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Abstract 1

Abstract

The following article systematically analyzes the question of how the results of R&D
and its protection — or so to say, the technology base of a firm — can influence its mar-
ket value and profits. Based on theoretical arguments it is hypothesized that large and
highly valuable patent portfolios of firms have significant effects on their competitive-
ness in the long run.

For the empirical testing a panel dataset including 479 firms from 1990 to 2007 based
on the DTI-Scoreboard is used, which contains data on R&D expenditures, market ca-
pitalization, turnover etc. and structural information like firm-size and industry sector.
To this database the relevant information on patenting behavior and financial perfor-
mance are added, so effects of firm characteristics can be calculated.

To assess the value of a firm's patent portfolio, different value measures like the num-
ber of received patent citations, opposed patents, number of inventors etc. are being
applied. The results suggest that at least at the firm level, especially forward citations
and family size positively influence market value. Concerning the Return on Invest-
ment, especially oppositions and family size show positive effects. This leads to the
conclusion that securing international markets has a positive effect on the value of the
firm in the home market.



2 Introduction

1 Introduction

The value and competitive advantage of firms is depending on a large number of dif-
ferent factors, such as business strategy, knowledge resources, or market position.
Increasing importance is also paid to innovative capacity, because it allows firms to
constantly renew their products and adapt their production techniques to new devel-
opments not only in a technological sense but also to new market situations. Innovation
therefore becomes a self-sustained competition parameter (compare Schubert 2010).
Furthermore, it is often argued, that increased innovative capability leads to competitive
advantage, because firms, especially at the beginning of the product cycle, face other
market participants in a technology (or quality) rather than a price competition (Kleink-
necht/Oostendorp 2002; Legler/Krawczyk 2006; Maskus/Penubarti 1995; Utter-
back/Abernathy 1975).1

Broadly speaking, innovative capability is the ability to successfully complete innovative
processes, i.e. implement respectively commercialize new or improved products, ser-
vices and technologies, where the major innovation incentive are increased future profit
prospects. The successful completion of the innovation process alone, however, is not
a sufficient condition to obtain the expected benefits from innovation. A firm has also to
be able to appropriate these benefits, implying that it prevents its competitors from imi-
tation. Thus, effectively protecting innovations (be they product or process changes)
requires firms to set up effective protection mechanisms, where formal intellectual
property rights, in particular patents, are among the most important instruments.

Following this argumentation, it is obvious that besides systematic generation and sys-
tematization of knowledge, the active protection of the developed intellectual property
is also decisive for increasing and securing competitive advantage.

The following analysis tries to shed light on the question of how far the results of R&D
and the protection of outputs can influence the market value of a firm. To approximate
the protected outputs and the technology base of a firm, we will use patent applica-
tions. Patents are one of the most important innovation indicators to assess technologi-
cal competitiveness on the micro and the macro level as they are among the most im-
portant visible artefacts of R&D processes (Freeman 1982; Frietsch/Schmoch 2006;
Grupp 1997; Grupp 1998). To assess and differentiate between the values of patent
portfolios, several of their characteristics — such as the average number of patent for-

1 This usually changes during the product life cycle. In later phases, when technologies ma-
ture, the technology competition shifts regularly to a price competition, driving some firms
out of the market.
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ward citations, family size or number of inventors - are employed, which are believed to
explain part of the difference in financial performance measures of firms in the sample.

The novelty of this paper lies in several aspects. First, different outcome values of firm
performance will be compared. Not only the stock-market-related data is taken into
account, but also the profit-based measure Return on Investment (ROI). This goes
beyond studies that have been performed up to now, since it allows separating effects
of the patenting portfolio on expectations of financial markets about future profitability
from that on current returns that is reflected by the income statement. Second, a broad
set of patent indicators is used, where, although several of them have been used at the
national level or at the level of individual patents (see for example Frietsch et al. 2010;
Harhoff et al. 2003), evidence at the firm level is still absent. Third, the study builds on
an international panel dataset of large R&D-conducting firms, where earlier studies
have mainly relied on cross-section data or on small and selective panels, often com-
prising data only on specific sectors or nations. Thus, what follows here is much more
general than earlier studies in terms of financial performance, analyzed patent indica-
tors, and dataset.

The remainder of this paper is organized as follows. In Section 2, we will give a short
account of the literature. Section 3 presents some more theory and derives the main
hypotheses. In Section 4 we describe the data and methods. Section 5 presents the
empirical results and Section 6 concludes.



4 Literature Review — Technology base and economic performance

2 Literature Review — Technology base and
economic performance

The idea that the long-term development of market shares is not only driven by price
but also by technology competition, finds its theoretical foundation in the "product cycle
model" or "technology gap model", which is usually used to explain differences in inter-
national trade. The product cycle model was first proposed by Posner (1961) and Ver-
non (1966; 1979) and further elaborated by Krugman (1979), as well as Dosi and Soete
(1983; 1991). In essence, the product cycle model assumes a dynamic change of pro-
duction technology and different ability to exploit new technologies between different
entities. Furthermore, it assumes the presence of an imitation lag, i.e. it will take time
and costs for a follower to absorb superior technology and apply it for manufacturing
processes. Under these conditions, new or advanced products integrating superior
technologies will form oligopolistic markets, at least temporarily, before the followers
catch up. Therefore, firms developing new products integrating superior technology will
dominate the markets for these products, not only resulting in high market shares but
also allowing them to (at least temporarily) reap above-normal profits as a result of
market power. This argumentation is also empirically supported. Some empirical evi-
dence for example comes from a study by Hendricks and Singhal (1997) who showed,
that delaying the introduction of new products decreases the market value of the firm.
Significant penalties for firms seem to exist for not introducing new products on time.

Therefore, innovation should drive the long-term competitive advantage of firms, which
eventually should be mirrored also in the financial performance measures. Patents as
one of the most important visible artefacts should thus be positively related to financial
performance.

Although there is a broad literature on patents as a measure of the national/regional
technology base or the value of individual patents, especially, at the level of individual
companies, evidence of an association between patent characteristics and financial
performance is not overwhelmingly large.

Several other studies take the stock market value of firms as an aggregated measure
of economic value or other financial performance indicators at the firm level. They ex-
amine how these value measures are predicted by various patent indicators including
the number of patents, forward citations and others. Notable studies are for example
Griliches (1981), who found a significant relationship between firm market value and
what he calls its 'intangible' capital, proxied by past R&D expenditures and the number
of patents, based on data for large U.S. firms. Narin and Noma (1987) found correla-
tions in the range of 0.6 to 0.9 between an increase in a company's profit and sales
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and citation frequency as well as concentration of patents in only a few patent classes.
The results of Deng et al. (1999) indicate that the number of patents, forward citations
and closeness of R&D to basic research are associated with future firm performance.
By analyzing a sample of 50 business firms within the German mechanical engineering
industry, Ernst (1995) revealed that the number of international patent applications, the
rate of valid patents and highly cited patents are positively related to economic perfor-
mance. In a sample of German machine tool manufacturing firms, he could also show
that national patent applications lead to sales increases with a time lag of two to three
years after priority filing (Ernst 2001). Bosworth and Rogers (2001) analyzed the value
of large Australian firms. Their findings suggest that R&D and patent activity are posi-
tively and significantly associated with market value as measured by Tobin's q. Hage-
doorn and Cloodt (2003) found a composite indicator consisting of R&D inputs, patent
counts, patent citations and new product announcements to be related with firm per-
formance. Lanjouw and Schankerman (2004) used an index of patent quality and could
show that research productivity at the firm level is negatively related to the patent quali-
ty index but exerts a positive influence on the stock market valuation of patented inno-
vations held by firms. Also, the stock of patents within a firm is known to be positively
associated with sales revenue from new products (Nerkar/Roberts 2004). Hall, Jaffe
and Trajtenberg (2005) used patents and citations from 1963 to 1999 and found firm
market value positively related to the ratios of R&D to assets stocks, patents to R&D,
and citations to patents. In a firm dataset from the US pharmaceutical and semiconduc-
tor industries Lee (2008) estimated a Tobin's q equation on the R&D intensity, patent
yield of firms, and citations to patents. Interestingly, he found that information on patent
citations received long after a patent is granted bears significant information about the
market value of innovating firms. In more recent studies, Chen and Chang (2010b)
found that the relative patent position2 and patent citations of firms were positively as-
sociated with corporate market value in the pharmaceutical industry. Additionally, they
found an inversed u-shaped relationship between patent citations and corporate market
value. Using the method of artificial neural networks, they discovered an optimal value
for patent citations (2010a). Furthermore, in an analysis of a sample of German manu-
facturing firms Czarnitzki and Kraft (2010) found that the patent stock of a company
has a strong and robust effect on profitability. Levitas and Chi (2010) used a real op-
tions approach to analyze the effect of patent intensity and capital investment in tech-
nology on firm's opportunities to create value through future investment. In a sample of
161 US based biotechnology firms, they found mixed results with regard to the rela-

2 The relative patent position is a measure proposed by Ernst (1998), which compares the
patent counts of a company to its most active competitor in terms of patent counts.
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tionship between patenting and firm value and therefore argued that such investment
primarily creates value by offering future technology options. Finally, Hall and MacGar-
vie (2010) in an analysis of firms in the ICT sector found slightly higher market values
for firms holding software patents compared to those firms with no software patents.

Building on this literature, the aim of this study is to show how the patent portfolio influ-
ences the economic value of a firm in total. The proposed analyses go beyond older
studies by accounting for different kinds of financial performance, by accounting for
patent characteristics not analyzed before and by employing a large scale panel data-
set.3

3 A significant implication of an association between patenting measures and firm perfor-
mance would be that the more patents reflect the economic results of R&D activities, the
more meaningful they become as an outcome indicator of R&D activities (Ernst 1995; Gri-
liches 1990), which is even more important, given that patenting information especially for
firms is more easily accessible than information on R&D activities.
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3 Theory & Hypotheses

In the following we will first discuss the different indicators of firms' financial perfor-
mance. Then we will review important patent indicators. Based on both discussions we
will derive our working hypotheses.

3.1 Assets, profitability, and their relation to market
capitalization

A variety of different stock-market-based indicators have been used to assess the val-
ue of firms. In this analysis we intend to use the Tobin's q and the Return on Invest-
ment. As will appear in the empirical section, the analyzed patent indicators may exhibit
different kinds of relationships. In order to interpret these differences properly, we will
here define the Tobin's q and the Return on Investment formally. This will allow us to
highlight the different perspectives taken by these two indicators.

Most notable is the use of stock market data for at least two reasons. Firstly, stock
market data are easily available. Secondly, if stock markets are arbitrage free and
traders are rational, we would expect that the market capitalization of a firm equals the
flow of all discounted future profits plus the selling value of all remaining assets. In
simpler words, the market value of a firm should resemble its value when seen as an
investment object.

More formally let assume that a firm is infinitely lived and there is no uncertainty. Let r
be the discount rate (consisting of an appropriate interest rate and possibly time prefe-
rence), = be profits before interest and tax, /' the market capitalization of a firm, R
the selling value of the firm and A4 be tangible assets. The following relationship is
expected to hold for any firm i:

; LRe 1
Ay, ; A, (1+r) Aol- (1+rTi)T (1)

where the left-hand side is the ratio of market capitalization to the book value of a firm.
This measure is also called Tobin's q (Brainard/Tobin 1968; Griliches 1981; Hall et al.
2005; Narin et al. 2004; Nguyen/Schiller 2010; Tobin 1969).4

4 The popularity of this indicator has also to do with its nice interpretation. A value greater
than unity means that the firm is worth more than the sum of its tangible assets. A value
less than one, on the contrary, implies that the firm value is below the book value of the
tangible assets. Because of this, Tobin’s q is often taken as a measure of under- or over-
valuation.
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At the same time, abstracting from the returns, the value of a firm can also be defined
in terms of its assets. Following the g-model (Griliches 1981), we assume that the val-
ue a firm depends on the stock of tangible assets 4 and knowledge assets K. More
precisely, the following structure is assumed:

Vor = Aot (Ao + 7K)° (2)

where A, is a firm-specific multiplier that captures, for example, market characteristics
or other kinds of firm specifics including not yet controlled resources, while o meas-
ures the returns to scale and y is the shadow-value of knowledge assets. Dividing (2)
by A yields:

Vol Ay = 2,1+ y K, 1 4y,)° 3)
We note that the term on the right-hand side is actually once again Tobin's q.°

Taking together equation (1) and (3), it becomes obvious that Tobin's q is actually both
determined by the value of the assets and by the future discounted profits of a firm,
where this equivalence forms the theoretical justification for treating the Tobin's q both
as a measure of asset and investment value of a firm.

Indeed under the model assumptions of perfect predictability of all future returns, to-
bin's q is theoretically very appealing because it defines a nice way of incorporating all
information on the expected performance of the company. However, we should note
that future profit rates are unlikely to be predictable and often we may even be unable
to specify a sensible distribution. Thus, observed market capitalization and Tobin's q
are frequently very noisy measures of future profitability and are more likely to reflect
herd instinct, speculative bubbles, or general market expectations (so to say, the state
of mind of the shareholders).

Therefore, we intend to use also a measure of contemporaneous profitability. In par-
ticular, we use the Return on Investment, which is defined as profits before interest and
tax divided by total assets:

ROI, =70 | Ay, 4)

5 Note that from (3) it is possible to derive an econometric model that can be estimated by
NLLS. However, the non-linearity implied by (3) is nothing structural and only reflects a
model choice with respect to the functional form. Since implementing the NLLS procedure
for panel data would prevent us from dealing with more important topics related to panel
data driven endogeneity, we take equation (3) rather as a theoretical inspiration and a gen-
eral guideline than to overemphasize the actual functional form.
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Comparing (1) and (4) actually reveals that Tobin's q and the Return on Investment are
indeed closely related. The former takes into account all future profit flows, while the
latter focuses only on the present day profits.

Using these two measures is theoretically very appealing, because in our context it
allows us to differentiate the influence of patent portfolio characteristics both on market
expectations (resembled by Tobin's q) and on the income statement, that is, the rea-
lized present day profits. As we will see, this distinction also reveals that some of the
contradictions prevailing in the literature can in fact be reconciled, because patent indi-
cators will be found to have effects that vary with the employed measure of financial
performance.

3.2 Patent Characteristics

The most important indicator for the output of invention/innovation processes within
firms are patent counts or patent stocks. However, since patents can differ both in eco-
nomic and technological value, simple patent counts give a distorted impression of a
firm's technological basis. Therefore, many other indicators have been proposed to
correct for quality or value of patents (compare for example Frietsch et al. 2010). The
most important indicators, both with respect to quantity and quality, will be reviewed in
the following. For the sake of simplicity, all of patent characteristics that could indicate
patent value, will be referred to as value indicators in the remainder of this paper, al-
though the article aims to find out which of these indicators are applicable for the eval-
uation of a company's patent portfolio.

3.21 Patent applications

Despite quality considerations, it is still reasonable to assume that the number of patent
applications positively affects firm performance. Large patent portfolios not only indi-
cate stronger efforts in R&D activities and therefore a higher innovative output. Large
patent portfolios are also strategically useful, for example, to block competitors (Blind et
al. 2006). Additionally, larger patent portfolios increase the chance for licensing agree-
ments or trade with other firms and can also be used to prevent smaller potential com-
petitors from entering relevant markets. Furthermore, patent output can be seen as a
positive signal to the market. Taken together, this leads to our first hypothesis:

H1: A larger patent output leads to an increase in market value and profits.
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3.2.2 Citation-based measures

3.2.21 Forward Citations

Probably the most common and widely used indicator to indicate the value of a patent
is patent forward citations (Narin/Noma 1987; Trajtenberg 1990). It is assumed that the
number of forward citations (citations a patent receives) measures the degree to which
a patent contributes to further developing advanced technology, thus this can be seen
as an indicator of technological significance (Albert et al. 1991; Blind et al. 2009; Car-
penter et al. 1981).6

H2a: A larger average number of forward citations per patent has a positive effect on
firm performance in terms of market value and ROI.

Yet, several studies show, that patent citations are a very noisy signal of patent value
(Alcacer et al. 2009; Alcacer/Gittelman 2006; Hall/Ziedonis 2001). For this reason, ad-
ditional measures of patent value are taken into account in the following the analysis.

3.2.2.2 Backward Citations

Backward citations (citations a patent makes) refer to previous patents and are mostly
used as an indicator of technological breadth or background of an application and can
give hints on the scope of a patent. However, the logic of backward citations is ambi-
guous (Frietsch et al. 2010). On the one hand, backward citations reflect a patent's
scope, as a patent examiner may include more references if the scope of the patent is
large. On the other hand, Harhoff (2003) offered the argumentation that a higher num-
ber of backward citations could cause the content of the patent to be more restricted,
which could therefore limit its possible value. However, in his analyses he found a posi-
tive influence of backward citations on patent value. Therefore, the following hypothesis
can be derived:

H2b: A larger average number of backward citations per patent has a positive effect on
firms' financial performance measures.

6  As a specific feature of the EPO, patent citations are categorized into different types. First
of all, there are citations which are particularly relevant regarding the assessment of the
novelty or the inventiveness of the application (invention) examined. These can be called
the "relevant" citations with the codes X or Y. We assumed, that X or Y citations could ex-
ert a different influence on firm performance measures compared to using forward citations
in total. The analysis of correlations, however, revealed that X and Y citations are highly
correlated with forward citations in total. Therefore, X and Y citations were left out in the fol-
lowing analyses for reasons of multicollinearity.
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Figure 1: Taxonomy of patent citations
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3.2.3 Granted Patents

Another patent characteristic that could serve as an indicator of patent value is granted
patents. The interpretation of this indicator is very straightforward, as it can be as-
sumed, that the value of a patent is determined by the granting process per se. A
granted patent can be seen as more valuable than a non-granted patent as it has met
the criteria of novelty, technological height and commercial applicability.

H2c: A larger share of granted patent leads to an increase in market value and profit of
firms.

The alternative to a grant decision are a withdrawal by the applicant or a refusal. The
refusal should clearly be a negative event, because refused patents do not even meet
the regular conditions for being granted. A withdrawal, however, can indicate different
things. Of course, it may only be an anticipation of a future refusal (compare for exam-
ple Harhoff/iWagner 2009). Then, it would likewise be interpreted as a negative sign.
On the contrary, withdrawn patents can also have had a strategic (e.g. blocking value)
during their lifetime. Furthermore, a withdrawal decision can reflect the successful
product portfolio management of a firm.

H2d: i) The share of refused patents should have a negative effect on firm perfor-
mance. ii) The influence of the share of withdrawn patents is ambiguous.
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3.24 Opposed Patents

In addition, opposition or litigation history has been well established as an indicator of
patent value (Harhoff et al. 2003; Harhoff/Reitzig 2004; van der Drift 1989). At the EPO,
any third party may file an opposition against a granted patent within a period of nine
months after grant. This counts only to a limited extent for the USA, where patents are
more frequently litigated in court. Therefore, in the US litigation fees have been used as
an indicator (Lanjouw/Schankermann 1998).

The explanation for the use of oppositions as a patent value indicator is twofold. Op-
posing a patent is subject to significant additional costs, for which companies should
only be willing to pay if they see a market for one of their inventions which is to be cov-
ered by the contested patent. In addition, an appeal against a patent means that at
least two parties conduct research for exactly the same piece of technology. Therefore,
the cost and risks associated with the dispute signal the existence of a market for the
patented invention (Van Zeebroeck 2009). In practice, however, opposition is a rare
event, as for example only about eight to nine percent of all EPO patents are chal-
lenged (Harhoff/Reitzig 2004).

H2e: With a larger share of opposed patents firm financial performance increases.

3.2.5 Family size

Another important patent characteristic which could potentially indicate a patent's value
is family size. Family size is determined by the number of countries or patent offices, at
which a patent has been applied (Puthnam 1996; Schmoch et al. 1988). For each of
these countries, however, application and maintenance fees have to be paid to the
respective offices. Therefore, an application for a patent in a foreign country means
that the applicant tries to secure that market to sell his invention and is prepared to
bear additional costs. In this sense, it is assumed that a patentee only files a patent
abroad, if he expects a corresponding profit with the sale of the protected technology.
Put simply, a large patent family means greater market coverage which is associated
with preliminary costs.

H2f: With increasing average family size, financial performance increases.

3.2.6 Number of inventors

Lastly, the average number of inventors per patent is included as an indicator in the
analysis. This measure is based on the assumption that a patent stemming from re-
search by several inventors should be of greater value than a patent, which was devel-
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oped by a single inventor (Schmoch et al. 1988). The basic argument is that inventions
can be regarded as a combination of existing ideas. The broader the set of underlying
ideas, the more valuable the patent or the invention (Guellec/van Pottelsberghe de la
Potterie 2000).

H2g: With a higher average number of inventors, market value and profit increase.
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4 Data and Methods

4.1 Data and Sample

For the empirical analysis, a panel dataset including 479 firms from 1990 to 2007
based on the DTI-Scoreboard? was constructed that contains firm-specific data on,
amongst other R&D expenditures, market capitalization and turnover. The basis year
for the construction of the dataset is 2001 where in total 500 companies were listed in
the DTI-Scoreboard. Data on preceding and following years were added to this dataset.
If any of the 500 companies had not been listed in the years before or after 2001, the
respective observations were treated as missing. Fortunately, each year's scoreboard
provides information on the R&D expenditures for the previous four years, so at least
some information could be added to fill the gaps. Since some observation variables are
still missing in some time periods, the panel is unbalanced.

In case of mergers and acquisitions between companies listed in the DTI-Scoreboard,
which could be identified over the years, all data for the respective firms were added
up. Using this method, the firms were treated as if they were merged from the begin-
ning of the observation period.8 This approach was chosen to preserve comparability
over time, as no separation of information is possible after the merger.9 Mergers and
acquisitions where not all concerned units were listed in the scoreboard had to be left
uncontrolled. In any case, since the DTI-Scoreboard already contains the most impor-
tant R&D performers, enterprises not listed should be smaller, and distortions should
be limited.

The relevant information on patenting behavior and financial indicators were added to
this database. The relevant patent data were extracted from the "EPO Worldwide Pa-
tent Statistical Database" (PATSTAT), which provides information about published pa-
tents collected from 81 patent authorities worldwide. The annual sum of patent applica-
tions filed by each company at the European Patent Office (EPO) in total and differen-

7 The DTI-Scoreboard is provided annually by the British Department for Innovation, Univer-
sities & Skills (DIUS) and the Department for Business, Enterprise & Regulatory Reform
(BERR). For the year 2008, it lists the Top 1400 international companies according to their
R&D expenditures by industry (the number of companies is smaller in preceding years). In
addition to the R&D expenditures, further firm-specific values, like sales and the number of
employees, are shown. http://www.innovation.gov.uk/rd_scoreboard/

8  For details of this method of dataset construction, see Frietsch (2006).

9  Clearly, this treats merged companies as being the sum of its parts, which may be proble-
matic, if mergers and acquisitions caused for example synergy effects. Still, we think that
this is the most suitable approach.
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tiated by 35 high-technology fields (Legler/Frietsch 2007) was calculated. We restricted
the analyses to EPO data, to be able to focus on a consistent and homogeneous pa-
tent system. The companies were identified via keyword searches, where the keywords
also included the names of the companies' subsidiaries, which were held by the parent
company with a direct share of at least 25% to keep the patent data comparable with
the financial data from the companies' balance sheets. Information on the names of the
relevant subsidiaries by company was added from the LexisNexis
(http://www.lexisnexis.com) and Creditreform Amadeus (http://www.creditreform.com)
databases. Furthermore, patent value indicators — like patent forward citations, family
size, patent oppositions etc. — were added to the database. PCT citations were in-
cluded if the EPO search report makes reference to the PCT document. All patent data
reported are dated by their priorities, i.e. the year of world-wide first filing.

The financial data for the companies — like total assets or returns before interest and
tax — that are needed to calculate the firm's financial performance indicators were add-
ed from Standard & Poor's COMPUSTAT Global and COMPUSTAT North America
databases. All monetary measures were converted to British pounds (GBP) based on a
yearly averaged exchange rate which was taken from COMPUSTAT Global Currency
database. Tobin's q is only available from the year 2000 onwards, which is why the
following models on ROI are also calculated with the restricted dataset.

4.2 Indicators for the value of a patent portfolio

Before proceeding, we will shortly present the patent indicators from the PATSTAT
database and the other explanatory variables. Following the discussion in chapter 3.2,
these indicators are as follows.

Table 1: Indicators for the value of a patent portfolio

Number of EPO applications | A count of a company's issued patents year. The number of
(in thousands) patents is the outcome of a company's R&D activity.

Patent stock of a company A sum of the company's issued patents in the last five
years, depreciated by 15% each year. This accounts for the
fact that knowledge is cumulative. Therefore, it can be as-
sumed that patent stock could exert some additional influ-
ence on firm market value.

Granted patents as a share Granted patents divided by patent applications lagged by
of patent applications five years. The lag is based on the assumption that on av-
(lagged 5 years) erage the grant of a patent at the EPO takes about five
years (Frietsch et al. 2010).

Withdrawn patents as a The sum of withdrawn patents of a company by year, di-
share of patent applications | vided by total patent applications.
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Refused patents as a share
of patent applications

The sum of refused patents of a company by year, divided
by total patent applications.

Opposed patents as a share
of patent applications

The sum of opposed patents by company and year divided
by total applications.

Average number of forward
citations

The number of forward citations in a four year time window
divided by the number of applications with forward citations
(also in a 4 year time window). With this time window it is
assured that all patents have the same amount of time to be
cited. Not using a time window would lead to higher citation
counts for older patents, as they had a longer time period to
be cited, which would cause a systematic bias.

Average number of back-
ward citations

The number of backward citations of a company's patents
divided by the number of applications with backward cita-
tions.

Average family size

The average number of distinct patent offices a company's
patents were filed at.

Average number of inven-
tors

The average number of inventors that are named on the
company's patent applications.

In addition to the independent variables, some control variables are included in the
model. First of all, the number of employees per company (in thousands) is added to
control for size effects. Additionally, the share of sales by employee and R&D expendi-
tures as a share of total sales are added, which are used as proxies to measure how
efficiently firms generate sales and how well a firm converts results of R&D processes
into revenues.

To account for the firm's productivity in general, the share of sales (in million GBP) by
employee is calculated. To control for increased monetary input into the innovation
process, the share of R&D expenditures (in million GBP) divided by sales (in million
GBP) is calculated which can also be seen as a proxy of how well a firm converts re-
sults of R&D processes into revenues. Additionally, the number of employees (in thou-
sands) is included into the model to take differences in firm size into account.
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Table 2: Overview of the variables and summary statistics
Variable Abbrev. Mean Std. Dev. Min Max #Obs. #firms
Tobin's q Tobin's g 1.30 1.31 0.00 9.87 3223 446
ROI ROI 0.08 0.09 -0.76 0.50 7635 462
# employees (in k) emp 45.85 62.49 0.00  484.00 6392 456
R&D (in m)/Sales (in m) rd_sales 0.07 0.08 0.00 0.99 5342 479
Sales (in m)/Employees sales_emp 0.19 0.13 0.00 0.98 4423 443
# EPO applications (in k) npat 0.09 0.20 0.00 3.08 7185 453
Patent Stock (5years) (in k) patstock 0.39 0.76 0.00 10.74 4769 47
Grants/Applications (lagged 5 years) |grant_share 0.59 0.26 0.00 1.00 5225 452
Withdrawals/Applications withd_share 0.21 0.21 0.00 1.00 7142 453
Refusals/Applications refd_share 0.02 0.06 0.00 1.00 7142 453
Oppositions/Applications opp_share 0.03 0.07 0.00 1.00 7142 453
Awg # FW-Citations avg_nr_fw_cit 3.69 2.80 1.00 72.00 6525 452
Aw # BW-Citations avg_nr_bw_cit 6.67 4.26 1.00 198.00 7148 453
Avg Family Size famsize 6.18 2.90 2.00 31.89 7158 453
Awg # Inventors invtent 2.87 1.1 0.00 24.03 7185 453

4.3 Estimation Methods

Since the data used for the analysis is a firm-level panel, the econometric specifica-
tions have to take account of the typical peculiarities of panel data. In particular, con-
sider the following panel-data model

v, =x,pB+c +u, i=1,..,n t=1..T (1)
where y, is the explained variable of unit i in period ¢, x, is a vector of explanatory
variables, [ is a coefficient vector ¢, is a firm-specific effect and u, idiosyncratic er-
rors.

Model (1) can be consistently estimated by pooled OLS or a random effects estimator,
if we have i) E(c, | x,)=E(c;)=0 and i) E(u, | x,,c,)=0 t=1,...,T . The first assump-

tion is typically referred to as the random effects assumption, while the second is the
assumption of strict exogeneity.

If any one of these fails, neither pooled OLS nor random effects estimation provides
consistent estimation of the model (1), because the composite error term v, =c, +u,, is

correlated with the explanatory variable, leading to endogeneity.

Looking at the economic meaning of the two assumptions reveals that fixed effects
imply that although firm-specific effects are allowed to be existent, their value does not
affect firms' choices about the explanatory variables. In our context, this for example
rules out that unobserved firm differences for example with respect to innovative ca-
pacity or profitability may influence the decisions of the firm with respect to patenting
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activities. This is already clearly restrictive und not very convincing from an economic
point of view. Strict exogeneity implies that random shocks in one period to not affect
the explanatory variables (e.g. the firm's decisions about input) in any other period. It
therefore rules out that for example a shock to return on investment induces changes
to behavior in later periods. Also this is unlikely to hold with rational actors that will
usually adjust their choices after shocks. Thus, there are no strong grounds in assum-
ing strict exogeneity.

Fortunately, there are methods to deal with the failure of both assumptions. If the ran-
dom effects assumption is not guaranteed to hold, it is common practice to use estima-
tion techniques that eliminate the time constant firm-specific effect, either by first diffe-
rencing or by time-demeaning. The latter is called the fixed-effects estimator, which is
consistent, if assumption i) fails. However, it still requires strict exogeneity.

Failure of the latter is, although equally problematic, unfortunately not commonly dis-
cussed in empirical applications. However, it is possible to replace strict exogeneity,
which is unlikely to hold, with an assumption called sequential exogeneity. This should
usually hold in economic contexts with rational actors (Keane/Runkle 1992). To see
why, note that sequential exogeneity requires shocks only to be uncorrelated with the
explanatory variables of earlier periods, where it allows arbitrary correlation between
random shocks and the explanatory variables in later periods. More formally, instead of
assuming E(u,|x,c)=0 t=1,..,T, sequential exogeneity only requires that

E(u, |x,,..x,,¢,)=0 t=1..,T. Under this assumption there are several
straightforward IV estimation techniques that eliminate the fixed effect by first differenc-
ing and use lagged explanatory variables as instruments for the endogenous explana-

tory variables (Wooldridge 2002, Ch. 11).

In this case we have used the first to lags, i.e. we instrumented x, with (x,

it—1°

x,,) - We

further have run tests both on the random effects assumption and on strict exogeneity.
Both tests indicated that both assumptions might be violated in our models.
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5 Results

5.1 Descriptive Results

In Figure 2, Tobin's q, Return on Investment and total patent applications at the EPO
averaged for the companies in the dataset are plotted. As can be seen from the picture,
patent applications rose dramatically, especially in the 1990s. This is a general pheno-
menon that can be observed throughout most OECD countries during that time and is
commonly referred to as the patent upsurge (Blind et al. 2006).

Comparing the co-evolution of the patent counts and the financial performance meas-
ures ROI and Tobin's q in any case reveals that the financial measures are highly cor-
related, which should be expected in light of the theoretical discussion about the ROI
and Tobin's q in Section 3.1. The correlation of the financial performance measures
and the patent counts, on the contrary, although obviously present, is much less pro-
found. This might indicate that using simple patent counts as a measure of the technol-
ogy base of a firm, may be too noisy. It might therefore call for the incorporation of ad-
ditional patent indicators, like citations.

Figure 2: Average Tobin's g, Return on Investment and total patent applications at
the EPO, 1990-2006
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This argument is corroborated by taking a look at the bivariate associations between
the variables. This again reveals that the mere number of patent applications does not
seem to have an effect on the firm performance measures. A much larger influence can
be found for the value indicators, especially family size, which asserts an influence on
both Tobin's g and ROI. The average number of forward citations only seems to affect
market value in a positive way, but does not seem to have any influence on ROI.

Table 3: Pairwise correlations for the firm performance measures and the patent
value indicators

[ g %‘| K
o @ g- S 2 % % g 'El 'gl ®
w K] ) [ » | = < . . 3
5 - =2 % & % 3 f L 2 & o o @
e 2 & ¢ 3 & &5 § % % § % §% 8
ROI 0.45
(0.00)
emp -0.19 -0.07
(0.00) (0.00)
rd_sales 0.32 -0.12 -0.24
(0.00) (0.00) (0.00)
sales_emp 0.15 0.09 -0.09 -0.06
(0.00) (0.00) (0.00) (0.00)
npat 0.01 -0.02 0.47 0.02 0.01
(-0.69) (-0.08) (0.00) (-0.14) (-0.48)
patstock 0.00 -0.01 0.47 0.02 0.06 0.92
(-0.92) (-0.55) (0.00) (-0.15) (-0.00) (0.00)
grant_share -0.13 -0.02 0.10 -0.20 -0.05 0.04 -0.04
(0.00) (-0.26) (0.00) (0.00) (-0.00) (-0.02) (-0.01)
withd_share 0.01 0.02 -0.05 0.05 -0.04 -0.01 -0.05 0.16
(-0.57) (-0.13) (0.00) (0.00) (-0.01) (-0.34) (0.00) (0.00)
refd_share 0.07 0.01 0.00 0.02 -0.07 -0.02 0.00 0.09 0.05
(0.00) (-0.69) (-0.81) (-0.16) (0.00) (-0.16) (-0.78) (0.00) (0.00)
opp_share -0.05 0.02 0.02 -0.13 -0.01 -0.05 -0.05 0.17 -0.05 0.03
(-0.01) (-0.12) (-0.12) (0.00) (-0.72) (0.00) (0.00) (0.00) (0.00) (-0.03)
avg_nr_fw_cit 0.177 0.08 -0.08 0.14 0.04 -0.03 -0.06 0.18 0.18 0.07 0.14
(0.00) (0.00) (0.00) (0.00) (-0.02) (-0.01) (0.00) (0.00) (0.00) (0.00) (0.00)
avg_nr_bw_cit| -0.07 -0.01 -0.03 -0.13 0.03 -0.03 -0.07 0.19 -0.01 -0.03 0.11 0.24
(0.00) (-0.39) (-0.02) (0.00) (-0.04) (-0.01) (0.00) (0.00) (-0.50) (-0.01) (0.00) (0.00)
famsize 0.25 0.15 -0.07 0.09 0.07 -0.03 -0.07 0.16 0.03 0.04 0.18 0.37 0.25
(0.00) (0.00) (0.00) (0.00) (0.00) (-0.01) (0.00) (0.00) (-0.01) (0.00) (0.00) (0.00) (0.00)
invtent 0.11 -0.01 -0.05 0.12 0.21 0.01 -0.01 -0.04 -0.01 -0.02 -0.02 0.12 0.10 0.18
(0.00) (-0.31) (0.00) (0.00) (0.00) (-0.45) (-0.50) (-0.00) (-0.45) (-0.07) (-0.19) (0.00) (0.00) (0.00)

p-values in brackets
Significance Level: ***p<0.01, **p<0.05, *p<0.1

The average number of backward citations, on the other hand, is negatively associated
with both measures, which means, that at least at the level of patent portfolios, a larger
number of backward citations restricts the contents of a patent and therefore restricts
its possible value. Also the average number of inventors seems to exert a rather high
influence on both firm performance measures. Furthermore, the table shows that the
patent stock measure for the firms is highly correlated with the number of EPO patent
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applications per year, which is why the patent stock variable is dropped for the follow-
ing analyses.

For the sake of completeness, we will also hint at the importance of industry differenc-
es: figure 3 plots Tobin's g and ROI by the number of patent applications by industries
and size averaged over all available years. One can observe large inter-industry differ-
ences on the association between patent applications and both firm performance
measures. For the firms in the sample the electrical engineering sector is most actively
patented but does not score very high on market value or ROI. A similar effect can be
found for the mechanical engineering sector. The highest values on the firm perfor-
mance measures are reached by the chemistry and pharmaceutical sector as well as
Information and Communication Technologies (ICT). Consumer goods and network
dependent supply, as expected, both show rather low numbers of patent applications
but score medium on Tobin's g and ROI. This can be explained by the fact, that non
research-intensive sectors are not that strongly dependent on technology, which is why
several additional mechanisms affect market value. Concerning firm size, a negative
effect of patent applications on market value can be observed. With increasing number
of employees the number of patent applications rises but market value decreases. For
ROI this effect only counts for very large companies, which is why an inverse u-shaped
distribution can be found. Going down to the company level a surprising result can be
observed. At least at first sight, there seems to be no association between the number
of patent applications per company and firm performance.

In any case, since sector differences are not of the core of the study, they will not be
analyzed further in the next section. We should note that using the estimators proposed
in Section 5.2 eliminate the sector differences anyhow, making them both irrelevant for
our analysis.
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Figure 3: Average Tobin's g and ROI by average number of patent applications
(all available years) over industries and size
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5.2 Multivariate Results

Turning to the multivariate analyses, Table 4 shows the output of the fixed effects panel
regression models on Tobin's g and ROI.10

Starting with the general characteristics of the firm we can see from the table that there
seems to be no effect of R&D productivity (R&D expenditures per sales) on market
value as measured by. An explanation might be that R&D expenditures are an input
into the innovation process and may only be a very noisy indicator of the actual tech-
nology base, which should be much more related to the output measures of innovation
(i.e. patents). With respect to ROI R&D has a negative effect, which can be explained

10 We should note that industry-specific effects are absent from the model, because they drop
out by using the fixed effects estimator. This does not mean that they remain uncontrolled,
rather they simply cannot be identified.
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by the fact that R&D expenditures are at least partly instantaneous costs11 reducing
profits, for example for the payment of R&D personnel.

A positive coefficient can be found for the sales indicator, meaning that sales per em-
ployee significantly influence market value. The effect is clearly to be expected, be-
cause higher labor productivity should increase the returns for the share-holder both in
the short and the long run.

Furthermore, a negative effect of firm size on market value can be found, which could
already be observed in the bivariate results, which implies that, holding all other factors
constant, an increase in the number of employees leads to a decline in market value. It
may indicate a distaste of the financial market for firms that become increasingly large.
However, this seems to be more an effect on the stock markets alone, because no re-
lationship can be observed with respect to the Return on investment. On the contrary,
the sales indicator has a positive effect on ROI.

11 This does not hold for R&D investments, which become costs via depreciations only in later
periods.
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Table 4: Results of the fixed-effects panel regression model
Tobin's q ROI
Coef. S.E. Coef. S.E.
Firm-efficiency measures
R&D (in m)/Sales (in m) 0.033 0.863 -0.535 ***  0.093
Sales (in m)/#emp 2.928 *** 1.059 0.150 ***  0.057
Number of patents
#EPO applications (in k) -0.135 0.275 0.005 0.012
Patent characteristics
grant share (lagged 5years) 0.182 0.116 -0.002 0.009
withd_share 0.402 * 0.213 0.005 0.018
refd_share 1.278 1.334 0.055 0.077
opposed share -1.091 ** 0.481 0.107 ***  0.035
avg # fw cit 0.069 *** 0.022 -0.001 0.002
avg # bw cit 0.002 0.007 0.000 0.001
family size 0.104 *** 0.025 0.005 ***  0.002
avg # inventors -0.078 ** 0.036 -0.001 0.002
Size
# employees (in k) -0.006 ** 0.003 0.000 0.000
Constant 0.350 0.363 0.055 ** 0.022
Time-Dummies YES YES
Number of companies 388 383
Observations?® 2,281 1,952
R? within 0.172 0.270
F 9.31 *** 12.65 ***

Significance Level: ***p<0.01, **p<0.05, *p<0.1, 3 the difference in the number of observations
can be explained by the fact that we use an unbalanced panel, in which data for some observa-
tions in the respective years could be missing

Turning to the patent indicators, no significant effect can be found for the mere number
of patent applications on firm market value, which, possibly indicating that the simple
size of the patent portfolio is only an incomplete measure of the technology base, cor-
roborates the bivariate results. The value indicators, on the other hand, influence mar-

ket value strongly. In particular, this is true for the family size, which affects both To-
bin's g and ROI. In fact, this is something to be expected, because the family size is a
rough measure of potential market size for the patented invention. The larger the fami-
ly, the larger is also the market. Furthermore, since it is costly to uphold patents at sev-

eral patent offices because of renewal fees, the family size should indeed measure an

economically substantial value.
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The number of forward citations is positively related to the Tobin's q but not to ROI.
This may be interpreted in several ways. On the one hand, it may indicate that market
expectations may diverge from actual financial performance of a firm in terms of con-
temporaneous profits. On the other hand, it may also mean that the market perceives
signals about the technology base that have not yet become relevant for actual profits,
even though they may become so in the future.

A negative effect can be found for the average number of inventors for the Tobin's q
but not for the ROI. Thus, unlike what was hypothesized in H2g, the argument that
many inventors reflect a broad knowledge pool seems to be unimportant with respect
to contemporaneous profits, while respect to Tobin's q, the markets may even fear that
too many cooks spoil the broth. This is also backed by the assumption that many in-
ventors reflect large possibly spatially and organizationally distributed teams, inducing
market fears about additional transaction costs.

In line with H2dii, the share of withdrawn seems to affect Tobin's q positively. Thus,
instead of seeing withdrawals as anticipations of refusals, it should be realized that
financial markets regard withdrawals as positive events. Once again we should note
that even a withdrawn patent may have had considerable strategic value during the life-
time. Thus, markets seem to value also a strategic decision to withdraw, when uphold-
ing is not necessary. Another explanation could be that withdrawn patents measure the
effectiveness of the firm in creating a valuable patent portfolio, which also implies with-
drawing patents that are not promising for the future development of the firm. On the
contrary, the hypothesized negative relationship between refusal and financial perfor-
mance (H2di) cannot be observed.

A very interesting effect is connected to the share of oppositions, which influences
market value negatively, but is significantly positive for the ROI. Comparable results
can be found in Haussler et al. (2009), where obviously it is true that the markets ob-
serve an opposition is a potential thread. However, taking into consideration that the
costs of raising an opposition are only taken with respect to inventions that are valuable
enough to justify the efforts, the actual profits actually are positively correlated to this
event. A similar result has already been found by Allison et al. (2004). In a dynamic
perspective, this does not necessarily mean that markets react inefficiently. It rather
indicates a difference in perspectives. While oppositions might be positively correlated
to contemporaneous profits (because they indicate valuable inventions), they may also
imply bad news for future profits, which may be endangered. This indeed suggests a
dual role of oppositions as a value indicator. At the very least, it implies that the infor-
mation contained in them is contingent on the measure of financial performance, imply-
ing that H2e is only confirmed for the ROI but rejected for Tobin's q.
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Concerning the explanatory power of the models, we find quite a high R? of 0.172 for
the model on Tobin's g and an even higher R? of 0.270 for the model on the ROI.12
Leaving out the control variables leads to a decline of 0.067 in the Tobin's g model and
of 0.150 in the ROI model, which still gives some evidence on a distinct predicting
power of the patent indicators taken alone.

Anyhow, a statistically significant F-test on strict exogeneity (F=4.21***) revealed that
the abovementioned model may be plagued by estimation problems. Therefore, the
same model was calculated again as an instrumental-variables two-stage least squares
regression model, which only needs sequential exogeneity (see Section 4.2).

In fact, this model yields similar results to previous one. Controlling for endogeneity, the
effect of sales per employee on market value becomes insignificant. The same counts
for the number of inventors. However, a significantly positive effect can be found for our
proxy for R&D productivity, at least in the model on Tobin's q. Additionally, a small but
significant negative effect for backward citations can be found. So at least at the firm
level, backward citations rather seem to restrict a patents value than they indicate a
technological breadth, which the original idea of Harhoff et al. (2003).

It is interesting to see, that in this model the number of patent applications has a small
but significant effect on the Return on Investment, which means that size of a patent
portfolio at least has some (even if weak) predicting power. Additionally, a significant
but very small size effect can be found.13

With respect to explanatory power we find an R? of 0.091 for the model on Tobin's q
and an R? of 0.159 for the model on the ROI. This should, however, not be interpreted
as a drop in predicting power, since we have to bear in mind that in the instrumental
variables regression model R? does not reflect a split into explained and unexplained
variance as in a simple OLS-regression and is therefore hard to interpret.

Summing up the above mentioned results of the regressions, we find results that con-
tradict the hypothesized the relationship for the positive effect of backward citations
(H2b), which are negative for both ROI and Tobin's q in the second model. Further-

12 The low R? for the Tobin's ¢ model as compared to the ROl model could be explained by
the fact, that general market fluctuation are not taken into account. Yet, this is not of partic-
ular interest for the study but can be seen as a subject for further research.

13 As can be seen from the bivariate analyses, there seems to be an inversed u-shaped rela-
tion between firm size and ROI. Including a quadratic size effect could shed some more
light on this interrelation. But this is not of particular interest for this study.
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more, number inventors show a negative relation to Tobin's q in the first model, tenden-
tially implying a rejection of H2g.

We find contradictory ambiguous results for the oppositions, which are positive on ROI
but negative on Tobin's g in model one. Thus H2e would be accepted for the latter but
rejected for the former indicator.

Due to a lack of statistical significance in all models, we would neither confirm nor re-
ject H2c (positive influence of share of granted patents) and H2di (negative influence of
share of refused patents).

With respect to H2dii (unknown effect of withdrawal shares) the results indicate that
there is a stable positive effect on Tobin's g, implying that withdrawals should not be
understood as anticipated refusals.

With respect to several indicators we can confirm our results. In particular, this is true
for family size which is positive for both indicators in the first and for Tobin's q in the
second model, leading us to accept H2f. Furthermore, a relatively stable relationship is
found for forward citations and Tobin's q, implying an acceptance of H2a. Furthermore,
there is a slight positive effect of patent counts on the Return on investment in the
second model, leading us to accept H1, even though the evidence is admittedly weak.
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Table 5: Results of the instrumental-variables regression model
Tobin's q ROI
Coef. S.E. Coef. S.E.
Firm-efficiency measures
R&D (in m)/Sales (in m) 5.076 ** 2274 -0.819 ***  0.175
Sales (in m)/#emp 1.442 1.447| -0.035 0.108
Number of patents
#EPO applications (in k) 0.681 0.525 0.076 * 0.041
Patent characteristics
grant share (lagged Syears) 0.038 0.194 0.011 0.015
withd_share 0.877 *** 0.303 0.005 0.024
refd_share 0.767 1.224 0.023 0.095
opposed share -0.720 0.761 -0.046 0.059
avg # fw cit 0.092 *** 0.022f -0.002 0.002
avg # bw cit -0.039 *** 0.013f -0.002 ** 0.001
family size 0.116 *** 0.026 0.001 0.002
avg # inventors -0.013 0.052f -0.007 * 0.004
Size
# employees (in k) -0.020 ** 0.010f -0.002 ** 0.001
Constant 0.066 ** 0.031 0.002 0.002
Time-Dummies YES YES
Number of companies 331 331
Observations 1,636 1,649
R? within 0.091 0.159
Wald Chi? 230.0 *** 236.3 ***

Significance Level: ***p<0.01, **p<0.05, *p<0.1. Note that in the instrumental variables regres-
sion model R? can be below 0 and above 1, which has to be considered for the interpretation.
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6 Summary and conclusion

The main aim of the current study was to shed light on the question of how far the
technology base of a firm can influence its financial performance in terms of market
value and profits.

For the analysis, a large international firm database was created that contains informa-
tion on financial performance, R&D expenditures, patenting behavior and indicators for
the value of the companies' patents.

To sum up the results of the multivariate models, the mere number of patent applica-
tions does not seem to be a very good predictor of firm performance, although a signifi-
cantly positive but small effect can be found on Return on Investment. For the value
indicators, forward citations and family size seem to be most promising indicators of
patent value at the micro level of the firm, although the results for forward citations do
not hold for Return on Investment. Some interesting results come up for the share of
withdrawn patents as well as for the share of opposed patents. Especially, the contra-
dictory resulty of opposed patents for Tobin's g and ROI hint at conceptual differences
between these indicators of financial performance. We should always make ourselves
aware that the ROI is measure of contemporaneous profits, while Tobin's q is a meas-
ure of expectations about future profits. Bearing that in mind, it is even economically
sensible that oppositions have contradictory effect, depending on the measure. We
regard this also as a reunification of the contradictions that have been made in Hauss-
ler et al. (2009) and Allison et al. (2004). Eventually, we would argue that both are right,
arguing for a reconciliation. However, it depends on the measure of financial perfor-
mance.

Some potential for further research remains. In particular, it could be shown that inter-
industry differences exist for the association between patenting and firm performance,
which were not of particular interest here. The same holds for country differences in the
number of patent applications at the EPO, which could be particularly important for
family size, since firms from countries with large home markets tend to have smaller
family sizes.
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