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Overview 1

Overview

This thesis consists of �ve essays on the management and economicsof patents. I em-

pirically analyze strategic patenting behavior and speci�cally the role of three impor-

tant economic phenomena which in�uence the corporate use of patents: technology

standards and the process of standardization, technology exchange and patent licens-

ing, and incidences of unauthorized reproduction of companies' proprietary technol-

ogy (product piracy).

Part I: Strategic Patenting, Technical Standards

and Technology Exchange

The �rst paper, �Patent Claim Amendments as the Result of Strategic

Patenting and as a Driver for Patent Value� , studies the e�ect of strate-

gic patenting motives such as the protection motive, the blocking motive and the

technology exchange motive on the characteristics of a company's patent portfolio.

Strategic patenting has been identi�ed as one of the most important drivers for the

increasing use of patents, especially among large corporationsin the 1990's (see for

example Cohen et al. 2000, Hall and Ziedonis 2001). In this paper we go beyond

analyzing the e�ect of strategic motives on the number of patent applications and

study how di�erent motives i) are connected to certain parameters of the application

process and ii) how these parameters relate to the outcomes � forward citations as a

proxy for patent value � of the patenting process.

First, we look at the frequency of change requests (�amendments�) to the originally

�led claims. We expect a positive relation between patenting for exchange reasons

and the incidence of amendments, since these allow the applicant to shift the exact

scope of a patent application to �t the potential demand in themarket for technology.

Furthermore, a higher number of amendments proxies an aboveaverage e�ort in the
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(ETSI), a major SSO responsible for widely used standards like GSMor UMTS. The

information on �essentiality� is matched to a database of all patent applications in

the relevant classes of the International Patent Classi�cation(IPC), containing infor-

mation on procedural EPO data such as the number of amendments, claims, citations

and relevant dates like application and grant/refusal date.The construction of the

control sample is done by a one-to-one matching approach, where the matches each

have the same IPC subclass, the same �ling month, and the same applicant. The

methodology includes paired t-tests for the claims, amendments and other parame-

ters as well as non-parametric and semi-parametric survival models to analyze the

pendency times.

Results strongly corroborate the hypotheses by showing signi�cantly higher outcomes

in the �essential� patents group compared to the control groupfor the number of

claims, amendments, and other parameters of interest such as opposition rates, for-

ward citations as well as for the share of divisionals. Survivaltime analyses show

that the characteristics which are found to be prevalent among essential patents are

responsible for longer pendency times. We conclude that the relevance for a standard

increases the incentives of strategic applicant behavior with the objective of slowing

down the application process.

The �ndings reveal important insights on the interactions between the economic

institutions of the patent and the standardization system. Theyhighlight aspects

in which a stronger cooperation between both institutions should be established in

order to prevent creating incentives for applicants which could harm the technological

development and which could endanger the common goal of promoting economic

growth and welfare.

In chapter 1 the technology exchange motive was identi�ed as an important aspect

of corporate patent �ling behavior. The paper“Patent Cross-Licensing, the In-
fluence of IP Interdependency and the Moderating Effect of Firm Size”
analyzes the relevance of technology exchange for di�erentcompanies in greater detail

and investigates driving factors of companies' motivation toengage in cross-licensing

transactions. In recent years, the academic literature on licensing has grown rapidly

(e.g. Anand and Khanna 2000, Arora et al. 2001, Arora and Fosfuri 2002, Arora and

Ceccagnoli 2006, Arora 1997, Fosfuri 2004, Kim 2004). However, the focus has been

mostly on the incentives for licensing out technology and on the implications for in-

novation incentives or market structure. Studies addressing cross-licensing, that is
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The main contribution of the paper is an extension of the analysis of factors on �rms

and industry level which have been identi�ed in the literature as important for cross-

licensing to a broad sample of �rms in various size classes and sectors. This paper thus

avoids the limitations of the majority of previous research on cross-licensing which

focuses on speci�c (complex) industries or certain size classes only (Grindley and

Teece 1997, Hall and Ziedonis 2001, Anand and Khanna 2000, Nagaoka and Kwon

2006). An additional novel point is the analysis of the interrelationship between �rm

size and IPR dependency. The paper thus adds some new insights to the discussion

of cross-licensing and technology exchange in general.

Part II: Patenting and Product Piracy

The phenomena of product piracy and counterfeiting have received increasing atten-

tion in the public debate. A widely known OECD report (OECD 2007) states that

the volume of international trade in tangible counterfeit goods �could have been up

to US-$ 200 billion in 2005�. Recent updates of this report (OECD 2009) indicate

that this trend is going to prevail in the coming years. However, there is very scarce

scienti�c literature on the economic implications. The reasons for this include the

lack of reliable data on a clandestine activity such as illegalcopying. The two pa-

pers in the part �Patenting and Product Piracy� of this thesis try to �ll part of this

research lacuna.

The paper �Risk Factors and Mechanisms of Product Piracy� examines the

relationship of a �rm's strategic framework and its business environment with the

probability of becoming the target of unauthorized imitation. Using original sur-

vey data among around 200 German �rms we present extensive bivariate descriptive

evidence and conduct multivariate approaches in order to shed some light on this

issue. We use di�erent de�nitions and empiric operationalizations to approach the

phenomenon of �product piracy�. The �rst refers to incidences of unauthorized re-

production of product features, regardless whether the features were actually legally

protected or not. The second referred to actual infringementin the legal sense. Fur-

thermore, we distinguish between the copying of technological elements of a product

and the imitation of brand names and labels. We empirically examine the role of

�rm's intellectual property protection strategy (use of brands, patents or informal

protection methods), its general strategic business positioning (e.g. international
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sales activity or production facilities) and factors exogenous to the individual �rm

such as industry characteristics. Furthermore, we discuss mechanisms of piracy, ana-

lyze how business operations induce �enabling� and �signaling� e�ects and how these

in�uence the likelihood of being illegally imitated. Enabling e�ects refer to implica-

tions of speci�c company behavior which can provide potential illegal imitators with

technological information about the copied product. An example is the disclosure of

information in patent documents or the di�usion of information via a �defensive pub-

lication� strategy. Signaling e�ects refer to actions by theoriginal producers which

indicate the discovery of new technological elements (e.g.,signaled by new patent

application) or the introduction of a new product or product line (e.g., signaled by

a new trademark registration).

We �nd that a �rm's general strategy alignment seems to matter more than the use

of formal IP rights in avoiding unauthorized reproduction or infringement incidences

with respect to technical elements. Especially strategic behavior which bears the

risk of potential information leakage (defensive publication, participation in stan-

dard setting activities, R&D activities out the home market) increases the likelihood

of (illegal) imitation. Companies should be aware of the consequences their strate-

gic decisions can have for their intellectual property and carefully design a holistic

protection approach to minimize potential damages. The results highlight the need

for a certain harmonization between brand and patent strategies and the need for a

tight coordination between di�erent (formal or informal) I P protection instruments.

The contribution of this paper is one of the �rst systematic analyses of the risk factors

for �product piracy� in the economic literature. Although th ere are some limitations

of our approach such as the measurement problems for product piracy and the use

of self-reported data by survey participants, the results provide some insights which

can help to get a better understanding of this important topic.

The last paper of this thesis, entitled“An Empirical Analysis of the Effect of
Product Piracy on Corporate IP Strategy”, builds on the previous chapter and

takes a dynamic perspective on the same topic. I analyze how cases of unauthorized

reproduction (�product piracy�) of a company's technological elements in�uence the

subsequent intellectual property protection strategy of around 200 German manufac-

turing companies. In speci�c, I examine whether product piracy induces a stronger

use formal IP strategies such as patents or whether a shift to informal protection

mechanisms occurs. Using a propensity score matching approach, I compare compa-
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the ones which invest heavily in R&D on this speci�c topic and donot only patent

to block competitors in a �eld they do not necessarily regard ascrucial for their

own technological progress. These subsequent research �ndings can lead to a need to

amend the application after the actual �ling date. For these reasons we hypothesize:

Hypothesis A-1: Companies with more pronounced protection motives

will, on average, use amendments more frequently.

A blocking strategy can be achieved by di�erent means. One is togenerate uncer-

tainty among competitors which is expected to prevent them from entering speci�c

technological �elds. Another would be to target certain patents and block them

from covering certain subject matter. In theory, both measures could be achieved

by amendments. Uncertainty is generated by theex postchange in the claims and

for targeting speci�c technology �elds, the instrument of amendments allows appli-

cants to �ne-tune their blocking patent. Therefore, amendments are expected to

be more frequently observed among companies which use patentsas a blocking de-

vice. However, there is empirical evidence that blocking happens more over quantity

than quality. Noel and Schankerman(2006), for example, �nd that greater patent-

ing activity by a �rm reduces a rival's patenting activity, R &D and market value.

In line with these �ndings, one would assume that exact claims targeting is not a

dominant strategy. This seems even more plausible when taking into account that

there is substantial information asymmetry between the company and the rival to be

blocked, especially in o�ensive blocking. The blocking company has less information

about the exact technological features of the �target�. Targeting special features by

amending applications will, thus, not be feasible for information reasons. To block

di�erent competitor patents, the company will, therefore, have to �le many di�er-

ent applications. This reduces theaverageincidence of amendments.6 We therefore

conclude:

Hypothesis A-2: Companies with more pronounced blocking motives will,

on average, use amendments less frequently.

Companies active in technology exchange have an additionalaspect to bear in mind:

the demand on the market for technologies. This could mean, inaddition to the

rationales elaborated under the protection motive, an incentive to incorporate aspects

6In addition, a single application can only be amended within the originally filed scope of the
claims. This means that there are also legal constraints to blocking competitors by building on
amendments. This stresses the importance of filing many different blocking patents.
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mentioned before, if a patent is cited often, the knowledge embodied in the patent is

relevant for subsequent technological developments (Ja�e et al. 2005).8 It follows that

strategies which explicitly aim for the produced patents to be connected with other

patentable inventions (e.g. for patent exchange or for blocking reasons and more

explicitly via the use of amendments) a�ect citation frequency. What exactly does

this mean for the impact of amendments and di�erent patenting strategies discussed

in section 1.2?

Amendments

Some arguments stated above are also relevant when discussing thee�ect of amend-

ments on citation frequency. We have argued that applications for highly important

patents are likely to be �led at the earliest time possible. Thiscan make subsequent

changes to the application necessary. As a consequence, amendments are likely to

coincide with higher forward citations. Furthermore, the argumentation regarding

a possible ��ne-tuning� of claims, be it for blocking reasons or for the purpose of

reacting to the demand on the technology market, implies that amendments, which

are the strategic instrument used to change claims, should be associated with higher

citations if this �ne-tuning generates patents of higher value.

One could argue that amendments in the patenting process playa similar role just

as revisions in the peer review process in the scienti�c community. An amended

patent application would, in this analogy, be the revised version of a scienti�c pa-

per which is presumably of higher quality than the original draft. Of course, one

can also argue that excellent articles (highly inventive patent applications) will be

accepted (granted) without the need for further revisions (amendments). In this

sense, a higher number of amendments would be associated with a lower value of

a patent, since more �revisions� are needed before the application can be granted.

To disprove this objection, we stress the following aspects. First, our argumentation

focuses on voluntary amendments rather than amendment requests by the examiner.

This means that the applicant always has an incentive to improve the application,

irrespective of the initial patent quality.9 Here, the analogy to the paper review pro-

cess fails, since the change requests (�revise and resubmit�) do not come from the

8In assessing the validity of this view, one should bear in mind that most citations at the
European Patent Office are not added by the applicant himself, but by the examiner. It is, therefore,
not ensured that the applicant has actually read all cited patents. Nevertheless, it is assumed that
the applicant is aware of the knowledge embodied in the cited patent.

9This argument implies that the progression of the function quality-amendments is identical for
different quality starting levels.



Part I: Strategic Patenting, Technical Standards and Technology Exchange 23

strategy. Furthermore, analyzing the citations of granted patents could be mislead-

ing. A blocking strategy does not necessarily mean that a company is seeking to

have a patent granted. It is su�cient to �le an early applicati on and to keep this

application pending for a long time (Henkel and Jell 2009). Once the technological

development has advanced, the company can withdraw the application, save exam-

ination and grant fees and still manage to block the competitor. In summary, we

can conclude that there are two competing views on the e�ectsof blocking on the

number of citations.

Blind et al. (2009) furthermore analyze the exchange motive and argue that compa-

nies have the incentive to boost up their portfolio to secure a high bargaining power in

future licensing negotiations. This applies, above all, to technological environments

with high (cross-)licensing activities. This concentration onthe number of patents

could lead to lower average citations. However, it is also possible that companies

which patent for technology exchange reasons want to foster their technological im-

age and therefore generate more high quality patents. This isspeci�cally relevant for

smaller �rms active in out-licensing technology as opposed to large multinationals

which merely secure their freedom to operate by cross-licensingentire patent portfo-

lios. The former group of companies primarily consists of small,specialized, research

oriented �rms. As they lack complementary assets, they usually do not focus on the

production of the �nal product and are therefore dependent on out-licensing their

patents. This view would imply a higher average value and quality of patents. Re-

turning to the view of citations as a di�usion measure, they could here be seen as the

result of a company's external technology commercialization strategy. If this strategy

is successful, other inventions will build on the original patent and thus (presumably)

cite it. A third argument stresses that external commercialization tends to be more

important when it is embedded in the overall technological trajectory. If this embed-

dedness is high, it will also result in higher citations. This higher citation frequency

would thus not be caused by the exchange motive. It is endogenous to a scattered

IP landscape which both leads to stressing the exchange motive inpatenting and to

higher citations.10 We can thus sum up that we expect the exchange motive to be

positively associated with citations.

10In the regression models, we control for industry characteristics attemptingto rule out this
endogeneity issue.
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Dependent Variables

We use company patenting strategies to explain two di�erent aspects. The �rst is

the number of amendments, extracted from internal EPO databases and the second

is the number of citations received within three years extracted from the OECD

citations database. For data availability reasons regardingthe amendment data, we

can only rely on applications with �ling dates between 1998 and 2002. We identi�ed

all applications �led in these years which have subsequently been granted. We then

extracted the average number of amendments for these patents.12 On average, the

mean number of amendments in the company portfolio is sightlylower than 1 (.89).

The median is approximately the same, which implies a rather symmetric distribution

of this variable.

Furthermore, we run regressions explaining the average number of forward citations

in a company's patent portfolio. To avoid a bias resulting from the di�erent �times at

risk� � i.e. the fact that applications �led at an earlier poin t in time have a longer time

during which they can be cited � we restrict the citations to the ones received within

the �rst three years after publication. The distribution of the citations is skewed -

most companies receive very few citations or no citations at all. This observation has

implications for the choice of the regression method (see section 1.4.2).

Independent Variables

The construction of the motive variables is based on nine di�erent patenting mo-

tives covered in the company survey. Respondents were asked to rate the motives

on a �ve-point scale from 1, for not important, to 5, for very important. In order

to condense the information, the motives were grouped into three categories based

on their similarity and their statistical correlation (protection, blocking, exchange;

see table1.6 in the appendix andBlind et al. 2009). The protection motive includes

�protection from imitation� as well as �securing market shares� on national, Euro-

pean and non-European markets. It is calculated as the averageassessment of all

answers in this group. The blocking motive is measured as the average of �o�ensive

blocking� (de�ned as preventing competitors from the application of technological

developments and taken directly from assessments of the questionnaires) and �defen-

sive blocking� (securing freedom to operate to develop one's own technology without

12Our database does not allow us to distinguish between voluntary and requested amendments.
An analysis of the voluntary amendments only would have raised the quality of this study. However,
as discussed in section 1.3.1, the joint analysis of voluntary and requested amendments can be
justified and need not be problematic.
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Two-Stage Regression

In this section, we present additional regressions in order to address a potential econo-

metric issue. In table1.4, we include both the patenting motives and amendments

as explanatory variables. However, as the previous section hasshown, the patenting

motives also a�ect the amendments themselves. This causal structure would result

in a kind of simultaneous equation system of the following form:

Citations = � 0 + � 1ProtectionMotive + � 2BlockingMotive+

� 3ExchangeMotive + � 4Amendments + X� + e
(1.1)

Amendments = � 0 + � 1ProtectionMotive + � 2BlockingMotive+

� 3ExchangeMotive + X� + u
(1.2)

In this situation, the amendments serve as a control variable in Equation 1.1 to

estimate the e�ect of patenting motives and also are the outcome of the motives in

Equation 1.2. In this case, the amendments are an endogenous control variable. To

deal with this situation, we use atwo-stage model: In the �rst stage, we use the

motive variables as well as the control variables as regressors on the amendments.

The second stage regresses the motive variables as well as the predicted values for the

amendments from stage one on the citations. We take this additional step primarily

to assess the in�uence of the motives, not the amendments, because in the regressions

in table 1.4 the amendments are an outcome of the motives. For the coe�cient of the

amendment variable, this problem does not exist, because the motives are obviously

not an outcome of the amendments. However, as a by-product, we can also assess the

endogeneity issue, which would exist if the underlying expected value of an invention

would cause both more citations and the decision to �le amendments.

In the �rst stage, we need an instrument which is not part of the second stage

regressions, but correlated with the amendments. Here we use the average share of

X citations in the patent portfolio. This variable is especially suited, since we know

from table 1.3 that it has a signi�cant in�uence on the number of amendments.18

18The instrument would not be suitable if it is itself correlated with the citations. As X references
indicate lack of novelty they could be negatively associated with the patent value. We argue that
this is not the case, because the appearance of X references is to a large extent induced by the
drafting of the application by the patent attorney (e.g., by claiming a too broad scope) and not
necessarily systematically associated withe the patent value.
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could thus help to moderate these transaction costs. This ambiguity of the impli-

cations of amendments are even more articulate when we take into account that

amendments themselves are also associated directly with higherlevels of citations.

We therefore face a dilemma, since desirable patenting motives imply higher uncer-

tainty. In the light of these results, the EPO decision (see footnote 5) to limit the

possibilities for amendments and to require the applicant to identify the changes in

claims is reasonable in terms of eliminating undesirable uncertainty in the patent

system, but might come at the cost of lowering the value of some patents. It may

also pose problems for technology providers in technology markets, because they are

restricted in shaping their patents to match the preferences of companies looking for

certain technology.

Further research on this trade-o� seems promising for both scienti�c reasons and

policy implications.
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Chapter 2

Keep ’Em In, Make ’Em Fit - An
Analysis of Filing Behavior for
Essential Patents in Standards

Abstract This article addresses companies' �ling behavior for
patents which are part of technology standards (�essential patents�).
We analyze why and how standardization induces applicants toex-
ploit the �exibility within the patent application process. F irst, we
discuss applicants' incentives to achieve conformity of patent ap-
plications with the standards under development. Subsequently,
we show how companies try to achieve this �t. Additionally, we
argue that applicants bene�t from delaying the grant decision and
thus keep applications pending to gain �exibility in amending the
claims. For empiric validation, we use new procedural patent data
from the European patent application process. We adopt a one-to-
one matching approach, pairing essential patents in telecommuni-
cation with control patents on the matching criteria of application
time, IPC subclass and applicant name. Additionally, we com-
pare these essentials with patents of companies that do not hold
standard-relevant patents. We �nd higher number of patent claims
and amendments to these claims for the essential patents as well
as di�erences in a number of other parameters. Using survival
analysis, we show that essential patents have signi�cantly longer
pendency times, with lower hazard rates caused by the higher num-
ber of amendments, claims, share of X references and other fac-
tors. We discuss implications and address the detrimental e�ects
caused by the these �ling strategies. Possible solutions such as
better coordination e�orts between standardization and patenting
organizations are devised.



Part I: Strategic Patenting, Technical Standards and Technology Exchange 40

the patent's value, either in the form of an increased market and bargaining power in

negotiations with competitors or in the form of royalty payments since �rms willing

or having to implement the standard have to license the relevant IP. The goal of

applicants is thus not necessarily always to obtain the broadest protection possible,

but to achieve an exact �t with the expected standard. How can applicants achieve

this conformity? As pendency times are getting longer in patent o�ces around the

world (WIPO 2009) and as the development of standards can be a matter of years,

companies make use of the possibility to change their initially�led claims. This is

perfectly legitimate if the examiner opposes certain claimsor requires the applicant

to adapt the application to make it patentable. On the other hand � and this could

be the case with patents relevant for standards � applicants can try to strategically

shift the exact protection of the patent, if they become awareof decisions in the

standards committee which could lead to certain technological speci�cations. An

example is the famous Rambus vs. In�neon case, in which the trial record of the US

Court of Appeals for the Federal Circuit showed that Rambus explicitely changed

the patent claims in order to cover SDRAM technology under standardization at the

JEDEC standard-setting body (Chiao et al. 2007).

Furthermore � and this leads to the time dimension which has so far received sparse

attention in the literature 3 � applicants have an incentive to keep the application

pending in order to adapt the claims or cut them back to the ones necessary for the

patent to be essential. In the context of standards, this incentive, however, might

change depending on the progression of the standards development. At the beginning

of the process, with high uncertainty about the future standardspeci�cations, it is

crucial to keep the application pending to preserve room for maneuver. However,

once a standard has been de�ned, it is of utmost importance to have an essential

patent �xed so that a share of the standard's licensing fees can beclaimed.

The aim of this paper is to illustrate that the participation in standardization ac-

tivities can have a strong in�uence on the patenting and application behavior both

concerning the scope of protection and the time to grant. In the following we will

analyze three groups of aspects and the according hypotheses:

First, we will address the application process of essential patents. We hypothesize

that, in business environments where standards are important,applicants have an

increased incentive to draft �lings with high numbers of claims (proxying a broad

use or operate equipment or methods which comply with a standard without infringing that IPR.
(Annex 6 of the ETSI Rules of Procedure, Article 15.6)

3An exception is Harhoff and Wagner (2009) and van Zeebroeck (2008), but both address the
strategic implications only marginally.
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Figure 2.2. Average number of claims in treatment and control group

with the assumption that applicants draft the �essential� applications relatively broad

in order to cover certain standard-relevant subject matter.18

After having analyzed the static view of claims and citations, in a next step we

turn to the dynamics of the claims and analyze how often applicants change the

set of claims, possibly in order to achieve a better �t with the expected standard.

As Figure 2.3 clearly shows, the average number of amendments is higher in the

treatment group (on average 1.5 amendments compared to 1.2); similarly the share

of applications which are amended more than two times almost doubles in the group

of essential patents. This supports our view that (multiple) amendments can be seen

a strategic tool which is important for adapting the own patent application to an

evolving standard.

A further strategic instrument to keep the examination processof patentable subject

matter pending and at the same time increase the mere number of patents which

could be relevant to a standard is the �ling of divisional applications. Comparing

the share of divisional applications among essential patents with the share among

patents of �rms not holding essentials in the same IPC subclass, we see a share of

18Another theoretical argument on citations measures can be assessed in this context: potentially
essential patents are highly embedded in the standard-setting process and could be expectedto make
more references to technical documents outside the patent literature. These can be measuredby the
share of non-patent references in the search report. We detect, however, no signi�cant di�erences in
overall non-patent literature references or in references to non-patent literature that are considered
as an X document. The most likely explanation is that the integration in scienti�c work outside
the patent literature is technology-speci�c (and high in ICT compared with other I PC classes) and
not explicitly related to standardization. We thus do not detect di�erences between our treatment
and control group.
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(1) (2)
Cox-PH Model AFT-Model

Application �led in 1998 or 1999 -0.651*** 1.308***
(i.e. prior to Release 99 freezing date) (0.194) (0.0818)

Number of Amendments -0.327*** 1.125***
(0.0790) (0.0282)

Divisional Patent -0.441 1.367**
(0.402) (0.178)

PCT Route -0.249 1.180**
(0.240) (0.0947)

Number of Claims 0.00406 1.001
(0.00621) (0.00208)

Number of Patent Refs. -0.0601 1.010
(0.0499) (0.0158)

Number of Non-Patent Refs. 0.0634 0.952
(0.100) (0.0322)

Share of X Refs. -0.545* 1.174*
(0.297) (0.113)

Number of Forward Citations 0.0306 0.993
(0.0213) (0.00613)

Observations 156 156
Exits 156 156
Log Likelihood -614.0 -53.39
LR � 2(9) 42.69 53.74

Standard errors in parentheses; * p < 0:1, ** p < 0:05, *** p < 0:01

Table 2.2. Estimation results for survival analysis of UMTS relevant applications with dummy
variable indicating a �ling date prior to Release 99 �freezing date�
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existing technology.5 In such a setting, intellectual property rights like patents can

inhibit the innovative activity of �rms. As a result they are for ced to share patents

via institutions like patent pools or cross-licensing agreements.

A connected, but slightly di�erent concept is the technological complexity of an

industry (Cohen et al. 2002). As mentioned before, an industry is a �complex� one,

if a high number of di�erent patents, potentially held by di�e rent companies, is

needed to commercialize a given product. This fact, again, leads to a necessity of

an interchange of patent rights. The issues of �sequentiality� and �complexity`� are

quite similar and they both lead to the proposition that �rms which have to rely more

heavily on competitors' IP (possibly because they operate in certain industries namely

electrical engineering, computers, semiconductors) will posea higher importance on

cross-licensing. In other words:

Hypothesis 2: The importance of cross-licensing rises with the dependency

of other IP holders.

The two hypotheses stated above are quite straightforward. In the following I argue

that �rm size and IPR dependency must not be considered independently from each

other. On the contrary, I hypothesize that the in�uence of IP dependency on the

propensity to cross-license changes with �rm size. My reasoning draws on three

factors that in�uence the likelihood of a company engaging in cross-licensing when

its dependency on competitors' IP is high: previous experience in licensing issues,

the feasibility of an alternative �workaround strategy� and strategic considerations

of relative market (or rather bargaining) power.

On average, small �rms show a much higher propensity to license out than larger �rms

(Arora et al. 2001), they therefore tend to have previous experience and licensing-

speci�c know-how. If they are in a situation with a high technological interrela-

tionship and functioning markets for technology, they are therefore potentially able

to manage cross-licensing transactions as well as large companies with an own IP

department (and/or even licensing department). However, concerning the trade o�

between licensing and working around a blocking patent, the odds of managing a
5�Incremental� innovation is similar, but not identical to �sequential� innova tion: An incremental

innovation is per de�nitionem a minor improvement over the existing technology as opposed to a
radical innovation which clearly breaks away from the current state of the art. Sequential innovation
only implies that the new concept builds on existing know-how, but does not refer to the inventive
step per se, which can be both small or high. An example for an innovation which is both radical and
sequential is the step in the operating systems from DOS to Windows: the innovation of a graphical
user interface instead of a command line is clearly both radical and sequential (as Windows builds
on DOS).
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Size Class
Industry up to 249 250 to 999 1000 or more Total

employees employees employees
Chemicals and Pharma 4 5 10 19
Plastics 5 4 3 12
Mechanical Engineering 15 26 32 73
Metal Processing 10 6 13 29
Electrical Engineering 28 10 22 60
Consumer Goods 2 8 7 17
Other manufacturing 3 2 4 9
Total 67 61 91 219

Table 3.1. Sector and size distribution of the sample (absolute number of observations)

company database was contacted. The same database was used to identify a relevant

contact person, which was de�ned as the head of R&D, the head ofthe IPR/law

department or � especially for the smaller companies � the �rms'General Manager.

Despite the direct addressing and two reminder letters, a responserate of only 10%

was obtained. A number of �rms were contacted by phone to get further informa-

tion about the reasons for non-participation. Results suggested that in some �rms

there is an increasing reluctance of participating in voluntary surveys irrespective

of the concrete subject. The information collected by phone also suggested that a

non-response bias (e.g. towards more patent-active or licensing-active �rms) seems

not to be a major problem. Table3.1 gives an overview of the size and industry

distribution of the �nal sample. Due to non response and deliberately restricting the

sample to manufacturing �rms there are 219 companies available for the multivariate

analysis further down.

The questionnaire addressed several IPR issues ranging from the useof instruments

for intellectual property protection to licensing aspects and problems with IPR in-

fringement. For this paper, the involvement in licensing activities and especially the

assessment of di�erent licensing motives will be the main focus. The importance

of a number of motives was assessed on a �ve point ordinal scale ranging from one

(�low importance�) to �ve (�high importance�). Only the low est and the highest

value were anchored with verbal labels. If the response levels are assumed to be

equidistant, the scale can be interpreted as interval scale andaverage values can be

interpreted. Figure 3.1 shows the mean values attributed to some of the motives, in

order of overall importance.
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Variable Mean Std. Dev. Min. Max.
Firm Size (ln(Employees)) 6.393 2.104 1.386 11.622
Competition Intensity 4.288 0.781 2 5
Cooperation Intensity 0.493 0.501 0 1
IPR Dependency 2.845 1.29 1 5
Group Affiliation 0.584 0.494 0 1
R&D Intensity 0.11 0.146 0 0.833

Table 3.2. Descriptive statistics of the explanatory variables (N=219)

holds only true for vertical cooperation with suppliers or customers and horizontal

cooperations (with competitors in the industry). In the other two forms (cooperation

with R&D service providers and public research institutes) the �rm takes more the

role of an ordering party which assigns certain R&D tasks to the contractor. Cross-

licensing agreements are rather unlikely to originate from these forms of cooperation.

Cooperation intensity is thus de�ned as a dummy variable with1 indicating a �fre-

quent� or �very frequent� cooperation in any of the other three alternatives. With

regard to the legal status of the �rm the variable group takes the value 1 if a �rm is

a�liated to a national or international group. This informa tion was obtained from

the �rms via the questionnaire. It is included to control for potential organizational

capacities arising from a small �rm being part of a larger groupof companies. The

last variable in the model is R&D intensity. Firms were asked both for their sales

�gures and R&D expenditure. Both statements were apparently(and as expected)

regarded as sensitive data, with corresponding high non-response rates of 30 to 40%.

I therefore proxy the R&D intensity with the ratio of employees in R&D divided

by the overall number of employees. Both �gures were asked in the questionnaire.

Again, the discussion above yielded arguments for both a possible negative as well

as a positive impact on the importance of cross-licensing.

Table 3.2 gives an overview of all variables for the model and corresponding descrip-

tives.

3.4.3 Regression Results

The results of the ordered logit model are presented in table3.3. Four speci�cations

are reported. In the �rst two, the seven industry dummies are included with Elec-

trical Engineering being the reference category. In Model 2 the interaction term is

integrated as one of the model parameters. In Model 3 and 4 the industries are aggre-

gated in only two categories with the dummy variable �Complex Industry� indicating
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teraction of this value and �rm size to account for size di�erences within the sample

(Grimpe and Hussinger 2009). Using these instruments, a River & Voung test and

the Wald-statistic did not hint to the presence of endogeneity.However, the used

instruments itself turned out to be rather weak, limiting the test validity, I therefore

cannot reliably rule out a coe�cient bias due to endogeneityproblems.

3.5 Summary and Implications

In this paper I have analyzed how the importance of cross-licensing changes with

�rm size as well as with the degree to which the �rm has to rely oncompetitors'

IP. I have shown that � even though each of them has an e�ect of its own � the

two variables should not be analyzed separately as there is an interaction e�ect

between them. The e�ect of IP dependency found in this analysis is high for smaller

�rms and subsequently decreasing with �rm size. I argue that thiscan be ascribed

to the lack of means to achieve solutions to work around a blocking technology

to and the experience of out-licensing that smaller �rms tend to gather in order

to exploit their IP e�ciently. Larger �rms, however, have bet ter odds to avoid an

(explicit) arrangement of cross-licensing and, in addition, have better chances to have

an alternative technology in their portfolio.

How can these �ndings be consolidated with the observed high relevance of cross-

licensing among large multinationals in certain industries like electronics and semi-

conductors? Even if the e�ect of IPR dependency seems to be getting lower in larger

companies, the positive size e�ect might be dominant for them. The fact that they

have specialized IP sta� that can deal more easily with complex transactions than

the average General Manager of a smaller �rm makes cross-licensing agreements more

realistic. Additionally, larger �rms do not engage in exchanging particular patents,

but trade entire patent portfolios or sign contracts mutually waiving all possible fu-

ture infringement charges. For smaller �rms, trading an individual patent (or a small

set of patents) might be more relevant. If �rms referred to cross-licensing as an ar-

rangement of trading only particular patents it would be justreasonable to explain

the higher impact of IPR dependency for smaller �rms: it has an impact for them

in terms of a connected higher importance of trading certainrights. For larger �rms

this is less the case because they deal with IP dependency via patent pools or implicit

standstill agreements.
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Cross-licensing as an institution to solve the underlying problem of patent thickets

brings a number of problems and potentially harmful incentives with it. In order to

be in a good position in cross-licensing bargaining, �rms will adapt their patenting

activities in di�erent ways. 15 One option is applying for more patents and seeking

protection for smaller inventions. Another strategy is to seek broader patents by a

suitable design of the patent claims.16 Consequently, patent thickets become even

tighter and �rms potentially achieve to secure unreasonably broad protection which

could be a barrier for subsequent research. These problems couldbe mitigated by

rigorous patent examiners and/or stricter rules concerningapplication procedure at

patenting o�ces. With rising patent applications and a higher work load for patent

o�ces, however, requirements regarding the inventive step are in danger of getting

lower (for the USPTO seeHunt (1999) or Hall et al. (2005)). This could result in

a kind of vicious circle, as the resulting surge in patents increases IP fragmentation,

which in turn raises the need to exchange patent rights.

There are also implications which concern certain �rms only. As a consequence

of tighter patent thickets and the subsequent higher importance of cross-licensing,

smaller �rms could potentially be disadvantaged as they oftenhave a weaker bargain-

ing position compared to large multinational �rms. Since we have seen that smaller

�rms in situations of technological interdependency attribute a high importance to

cross-licensing too, this might be critical to the important role SMEs play for the

technological progress. Institutions like patent pools, wherea number of companies

bundle the relevant patents for a speci�c technology, could help small and medium

�rms to get access to relevant IP without the organizational overhead of multiple

cross-licenses. However, if IP dependency in smaller �rms is only about a limited

number of relevant patents held by a competitor, the cost of joining a patent pool

might outweigh the bene�ts of accessing only a few crucial patents. In order to

reduce the need to cross-licensing in the �rst place, the controversial US Supreme

Courts ruling KSR vs. Tele�ex, which tightened the de�nition of non-obviousness,

or the European Patent O�ce patent quality initiative �Raisin g the Bar�, which is

part strategic renewal process at the EPO (see the EPO's Annual Report 2007) could

potentially be steps into the right direction, as they increase the hurdles to obtain

patents and thus slow down the concentration of patent thickets.

15Supporting evidence for the connection of cross-licensing and the preceding patenting behavior
can be seen in the high positive correlation of the variables on the importance of cross-licensing in
the survey data with the reported importance of technology exchange being a signi�cant motive to
�le patents beforehand.

16A third possibility is delaying the time to grant in order to keep the �exibili ty to adapt speci�c
claims (see Chapters2 and 1 of this dissertation).
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Another point should be addressed here. With high IP fragmentation, companies

have to invest more time and e�ort in monitoring the IP landscape. This has to

be done in two directions: Checking competitors' products forpossible infringement

of own patents and screening a high number of others' patents inorder to avoid

unintentional infringement by own products. This means thathighly quali�ed sta�

has to invest a considerable amount of time in patent monitoring, which ultimately

translates into higher (opportunity) costs for the companies.Of course, it has to be

the natural behavior of an innovative �rm to review the existing state of the art. The

e�ort to accomplish this task in an e�cient manner, however, increases signi�cantly

as patent numbers go up. Especially the problem of an unintended infringement of

another �rm's patent can have severe �nancial consequences asthe business model of

�patent trolls� gets more attractive ( Fischer and Henkel 2009). Firms face the pos-

sibility of exorbitant �nancial claims and longsome lawsuits with �rms who acquire

relevant patent rights for the only goal of suing companies infringing � knowingly

or not � a particular patent. The impact of this kind of �rms on innovative e�ort

is only beginning to become clear as more and more �patent trolls� are developing

their business models.

This study was a �rst attempt to identify the role cross-licensingplays for small �rms

in situations of high technological interdependency. Limitations include the sample

size of just over 200 companies. Further research, with larger samples or for other

countries, could help to con�rm or challenge the �ndings of this paper. However, data

collection would probably require large e�ort, as secondarydata for licensing in small

�rms is rarely available and data has to be collected as primary data. Alternatively,

a case study approach among SMEs might prove useful in order to shedmore light

on cross-licensing among smaller �rms.
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Appendix

Dep. Var: Importance of Cross-Licensing (1) (2) (3) (4)

Firm Size (ln(Employees)) 0.122 0.132 0.146+ 0.283
(1.27) (0.55) (1.60) (1.35)

IPR Dependency 0.368** 0.393 0.378** 0.656+

(2.97) (0.87) (3.16) (1.61)

Interaction (Employees x IPR Dependency) -0.00412 -0.0447
(-0.06) (-0.72)

Competition Intensity 0.250 0.251 0.203 0.231
(1.15) (1.14) (1.02) (1.14)

Cooperation Intensity 0.198 0.202 0.269 0.263
(0.61) (0.62) (0.83) (0.82)

Group A�liation 0.564* 0.566 + 0.573* 0.516+

(1.66) (1.60) (1.74) (1.50)

R&D Intensity 2.182+ 2.182+ 2.292* 2.286*
(1.49) (1.49) (1.80) (1.80)

Chemicals and Pharma -0.293 -0.296
(-0.49) (-0.49)

Plastics -0.315 -0.316
(-0.42) (-0.43)

Mechanical Engineering -0.345 -0.344
(-0.88) (-0.87)

Metal Processing -1.514* -1.520*
(-2.38) (-2.29)

Consumer Goods -0.00552 -0.00963
(-0.01) (-0.02)

Other manufacturing -0.925 -0.927
(-1.05) (-1.05)

Complex Industry 0.663* 0.643*
(1.99) (1.92)

Constant -3.836*** -3.903* -4.709*** -5.622***
(-3.51) (-2.11) (-4.54) (-3.39)

Observations 219 219 219 219
Pseudo R2 y 0.207 0.207 0.184 0.186

t statistics in parentheses; y Aldrich-Nelson with Veal-Zimmermann correction
+ p < 0:15, * p < 0:1, ** p < 0:01, *** p < 0:001

Table 3.5. Estimation results (coe�cients of second panel of ordered logit)
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O�ce survey among both users and non-users of patents shows that more than 80 %

of �rms regard patent information as important or very important for their business.

More speci�cally around 40 % to 50 % consider the technical information in patents as

very important and especially in early phases of the product cycle, i.e. investigating

and developing new product opportunities (EPO 2003). This suggests that patent

information disclosure may help potential (illegal) imitators to copy a successful

product. We refer to this notion as the �enabling e�ect� of a patent document.

This e�ect can be relevant for both types of imitation of technical components: IP

infringement could theoretically arise since the protected know-how is disclosed, but

imitation of unprotected components can also be a�ected. Onereason is that the

patented information is complementary to unpatented technology and thus the patent

document assists in copying the unprotected part. Another reasonis that technology

is patented in one country or geographical region, but due tocost considerations not

always in all other relevant legislations. Thus, using the information of a European

patent to produce goods in the Asian region is not considered IP infringement in our

de�nition. 7

Before a product is copied, a promising �target� has to be identi�ed by the imitators.

Again, the patent system can be useful for the imitator because patent applicants

send a signal to society (and to their competitors) that a new process or product

has been discovered8, which can be used by everybody in the public domain after

the patent has expired. This fact is inherent to the patent system and together with

�aws such as long pendency times, high costs and other uncertainty factors, lead

companies to refrain from using o�cial ways to protect their intellectual property.

They want to avoid the signaling e�ect of a new patent application and to prohibit

competitors from learning about their new research. An alternative strategy would be

a strict reliance on informal protection models like lead time advantage and secrecy on

multiple levels: strict con�dentiality policy with employees, suppliers, or cooperating

�rms. As argued above, a signaling e�ect could be relevant for both unauthorized

reproduction and IP infringement.

Our argumentation above can be summed up as follows: Firms usingpatents to

protect their IP cause a signaling e�ect (with respect to a new invention) and an

enabling e�ect (through information disclosure). They thus run the risk of disclosing

information to potential imitators which could increase theprobability unauthorized
7This is specifically relevant for small or medium-sized companies which often do not patent

worldwide due to cost reasons or due to a lack of know-how in IP management.
8There are numerous service providers and websites monitoring new patent or trademark appli-

cations and subsequent potential industry trends based on them (one example is ipnews�ash.com
or The Trademark Blog on schwimmerlegal.comand (in German) markenblog.de)
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reproduction or patent infringement. This risk is mitigated by the potential en-

forcement of the patent before a court. Firms that rely stronger on trade secrecy

to protect their IP cause neither a signaling nor an enabling e�ect. As a result of

waiving the use of patents, they also have a lower risk of IP infringement. However,

as trade secret strategies can fail and do not entail a litigation option, the expected

e�ects of a trade secret strategy on unauthorized reproduction of technical elements

are ambiguous.

Obviously, a trade secret strategy is only relevant for the protection of technological

elements of a �rm and not adequate for product names and labels. A brand value

entirely depends on its level of di�usion in the market and thebrand awareness

associated with it. A second di�erence is that the registration of a trademark does

not lead to the disclosure of relevant know-how. The �enablinge�ect� of a patent

document does not exist here. However, the signal to the market is analogous to

the patent application example. In both cases, the signal can assist imitators in

identifying a product worth counterfeiting, i.e. free-riding opportunities on expected

innovation rents and advertisement e�orts of original producers and the emergence

of a new product life cycle. The trademark can signal to the public that there is

a brand premium to be earned, which is, after all, the basic concept of a branding

strategy: a brand reputation inducing a favorable product quality leads to a higher

willingness-to-pay and allows higher prices. Thus, a heavy use oftrademarks can

be understood as a signal to imitators that there are relatively high pro�t margins,

which could be an incentive to enter the market. Again, this risk is lowered by the

enforceability of a registered trademark.

The di�erentiation between unauthorized reproduction andtrademark infringement

is more di�cult for product names/logos than for technical elements. This is due

to the lack of a trade secret strategy in this case, but also becausea trademark �

compared to a patent � is relatively easily obtainable, also for smaller �rms and for

foreign markets. One can thus assume that there is a high overlapbetween these two

sorts of imitation.

Various other measures can be taken to protect intellectual property. Firms are

increasingly creating preventive technological barriers in their products to make re-

verse engineering by pirates more di�cult. The rationale lies in raising the costs for

potential pirates and making their cost-bene�t ratio less attractive.9 A relatively

9It should be noted that additional costs of this strategy, e.g. by using encrypted software
product components or by explicitly de-standardizing mechanical product components away from
industry standards occur for the original manufacturer as well. These might be prohibitively high,
so that the strategy might not be chosen by every firm.
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Number of observations
over �rm size in employees) Unauthorized reproduction

< 249 250 �
999

� 1000 Total Technical
Elements

Names
and

Labels

In
du

st
ry

Chemicals and Pharmaceuticals 5 4 10 19 78.95 % 73.68 %
Plastics 4 3 3 10 60.00 % 30.00 %
Mechanical engineering 15 24 31 70 77.14 % 54.29 %
Metal processing 6 6 13 25 96.00 % 60.00 %
Electrical engineering 26 8 22 56 66.07 % 48.21 %
Consumer goods 5 8 6 19 73.68 % 73.68 %
Other manufacturing 3 2 4 9 66.67 % 44.44 %

Total 68 58 91 217 75.00 % 54.81 %

Unauthorized reproduction
Technical Elements 62.50 % 85.45 % 77.53 % 75.00 %
Names and Labels 34.38 % 65.45 % 62.92 % 54.81 %

Table 4.1. Number of observations by �rm size and industry a�liation as well as mean incidence
of unauthorized imitation (share of �rms reporting at least one incidence of unauthorized
imitation in 2007; �rst value refers to technical components, the second to product names/labels)

We will brie�y describe the measurement approach concerning the risk factors dis-

cussed in section4.3. The questionnaire items for the IP strategic factors are quite

straightforward. Participants were asked to indicate the importance of di�erent in-

dustrial property rights (especially patents and trademarks)for their company on a

�ve-point scale. An identical question addressed several informal methods to protect

intellectual property such as using defensive publication, emphasizing a trade secret

and employing technological means to impede reverse engineering. We conducted a

factor analysis to condense the nine informal protection methods into three groups

of informal strategies according to the factor loadings of the variables. As a result,

we kept defensive publication as a single variable, used the arithmetic mean of four

items related to con�dentiality to construct the variable �I mportance of trade se-

crets�23 and joined the four remaining items to the variable �Importance of other

informal protection methods� (including �implementing technological protective fea-

tures�, �implementing management tools to prevent illegal copying�, �emphasizing

fast time to market� and �creating exclusive customer relationships�).

We used a simple transformation to back-calculate the importance of patents and

other IP strategies, because we asked about the importance of protection strategies at

the time of answering the survey (2008) and the items on imitation issues referred to

the year 2007. In this back-calculation, we exploited the fact that we had information

on how the importance had been changing over the last �ve years.The result is

23This included �emphasizing con�dentiality of production processes�, �con�dentiality provi sions
with suppliers�, �con�dentiality provisions with employees� and �long term sta � retention�.
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Patent Infringement

Foreign Sales No Yes Total

Row % 95% CI Row % 95% CI Row %
No (n=7) 71% [32%,93%] 29% [07%,68%] 100%
Yes (n=171) 29% [22%,36%] 71% [64%,78%] 100%
Total (n=178) 30% [24%,38%] 70% [62%,76%] 100%
Pearson: Uncorrected chi2(1) = 8.0457
Design-based F(1.00, 245.00) = 5.7980 Pr = 0.017

Trademark Infringement

Foreign Sales No Yes Total

Row % 95% CI Row % 95% CI Row %
No (n=7) 100% 0% 100%
Yes (n=171) 44% [37%,52%] 56% [48%,63%] 100%
Total (n=178) 47% [39%,54%] 53% [46%,61%] 100%
Pearson: Uncorrected chi2(1) = 10.9170
Design-based F(1.00, 232.00) = 8.5941 Pr = 0.004

Patent Infringement

Foreign Manufacturing No Yes Total

Row % 95% CI Row % 95% CI Row %
No (n=45) 60% [45%,73%] 40% [27%,55%] 100%
Yes (n=133) 20% [14%,28%] 80% [72%,86%] 100%
Total (n=178) 30% [24%,38%] 70% [62%,76%] 100%
Pearson: Uncorrected chi2(1) = 34.6536
Design-based F(1.00, 245.00) = 24.9726 Pr = 0.000

Trademark Infringement

Foreign Manufacturing No Yes Total

Row % 95% CI Row % 95% CI Row %
No (n=45) 71% [56%,82%] 29% [18%,44%] 100%
Yes (n=133) 38% [30%,47%] 62% [53%,70%] 100%
Total (n=178) 47% [39%,54%] 53% [46%,61%] 100%
Pearson: Uncorrected chi2(1) = 18.9865
Design-based F(1.00, 232.00) = 14.4425 Pr = 0.000

Patent Infringement

Foreign R&D No Yes Total

Row % 95% CI Row % 95% CI Row %
No (n=61) 43% [31%,55%] 57% [45%,69%] 100%
Yes (n=117) 24% [17%,33%] 76% [67%,83%] 100%
Total (n=178) 30% [24%,38%] 70% [62%,76%] 100%
Pearson: Uncorrected chi2(1) = 9.1604
Design-based F(1.00, 245.00) = 6.6013 Pr = 0.011

Trademark Infringement

Foreign R&D No Yes Total

Row % 95% CI Row % 95% CI Row %
No (n=61) 59% [46%,71%] 41% [29%,54%] 100%
Yes (n=117) 40% [32%,49%] 60% [51%,68%] 100%
Total (n=178) 47% [39%,54%] 53% [46%,61%] 100%
Pearson: Uncorrected chi2(1) = 7.4900
Design-based F(1.00, 232.00) = 5.6974 Pr = 0.018

Table 4.4. Contingency tables: foreign sales, manufacturing and R&D activities with patent and
trademark infringements
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Chapter 5

An Empirical Analysis of the

E�ect of Product Piracy on

Corporate IP Strategy

Abstract I analyze how cases of unauthorized reproduction
of a company's technological elements (�product piracy�) in�u-
ence the subsequent intellectual property protection strategy of
around 200 German manufacturing companies. In speci�c, I ex-
amine whether product piracy induces a stronger use of formal IP
strategies such as patents or whether a shift to informal protection
mechanisms occurs. Using a propensity score matching approach, I
compare companies with similar company characteristics in terms
of their prior IP strategy, business activities, industry a�liat ion
and other characteristics. I �nd that imitation incidences induce a
stronger use of formal protection rights, whereas for informalpro-
tection such as secrecy I detect no signi�cant di�erences between
the copied companies and the control group. These results con-
tribute to the discussion on the e�ects of the increasingly relevant
phenomenon of product piracy by analyzing possible e�ects on IP
strategies of �rms and the subsequent economic consequences.

5.1 Introduction

In recent years, discussions on imperfections in the patent systemworldwide have

been getting more frequent. Apart from problems with patent quality, intellectual

property (IP) fragmentation, growing numbers of litigation cases, �patent trolls� or
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patent infringement cases, cause policy makers to encourage companies (especially

SMEs) to use patents and trademarks more strongly and design support programs

for that purpose. The growing number of patent litigation cases (Landes and Posner

2003) also suggests that patents are heavily used and defended, even in situations of

uncertain e�ectiveness of patents. On the other hand, there iscase study evidence

on company IP strategies in countries with low enforcement regimes suggesting that

companies refrain from using patents to avoid the information disclosure in patent

documents and rather turn to informal,de factoprotection strategies (Keupp et al.

2009). In any case, these reactions will not be uniform for all �rms, but di�er along

industry and �rm characteristics. In the following section, I will therefore review

the existent literature concerning the relevance of di�erent IP strategies for di�erent

companies. In the empirical part, I will attempt to match only those companies for

comparison which are similar with respect to the factors determining IP strategies

discussed in section5.2. The matching methodology is discussed in section5.3,

section 5.4 presents the results. After some robustness checks of the analysis, I

summarize and conclude in section5.5.

5.2 Use of Formal and Informal Protection Mech-
anisms: Related Literature and Theoretical
Background

A large strand of literature deals with the use of formal protection mechanisms (es-

pecially patents) and the relative importance of trade secrets, lead time advantages

and other informal appropriation mechanisms. Many authors have found great dif-

ferences both regarding the economic e�ects of patentper seand the degree to which

they are used by �rms and accordingly also the use of informal protection alterna-

tives. These di�erences depend on a number of parameters. I willshortly review the

most important aspects relevant for this paper, since they willhave to be taken into

account in the empirical setup in section5.4.

First, one has to distinguish between large corporations and small and medium-sized

companies (SMEs). Most studies suggest that the propensity to patent (usually

de�ned as the number of patents per R&D dollar (e.g.Hall and Ziedonis 2001))

increases with �rm size.1 Arundel (2001) correspondingly found that smaller �rms

1Audretsch (2002) states, however, that small firms have higher patenting rates when measured
on a per-employee basis.
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Figure 5.1. Direct versus indirect e�ects of unauthorized imitation

rather explorative character and will try to obtain �rst evid ence in answering the

following research question: Will cases of unauthorized reproduction lead a company

to rely even more strongly on formal IP or will the �rm refrain from this strategy since

it has been proven partially unsuccessful in the past? Will we be able to identify any

impact at all? What reaction can we expect for the informal protection methods? The

literature reviewed in section5.2 indicates a stronger reliance on informal methods

of di�erent kinds when companies are confronted with counterfeiting, but further

research is needed.

It seems clear, however, that the �reaction functions� will not be uniform for all

companies. As shown many times in the literature, the use of patents and informal

protection methods di�ers between companies and the same will presumably apply

to IP strategies induced by illegal imitation. To identify the e�ect of unauthorized

imitation independently from company characteristics, it istherefore necessary to

apply a suitable evaluation framework. This framework intends to rule out self selec-

tion e�ects, which could bias the results if one would do a simplecomparison of the

companies a�ected by direct unauthorized reproduction cases and the ones who are

not directly a�ected. Such selection bias would, for instance, exist if the previous use

of patents both in�uences the probability of unauthorized reproduction and the use

of patents after the imitation incidence. An observed strongeruse of patents would

then possibly not be caused by the imitation incidence, but by the path dependency

in IP strategies. It is therefore important to compare only those companies which are

in fact comparable. In an ideal world, the researcher would have two observations of

one company: the patenting behavior after an imitation incidence and the patenting

behavior had the imitation not occurred. In real life, however, if there was indeed a

case of unauthorized imitation for one speci�c company, the latter observation does
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Outcome: Formal Protection Outcome: Informal Protection

Mean % reduct. t-test Mean % reduct. t-test
Variable Sample Treated Control % bias bias p>t Treated Cont rol % bias bias p>t

Importance of Patents Unmatched .81818 .53191 63.7 0.000 .69 318 .55556 28.5 0.118
Matched .81818 .78673 7.0 89.0 0.474 .69318 .69685 -0.8 97.3 0.958

Importance of Brands Unmatched .63636 .31915 66.5 0.000 .420 45 .33333 17.9 0.334
Matched .63636 .57553 12.8 80.8 0.259 .42045 .40235 3.7 79.2 0.809

Importance of Trade Secrets Unmatched 3.7258 3.8138 -10.7 0. 521 3.7358 3.7889 -6.6 0.72
Matched 3.7258 3.7393 -1.6 84.6 0.873 3.7358 3.7419 -0.7 88. 6 0.96

Importance of market-/product-
based protection methods

Unmatched 3.5424 3.484 7.7 0.635 3.4886 3.4444 5.9 0.747
Matched 3.5424 3.4601 10.9 -41.0 0.299 3.4886 3.4986 -1.3 77 .5 0.927

Importance of Defensive
Publication

Unmatched 2.6788 2.4894 16.8 0.319 2.6023 2.4667 12.5 0.497
Matched 2.6788 2.6549 2.1 87.4 0.836 2.6023 2.6728 -6.5 48.0 0.671

Foreign Manufacturing Unmatched .80606 .46809 74.5 0.000
Matched .80606 .82596 -4.4 94.1 0.642

Foreign R&D Unmatched .69697 .38298 65.9 0.000
Matched .69697 .74382 -9.8 85.1 0.345

Cooperation Intensity Unmatched .64773 .66667 -4.0 0.83
Matched .64773 .66598 -3.8 3.6 0.801

Foreign Sales Unmatched .95455 .93333 9.1 0.607
Matched .95455 .9696 -6.5 29.0 0.605

Participation in Formal
Standardization

Unmatched .68485 .46809 44.6 0.006
Matched .68485 .5484 28.1 37.1 0.011

Employees Unmatched 6.8332 5.5215 58.8 0.000
Matched 6.8332 7.0285 -8.7 85.1 0.382

IPR Dependency Unmatched 3 2.4681 43.2 0.011 2.6591 2.4889 13 .7 0.461
Matched 3 2.9342 5.3 87.6 0.634 2.6591 2.6362 1.8 86.6 0.902

Plastics Unmatched .04848 .06383 -6.6 0.677 .07955 .06667 4 .9 0.792
Matched .04848 .01506 14.4 -117.9 0.084 .07955 .0613 7.0 -41 .7 0.639

Mechanical Unmatched .37576 .25532 26.0 0.128 .28409 .2666 7 3.9 0.834
Matched .37576 .30702 14.8 42.9 0.189 .28409 .29518 -2.5 36. 4 0.872

Metal Processing Unmatched .13939 .06383 25.1 0.165 .06818 .06667 0.6 0.974
Matched .13939 .09943 13.3 47.1 0.264 .06818 .06988 -0.7 -12 .1 0.965

Electrical Unmatched .2303 .38298 -33.3 0.036 .36364 .3777 8 -2.9 0.874
Matched .2303 .44213 -46.2 -38.7 0.000 .36364 .39226 -5.9 -1 02.4 0.698

Consumer Goods Unmatched .07879 .10638 -9.5 0.552 .10227 .0 8889 4.5 0.808
Matched .07879 .09101 -4.2 55.7 0.691 .10227 .09768 1.6 65.7 0.92

Other manufacturing Unmatched .03636 .06383 -12.5 0.412 .0 5682 .06667 -4.1 0.823
Matched .03636 .03734 -0.4 96.4 0.963 .05682 .04363 5.4 -33. 9 0.692

Table 5.3. Group di�erences between imitated and non-imitated companies before and after the
matching
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