiple patent applicants appeasnly 5.0% of all European Patents.
Fractional counting was applied, assuming thatebenomic interests are uniformly
distributed. If a patent is jointly held by thregpéicants, one third of this patent will be
allocated to each of the three applicants. If, wla@plying the idiosyncratic name
patterns, only two of the applicants were recoghizee whole patent is considered as
two thirds of a whole, of which one third is alléed to each of the two recognized
applicants. The remaining third, which would beoedited to the unrecognized appli-
cant, is disregarded. The second issue concerngphlaypatterns withirone applicant
name. The data indicated that this constellatigmeaps to a large extent if companies
form joint ventures (e.gSiemens FujitslLG Philips NEC Hitachi MemoryGE Bayer
Silicone or Sony Ericsson In each of these examples, two company pattéerts,
Siemensand Fujitsu) are found within a single applicant name. Thes&xice of joint
ventures as legal entities precludes knowledgehef éxtent to which participating
companies will exploit the IP rights owned by tbej venture. Furthermore, assuming
equal distributions of ownership shares may ndecéfeality. Thus, the connections to
corporate entities were simply removed and theetratk or patent was not assigned to

% For example, the former name3# CompanywasMinnesota Mining and Manufacturing Company
This name change required the development of nelpatterns to recognize corresponding appli-
cants. To illustrate the need for additional pattedue to ownership changes, two of the acquisition
considered ar®Vestinghouse Electric Compaggcquired byToshibg and Hughes Aircraft(bought
by General Motor}.
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a corporate entity. Most importantly, these casgsasent only 1.2% of all allocated
trademarks and only 1.5% of all allocated patenlais, it is rather unlikely that this

treatment affects the results in a major way.

At the outcome stage of the algorithm describedrabd5,184 of the 229,627 registered
CTM applications in the OHIM dataset were allocatedaorporate entities, accounting
for 15.3% of all CTM applications. Regarding allrBpean Patents available in PAT-
STAT, 436,677 of the 864,980 patents were assigoetbmpanies, corresponding to
50.5% of all European Patents. It is interestingdte that the ownership of patents is
substantially more concentrated than that of traat&m This indicates that trademarks
are registrable for a wider set of industries drat small and medium-sized enterprises
are more likely to register trademarks due to lobesriers and lower registration costs.

Table Al lists the 30 companies with the largesdemark portfolios.

Table Al: Matching Results for Companies with the largest Trademark Portfolios

European
Nr Company name CTMs Patents
1 The Procter & Gamble Co. 668 3,541
2 Konami Corp. 616 159
3 DaimlerChrysler AG 616 2,270
4  BASF AG 558 13,043
5 Deutsche Telekom AG 546 266
6  GlaxoSmithKline plc 387 1,446
7  Sony Corp. 369 5,698
8 Pfizer Inc. 367 2,709
9 Novartis AG 339 1,122
10 Syngenta AG 315 336
11 L'Oreal 314 2,276
12 Microsoft Corp. 281 397
13 International Business Machines Corp. 274 8,364
14 General Electric Co. 258 4,420
15 Unilever NV 243 2,817
16 Bayerische Motoren Werke AG 239 1,739
17 Hewlett-Packard Co. 236 3,286
18 Eli Lilly Co. 218 1,053
19 Bayer AG 216 8,628
20 Viacom, Inc. 211 0
21 Volkswagen AG 209 1,140
22 Altana AG 208 104
23 Diageo plc 198 1
24 Schering-Plough Corp. 192 1,262
25 Bristol Myers Squibb Co. 188 528
26 Exxon Mobil Corp. 186 3,126
27 Sanofi Aventis 185 6,836
28 Abbott Laboratories 184 901
29 Baxter International Inc. 181 858
30 Saint-Gobain SA 178 1,477

Note: Descending order by number of CTMs. Fractionahtimg for European Patents was applied.
CTM = Community trademark.
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