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HOST COUNTRY CONTINGENCIES ON KNOWLEDGE PROTECTIGBTRATEGIES OF
MULTINATIONAL FIRMS — BRING A KNIFE TO A GUNFIGHT?

Abstract

International knowledge spillovers, especially tigb multinational companies (MNCSs), have recently
been a major topic of the academic and managensmtssion. However, most studies treat MNC
subsidiaries as relatively passive actors withéedardknowledge protection strategies. The goahisf t
study is to extend this stream of research by tigatsng both market-based (e.g. secrecy, lead)tane
well as legal knowledge protection strategies (gatents, trademarks) of MNC subsidiaries. We argue
that these strategies are not independent froraghertunities and challenges of the host country. W
suggest that the host country leadership statiieimées the choice of knowledge protection strateqgi
along two major dimensions: geographical and inghugtength of host country firms. We test our
hypotheses for a broad sample of more than 1,50 fin Germany. The results indicate that legahfor
of knowledge protection are used more restrictivigllye host country geographical environment is
technologically leading while technological leadigpsof host country competitors within the industry
leads to less restrictive market-based knowledgteption strategies. We develop management
recommendations based on these trade-offs betweé#iahle knowledge protection and the need for
reciprocity in exchanging knowledge.
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INTRODUCTION
The development of new knowledge and technologiggobally concentrated in relatively few countries
Although a small number of countries, such as SKattea, have been very dynamic in their knowledge
production in recent years (Furman and Hayes, 20@hmood and Singh, 2003) still 80% of all R&D
expenditures remain concentrated in the seven imsstrialized countries (G7) in 2005 which is only
slightly down from the 84% ten years earlier (Kel2004; OECD, 2007). Hence, international
knowledge transfer becomes crucial for global ghofiRomer, 1990). One of the most promising
channels for facilitating these knowledge spill@vare Multinational Corporations (MNCs) and their
network of international subsidiaries. Their adegas for border-spanning knowledge transfers have
been conceptualized in several ways, such as thenalization of transaction costs (e.g. Buckleg an
Casson, 1981), differentiated networks that proeidié with varying environmental and resource
contingencies (e.g. Goshal and Bartlett, 1990poiaé communities spanning borders (e.g. Kogut and
Zander, 1993).
The effects of these engagements have been thecsobjntense academic debate. Much research in
international economics has focused on MNC's pddéetd transfer knowledge to the host country (eee
example Aitken and Harrison, 1999; Haskel et &I072 Keller, 2002). In contrast, international mesis
literature emphasizes the role of subsidiarieafmessing knowledge from host countries (see for
example Almeida, 1996; Frost, 2001). However, @nhglatively recent stream of literature focuseshen
active knowledge protection strategies of MNCsrvpnt their knowledge from spilling over host
country competitors (Alcacer and Chung, 2007; Z12806).
We extend this stream of research by investigatibgoad spectrum of MNC knowledge protection
strategies. These go beyond legal instrumentsphitents which are used in most of the researclestu
as the only indicator of knowledge protection, ardude market-based instruments, like secrecy lea
time and complex design. Beyond investigating thedrtance of legal versus market-based knowledge
protection strategies of MNCs, we argue that tisérsdegies are not independent from the opporamiti

and challenges of the host country. We develop thgses for the moderating effect of host country



contingencies on the choice and impact of knowlgatgéection strategies for MNCs. More precisely, by
using R&D indices which indicate the technologilesdership of a) MNC subsidiary’s industry andtb) i
host country location we tie up to findings of dixig research and enrich it by suggesting that host
country industry and location specific technologleadership play an important role in the choi€e o
knowledge protection strategies.We test these hgses empirically for a broad sample of more than
1,500 firms in Germany.
The paper is structured as follows. Section 2 mtsseur theoretical framework and the derivation of
hypotheses based on this discussion. Section 8meethe empirical study, which results are preskint
section 4. We discuss them in section 5, draw cmimhs and suggest some pathways for future rdsearc
in section 6.

THEORETICAL FRAMEWORK
Literature review
The goal of this section is to connect the litermton knowledge protection with the specific oppoities
and challenges for MNC subsidiaries abroad. Knogéeshillovers to the host country from MNC
subsidiaries (see for example Haskel et al., 2B@Her, 2002) and vice versa (see for example Attagi
1996; Frost, 2001) have received much attenti@cademic discussion. However, the particular topic
knowledge protection strategies by MNC subsidiahi&s largely been neglected in international bgsine
literature so far (with the notable exceptions tfaker and Chung, 2007; Shaver and Flyer, 20000 Zha
2006).
Several important studies on MNCs and internatinalvledge spillovers have treated patenting — the
most prominent form of knowledge protection — asnalicator of knowledge production and related
patent citations as traceable knowledge flows @&meida and Phene, 2004; Jaffe and Trajtenberg9;19
Porter and Stern, 2000). Most research examinitegriational knowledge spillovers from MNCs (for a
review see Keller, 2004) assign a rather passietooMNC subsidiaries when it comes to managing or

preventing outgoing knowledge spillovers.



A growing stream of research emphasizes the rdkmoiviedge protection for MNCs and their network
of international subsidiaries. Several studies flret MNCs respond positively to stricter IPR
enforcement in host countries (Branstetter eR06; Ito and Wakasugi, 2007). However, relativitie

is known on how managers of MNC subsidiaries detfigit knowledge protection strategies. Alcacer and
Chung (2007) show that MNC subsidiaries considégaing knowledge spillovers in their host county
location choices. They demonstrate for internatidfdidC entrants to the US market that firms expegtin
to benefit from ingoing knowledge spillovers locatese to US industry activity while those afrafd o
outgoing spillovers avoid them. Zhao (2006) shoovdlie case of China that MNCs choose to perform
particular R&D activities in host countries with akeintellectual property rights (IPR) regimes which
outputs are only valuable when combined with cofitipetassets protected in other countries with
stronger IPR protection. Our goal is to extend sfiisam of research by going beyond location dessi
and the complex organization of distributed R&Diaties. We focus on the broader knowledge
protection strategies of MNC subsidiary managetsratate them to host country contingencies.
Knowledge protection is an important element ofrapgating the returns from a firm’s investment in
developing new products, processes or servicedgsegample Rivette and Kline, 2000). Unique
knowledge is the most valuable resource of a fisrit anables them to develop, deploy and discard al
other resources (Grant, 1996). However, knowleddmyiits very nature a public good in the senskitha
can easily spill over to competitors and enablenth@ imitate the innovative firm without investiimgo
knowledge production (Adams and Jaffe, 1996; Nadi#D3). Firms have therefore strong incentives to
protect their knowledge and prevent it from spgliover. Management may choose between legal
knowledge protection strategies (such as patendgind)market-based ones (such as secrecy) (Encaoua e
al., 2006):

Legal forms of knowledge protection imply that kedge is protected by intellectual property lawd an
infringements can be punished in court (Teece, 13&enting is the most prominent element of this
category granting exclusive usage rights to anritiga for a certain period of time (Arrow, 1962)th@r

types of legal knowledge protection include thdstegtion of industrial designs, trademarks and



copyrights (Laursen and Salter, 2005). The lattenat grant rights for exclusive usage but a regiin
monopoly for its owner (Porter Liebeskind, 1997hatacteristic to legal knowledge protection methsds
a formal application process for protection at megpment agency (e.g. patent office). This process
usually requires substantial investment in termigno¢, resources and specialized expertise (e.g.
consulting from lawyers). Legal protection is mapplicable for established knowledge which can be
codified and embodied in final products or servig@aviotti, 1998). Patenting has been found to be
especially relevant for certain firms and industrigirms with patents are typically larger, engage&D
activities and operate in knowledge intensive gscispecially pharmaceuticals, chemicals and
machinery/equipment (Arundel and Kabla, 1998; Breuand Kleinknecht, 1999). The effectiveness of
patenting for knowledge protection has been questi@as competitors may benefit from the knowledge
disclosed in the patent itself which enables thetfinvent around it”, i.e. circumvent central paofsthe
protection through alternative technological apphes (see for example Mansfield, 1986; Mansfield et
al., 1981). Nevertheless, legal methods of knowdguigtection allow managers to receive tangible
representations of their investments into the petido of intangible knowledge. Hence, the value of
patents does not exclusively stem from protectimgkedge but also from signalling its value to
investors or potential collaboration partners (Goleal., 2002; Cohen et al., 2000; Harabi, 1995).
Knowledge protection through market-based methelilssrupon organizational processes aimed at
preventing knowledge spillovers in the first placdimiting their negative effects. Existing resgahas
primarily focussed on the following methods of netrkased knowledge protection: secrecy, lead time,
complex design as well as complementary assetdés,anarketing or production (Cohen et al., 2000;
Harabi, 1995; Laursen and Salter, 2005). Secraqyines restrictive sets of rules within the company
limiting the transfer of knowledge to specified @th, social interactions with them or restrict ptgb
access to certain locations, e.g. laboratorieg€¢Pbiebeskind, 1997). If these rules can be moed@and
enforced effectively they provide efficient knowtgdprotection. This method has been found to be
among the most important forms of knowledge pradedor firms of all sizes and industries (Harabi,

1995). However, its effectiveness is also limitgdokersonnel mobility as a channel for knowledge



transfer to competitors (Arrow, 1962). Knowledgetpction through lead time implies that firms can
benefit from first mover advantages of being ficssthe market and exploiting the benefits before
competitors can effectively challenge them throimgitation (for a review see Lieberman and
Montgomery, 1988). Complex design and complemeigarwith other firm functions adds additional
barriers to successful knowledge spillovers to ostitqrs. It implies that knowledge is only valuable
when replicated in a certain context which may &&e¥ to control and protect for a firm (Teece,&99
Complex knowledge is more difficult to transfer qaetely as it requires the simultaneous transfer of
additional knowledge to reach its full potentiak(®&nski, 1996). Market-based protection methodshea
used for all sorts of knowledge even in the eddyit stages (Saviotti, 1998).
Hypothesis development
The choice of legal versus market-based knowledgegtion strategies has often been explained dy th
necessary resource commitments which make markedbanes more appropriate for smaller firms
(Byma and Leiponen, 2006). However, this seem®ta less pressing concern for MNCs. Instead, we
argue that their choice of knowledge protectioatstyy depends upon the knowledge that has to be
protected. Porter Liebeskind (1997) points out thiatis an important dimension of knowledge
protection. She differentiates between codifiedtasit knowledge, individual vs. collective knowtg)
legally protectable vs. non-protectable knowledge @asable vs. unusable knowledge. All of theseofact
influence the likelihood and channels for potentiatflows of knowledge which have to be addressed
through protection strategies.

Mar ket-based versus legal knowl edge protection methods of MNC subsidiaries
We argue that market-based protection strategeessgrecially relevant for MNC’s knowledge. Kogut
and Zander (1993) envision an MNC as a social conityjwwith a shared understanding on the
production and transfer of knowledge through regebaiteraction. This capability enables MNCs to
transfer knowledge effectively and efficiently beem international subsidiaries. It is especiallgvant
for types of knowledge which are not codified aitén nature. These especially valuable pieces of

knowledge can hardly be protected through legaieptmn methods. On the one hand, they require



codification to be protected (Saviotti, 1998). Transferred knowledge is often just an “intermesfiat
good which will enter final products or servicaghich could be protected through legal methods - in
later stages of the innovation process (Teece,)1988the other hand, legal protection methods like
patenting would imply that MNC subsidiaries disel@®@me of this valuable knowledge by applying for
legal protection, e.g. through patents (Gallin)2p0 In conclusion, we argue that the unique opity
for MNCs to transfer tacit and not codified knowdeceffectively to foreign subsidiaries requires an
adequate protection strategy. Market-based knowl@dgtection strategies are especially suitable to
protect this particular type of knowledge (Savid898). We hypothesize:

Hypothesis 1. Market-based knowledge protectiorhods are more important

for MNC subsidiaries than legal ones for restrigtoutgoing knowledge

spillovers.

The moderating role of host country opportunities and challengesin knowl edge exchanges.
Additionally, we argue that MNC subsidiary managetmaill choose the degree of restrictiveness oifrthe
knowledge protection strategies based on host gpoahtingencies. We define the restrictivenesa of
knowledge protection strategy through the variety mtensity of instruments used. A protectiontsigg
encompassing multiple methods (e.g. secrecy amitiea) with high intensity would be considered mor
restrictive, i.e. allowing less outgoing knowledsgellovers. Our line of reasoning is built arouhe t
relationship between ingoing and outgoing knowlesigifovers. Both aspects are interconnected
(Cassiman and Veugelers, 2002). Access to promigiog/ledge sources in the host country may require
a certain amount of knowledge sharing, i.e. lesgiotive protection strategies. Hence, we argag¢ th
MNC subsidiary managers will choose knowledge mtite strategies based on host country
consistencies.

On the one hand, more restrictive knowledge pritedirategies appear appropriate in host counties
where the likelihood of loosing valuable knowledgeompetitors is high. The consequences of such
spillovers depend crucially on the degree of thepglitive capacities of these host country comgstito

Absorptive capacities encompass all competencesrgaghizational processes for identifying,



assimilating and exploiting knowledge from theivieonment (Cohen and Levinthal, 1989; 1990). These
absorptive capacities are typically acquired bygraering own R&D activities and accumulating
knowledge over time. Host countries with high R&kpenditures in a particular industry can theretoze
expected to have domestic firms with high absoeptiapacities. In such host countries MNC subsidiary
management should opt for more restrictive knowdgolgtection strategies. In environments where this
risk is low MNC subsidiary managers can opt foslesstrictiveness and save scarce resources as all
knowledge protection strategies entail certaing;agich as the legal advice for patent applicaiicthe
monitoring of secrecy rules (Porter Liebeskind, 2)9%e propose:

Hypothesis 2a. MNC subsidiary managers opt for mesgrictive knowledge

protection strategies (legal and market-basedddhriologically advanced host

country environments.
On the other hand, opportunities for knowledgel®pdrs from host country competitors have been
identified as important incentives for MNCs to ltaegheir subsidiaries in a particular country (Beirg
and Gupta, 2004) as well as within the host couf#tgacer and Chung, 2007; Shaver and Flyer, 2000).
The latter authors find that MNCs locate their sdilbasies closer to industry activity in the hostiotry if
they expect to benefit from ingoing knowledge spidirs and farther away if they fear outgoing ones.
Knowledge exchanges require stable channels antdwatnderstanding over time (Laursen and Salter,
2006). They benefit from repeated interaction andual trust (Hakanson and Nobel, 2001). Trust @n b
defined as “a psychological state comprising thention to accept vulnerability based upon positive
expectations of the intentions or behaviour of hedt(Rousseau et al., 1998: p. 395). MNC subsydiar
management engaging actively in knowledge shanyrachbepting certain vulnerabilities through
knowledge disclosure may compensate it with vakiaidoing spillovers in the future. Literature aef
these positive expectations as reciprocity mechasiisvoluntarily repaying a trusting move at a tate
point in time, although defaulting on such repaytrieiin the short-term self interest of the recqaimr’

(Gunnthorsdottir et al., 2002, p. 50). We derive:



Hypothesis 2b. MNC subsidiary managers opt for tesgictive knowledge

protection strategies (legal and market-baseddhriologically advanced host

country environments.
The relevant host country environment for in- antjoing knowledge spillovers can be defined along
industry as well as geographical dimensions. Lamelaibatkin (1998) find that knowledge flows behefi
from technological congruence between knowledgecesuand recipients. Knowledge recipients find it
easier to assess the relevance of the potentialikdge flow since it has been produced in a similar
technological context. This shared context redtitesiecessary costs for transforming the external
knowledge before it can be absorbed and assimilaitiicexisting knowledge stocks (Todorova and
Durisin, 2007). Intra-industry spillovers can tHere be considered to be especially relevant forQVIN
subsidiaries. Hence, they may determine their eéhof&knowledge protection strategies. We hypotleesiz

Hypothesis 3. The technological leadership stattiseohost country industry

environment determines MNC subsidiary manager esoon knowledge

protection strategies.
Knowledge spillovers have been found to be confioegtlatively narrow geographical areas (e.qg.
Audretsch and Feldman, 1996). The effectivenegnofvledge transfers decreases significantly with th
distance between source and recipient. This limitdtas been explained through cultural, language a
institutional differences across national bordensaiso within countries (Jaffe et al., 1993; P2605).
Other authors have highlighted the limited mobitifyskilled engineers and scientists (Almeida and
Kogut, 1999). This perception considers personurelover as the primary channel for knowledge
spillovers. The geographical concentration of kremgle spillovers can therefore be explained thragh
unwillingness of its carriers to move. We conclude:

Hypothesis 4. The technological leadership statimst country geographical

environment determines MNC subsidiary manager esoin knowledge

protection strategies.

10



DATA AND METHODS
Sample
For testing our hypotheses we use data from thehf&uropean Community Innovation survey (CIS-4)
for more than 1,800 firms and their innovation bébar in Germany in 2005. The survey is directed at
the heads of R&D departments or innovation manageared comprises data on the innovation activities
of firms from manufacturing as well as service sextDeveloped under the guiding principles of@sto
Innovation Manual, the survey aims at collectintadan innovation understood from a broad firm
perspective (OECD, 1992). Since most of the questio the survey have to be answered only by
innovative firms, i.e. firms that have introducedeast one product or process innovation betw@82 2
and 2004 we restricted our sample to this grouprok. The sample is stratified by region (East skt
Germany) in addition to size and industry to act¢donthe effects of reunification. Roughly 10%tbé
firms in the sample are foreign subsidiaries.
Heads of R&D departments or innovation managemenasked directly if and how their firms are able
to generate innovations. This leads to the prodoaif direct measures for innovation processes and
outputs which can complement traditional measuf@snovation activity such as patents (Kaiser, 2002
Laursen and Salter, 2006). Moreover, CIS survegsabject to extensive pre-testing and piloting in
various countries, industries and firms with regarthterpretability, reliability and validity (Lagen and
Salter, 2006). This multinational application oSurveys adds extra layers of quality managenmeht a
assurance.
After complementing the dataset with official sttitis for overall business R&D expenditure at the
industry level from OECD ANBERD database, our fidata set contains 1,572 observations.
Dependent variables
We construct two scales representing market-basadegal knowledge protection which will serve as
dependent variables. Both scales are constructedrpining various instruments used by firms to
protect their knowledge following Laursen and Sa(&905). These instruments include patents,

copyrights, trademarks, industrial design, secrlEad time and complex design. In the questionnaire
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firms are asked to state the importance of eadhuiment in a four point Likert-based scale with 3
meaning “instrument is very important” and 0 “instrent is not relevant at all”. In order to groupgh
instruments to the market-based and legal knowlgdgiection scales respectively we apply an
exploratory principal component analysis. We made af a varimax rotation with Kaiser Normalization.
The KMO-value with 0.76 indicates that the inputiables are “meritoriously” suitable for a factor
analysis (Kaiser and Rice, 1974 p.11). Two factdgth eigenvalues greater than one are yielded hwhic
capture more than 60% of total variance (see Apgehdor details), each of which corresponding t@eo
dimension of knowledge protection. The solutioroisust as split-half-test yield similar solutionghw
two factors and comparable factor structure. Thofastructure is meaningful and clear with no éssu
loading relatively high in both features (see Tabfer the rotated factor loadings). Our resultspsart
theoretical findings of previous studies discussecthapter 2 concerning the affiliation of knowledg
protection instruments to both types of knowledgegztion strategies. The pattern of factor loasliagd
their consistency indicate the high content vafidit the yielded solution and can be considered as
consistency check of our data.

Table 1 goes about here
The first factor shows strong emphasis on seciamyplex design and lead time and represents the
importance of market-based knowledge protecticatesies, whereas the second, has a focus on legal
instruments, i.e. patents, design patterns, tradenamd copyrights, and is therefore labeled aalleg
knowledge protection.
Factor scores of both factors, retained by meanegréssion analysis, are used as dependent \exitainl
our further analysis.
Independent variables
The focal point of our analysis is the investigatal knowledge protection strategies of MNCs. A doyn
variable which indicates whether the firm is pdraenultinational group with headquarters abroatthés
most important variable in our model. Managersdaté this status themselves in the questionndire. T

estimation parameter of this dummy variable incoafes the impact of MNC on knowledge protection.
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The sign and intensity of this estimator indicdtess MNC subsidiary managers choose distinctively
different market-based and legal strategies dtleetdact that they belong to an MNC.

To define the reference group of purely domestingimore precisely we add an additional variable
indicating whether a firm is part of a group withnaestic headquarters (“domestic group”). Purely
domestic firms (not part of a group) will therefa®rve as the comparison group.

Most importantly, knowledge protection strategiesyrdiffer with regard to firms’ innovation and
knowledge production engagements. We control fgonmianovation inputs by using R&D expenditures
as a share of sales, the share of employees widgeaducation and whether the firm performs R&D
activities continuously (often associated with Ingva dedicated R&D department).

Several studies highlight the importance of sulbsidassignments from headquarters for explainieg th
behavior (e.g. Birkinshaw and Fry, 1998; Birkinshawd Hood, 1998; Hakanson and Nobel, 2001).
Cantwell and Mudambi (2005) provide an in-deptltassion of subsidiary mandates, relating them back
to March (1991) and the distinction between expieea(directed towards new product, capabilitied an
markets) and exploitative innovation activitiesi{baround and for existing capabilities and custosi.

We construct two indices for explorative and exXplibre innovation strategies based on a questidheof
effects of a firm’s innovation activities. Agairnrrhs rank several items on a four point Likert scal
ranging from not relevant to highly important. Wigaup relevant items and divide them by the
maximum. Firms’ innovation strategies are considengplorative based on the importance of generating
new products and serving new markets. Innovati@iesiies are considered exploitative if quality
improvements, resources and personnel cost redsdi@ dominant. Moreover, we control for how long
a firm has been operating in Germany (company agears since founding) because potential “lighilit
of newness”-effects may also influence subsidiarst ltountry embeddedness and subsequent behavior
(e.g. Hakanson and Nobel, 2001).

Previous studies have identified several structiimal features which influence the choice of certai
knowledge protection strategies especially witleys on the propensity to patent. These includeureso

availability (firm size), type of innovation actiyi(product/process) and industry (e.g. Arundel Kadla,
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1998; Brouwer and Kleinknecht, 1999; Byma and Legm 2006; Harabi, 1995). Hence, we incorporate
these control variables into the model: Firm siagnfber of employees in logs), whether the firm was
active in process innovation as well as five indudummies (medium high-tech manufacturing, high-
tech manufacturing, distributive services, knowkedlttensive services and technological servicemi-L
tech manufacturing will serve as the comparisomgr@ee Appendix C for industry classification). We
also control for a firms’ degree of internationatibn through the export share of their sales.
Moderator variables

The host country environment is described alongdimtensions: (a) the industry in which the MNC
subsidiary operates and (b) its geographical lonatn order to represent the degree of technadbgic
leadership of industry and geographical environneétiost country we construct three R&D-indices
following Salomon and Byungchae (2008).

We use the OECD ANBERD database on business R&Prehfures to construct the R&D index. Data
covers the year 2002 (the beginning of the sunbsgovation period) so that it can be considered
predetermined. The R&D-industry index is built lpngparing the R&D expenditures (as a share of
industry GDP) of the relevant industry in Germarithwhe average one of all other OECD countries.
First, the R&D expenditure in industrys scaled by GDP of host country (Germany). N, resulting
ratio is averaged across all countries in OECDdassGermany. In a last step the mean is subtréced
the equivalent measure for Germany in the matcimdgstryi (see also Salomon and Byungchae, 2008).
The result is an industry specific R&D index conmipgiindustries in Germany with those in the rest of
OECD on the basis of R&D expenditures. Positivaigalof the index indicate relative technological
leadership of host country (Germany) in a particiddustry, whereas negative values indicate that t

host country is a technological laggard in a givetustry.

R&DSE | &(R&DK 1
RDI. = i L x=,
' GDP* [;( GDF*H n
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where RDI, represents the R&D-index of indus’uryR&DiGE is the R&D expenditure for industiyn
Germany,GDP®* the GDP of GermanyR&Dik is the R&D expenditure for industiyn countryk,

GDR, is the GDP of countri andn the number of OECD countries excluding Germany.

Similarly we construct two geographical R&D indiagsed for indicating relative technological leatigrs
of an MNC subsidiary geographical location in refere to the rest of host country (Germany). Weinbta
regional data on business R&D expenditures and D001 from the German federal statistical office
(Destatis) and from the European statistical offi€erostat). Geographical location is defined blpau

the first index (federal state in Germany) and mm@eowly in the second (district where the firm is
positioned). Germany comprises 16 federal statéshndre subdivided into 439 districts (NUTS3). We
calculate two separate geographical R&D indicesgibbth geographical units. Both indices are

calculated as follows:

R&D, | (R&D" )| 1
RDI, =——2%~ X=,
° GDP LZ;[ GDP H n

whereas the indedt represents the state or district depending onrgebégcal unit used, witRDIgy

representing the R&D index of state or distdcGDP® the GDP of respective state of distdctR * the

R&D expenditure in state or distrikt GDP* theGDP of state or districk. N represents the number of
states or districts excluding the actual ¢dje Hence, in case of using states as a geograpinitah can
take values from 1 to 15, whereas when using distthe value range forgoes from 1 to 438. Figure 1
provides a map of the results.

Figure 1 goes about here
We test both geographical indices in our modelrdepto investigate which geographical unit has the
highest impact on knowledge protection strategie$/fNC companies.
Descriptive statistics and correlations
Table 2 displays descriptive statistics of the kienlge protection instruments for the whole sample a

well as separately for foreign MNCs and subsidgaded domestic firms. Heads of R&D or innovation
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management indicate the importance of variousunstnts for their firms in four-point Likert-based
scale. We calculate the means and standard densatfcthese data. The results reveal clear diffaygn
between foreign MNC subsidiaries and domestic fifrmseign MNC subsidiaries seem to use a wider
variety of protection instruments more extensivelgr testing the significance of differences betwee
MNC subsidiaries and domestic firms we use the I&®#utterthwaite test which is especially apprapria
for different sized and small samples (see Appebdiar test details).
The t-values as well as the error probabilitiesdisplayed in Table 2. The statistical resultsdat first
empirical evidence for our hypotheses: signifiadifferences are identified in the relevance ofaixk of
the eight considered knowledge protection instruséerhe significant differences contain howevealeg
as well as market-based instruments so that itatdrenclearly recognized which kind of knowledge
protection (market based vs. legal) is more relef@rforeign MNC subsidiaries as compared to
domestic firms. The results of the market-basetiinsents do not give a uniform picture: whereas
secrecy becomes significantly more important foeifgn MNC subsidiaries, differences concerning
complex designs and lead time are not statisticidjyificant.

Table 2 goes about here
In a further step we divide the foreign MNC subaigligroup into subsets according to the host cguntr
environment and consider descriptive statisticallagroups in order to investigate further diffeces.
Respectively two subsets are yielded for both R&dlides a) foreign MNC subsidiaries operating in
technologically leading host country industriessusrtechnological laggards and b) foreign MNC
subsidiaries located at technologically advancexyggphical areas versus technologically laggingsone
Table 3 shows the results. The respective medikesaf R&D indices are used as cutoff values. \&8& u
the R&D-index based on federal states as geogralpimiit when considering technological advantage of
geographical environment.
Again we aim to detect significant differences lextw the means in the respective groups by using the
Smith-Sautterthwaite test. Our expectations ardirtoed: significant differences are detected depand

on the technological leadership of the host envirent of the foreign MNC subsidiary along both
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dimensions. While using the industry as a dimen&orechnological leadership we discover thatifgme
MNC subsidiaries choose generally more restridtivewledge protection strategies when operating in
industries where the host country, in our case @apnis a technological laggard compared to OECD
average. In this case protection strategies becoamne relevant compared to technologically advanced
industries This is expressed in the significantghler relevance of protection instruments. Esphcial
patents and secrecy seem to gain in importangerédecting knowledge when the host country is a
technological laggard concerning the operating strguof foreign MNC subsidiaries. Even in this case
differences occur in both market-based as welhdke legal group, so that no clear differentiapatttern
can be discovered.
Technological advantage of geographical locati@msseto influence the intensity of knowledge
protection for foreign MNC subsidiaries in the opjpe direction. When located in technologically
advanced areas (federal states) foreign MNC swv@diseem to protect knowledge more restrictively.
Although this finding seems to be against our etgqi@ms, it can be explained considering the higtsir
of knowledge spill-outs in highly developed geodpiapl areas due to personnel turnover. Loosinglhigh
qualified employees and thus valuable knowledgmtopetitors becomes more likely in these regions.
Hence, knowledge protection management attempipgevent or regulate the transfer of knowledge
becomes more important.

Table 3 goes about here
Appendix B provides correlation coefficients andat@tive statistics for all variables in our study
Dependent variables are standardized in orderrtvador scaling effects. Exceptions are the raltur
logarithm of the number of employees as well adR&® indices for both industry and location. An
inspection of the correlation matrix does not réwey multicollinearity issues, showing a meanatifin
factor (VIF) of 1.40.

RESULTS

Table 4 shows the results of the regression asalyéé estimate four separate empirical modelshier t

legal and market-based knowledge protection scatgmectively.
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Table 4 goes about here
Model | can be considered a base model withoutant®n terms. We find that foreign MNC subsidiary
managers choose significantly less restrictive etabased knowledge protection strategies than dimnes
firms but do not deviate with regards to the restréness of legal knowledge protection. Hence,
hypothesis 1 has to be rejected. As suggestee ithtoretical section we explore further contingesnon
these choices by adding interaction terms. In mbded interact the foreign MNC status with the R&D
index of the host country industry. The lattereefs whether a German industry is leading or lag@in
R&D intensity compared to all other OECD countrigesides, we add an equivalent interaction effact f
the leadership status of the German state a compdogated in, compared to all other 15 stateg Th
estimation results reveal an interesting distimctiompared to the base model I. With regard td lega
knowledge protection strategies we find that theggephical area is the decisive contingency for MNC
subsidiary managers. They choose more restrictiyal Istrategies in technologically leading hostntigu
states. The leadership status of the industry,gholias no significant impact. This result providepport
for hypotheses 2a and 4. However, we find strikirtifferent results for market-based knowledge
protection strategies (Model 1Ib). MNC subsidiargmagers choose less restrictive market-based
strategies in technologically leading host couimidustries while the status of the state (geoggbhi
area) has no such effect. Therefore, the findinth@base model on less restrictive market-based
knowledge protection strategies is confined tonetdgically leading host country industries. These
results lend support to hypotheses 2b and 3.
We define the relevant geographical environmemtoforeign MNC subsidiary more narrowly at the
district level (NUTS3) in model Il and retain teame results. However, the significance level ef th
more restrictive legal protection strategies driopigcating that the state-level appears to be more
appropriate. Finally, we add another interactiomtan model IV accounting for simultaneous industry
and geographically leadership status effect. Tétisnation yields no additional insights and can be

considered as a consistency check.
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In summary, we find a differentiated picture fordign MNC subsidiary management choices on the
restrictiveness of their knowledge protection siyas. They choose more restrictive legal protactio
strategies within geographical regions of host égueadership and less restrictive market-basex$ on
within technologically leading industries. We widiturn to this distinction when discussing thesilts
in the following section.
We develop no a priori hypotheses for the contaplables. However, major results should be higldigh
briefly. Our findings indicate that all knowledgeogduction activities (R&D) lead to more restrictive
knowledge protection strategies (both legal andketarased). The share of college educated emplpyees
though, has only a positive effect on market-bgsetection methods. This need for protecting vakiab
knowledge is also reflected in the more exploimiivnovation strategies (directed at new produats a
new markets). Exploitative innovation strategied process innovation, though, are more likely priete
through market-based protection methods. Otheiestuthve found similar results and concluded tiat t
embeddedness of process innovation within a lgrgatuction system facilitates market-based pratacti
methods (Byma and Leiponen, 2006; Harabi, 1995nhddars choose also more restrictive protection
strategies (both legal and market-based) with asirg firm size and internationalization which may
reflect the availability of resources to do so.dHiyy we support existing literature on the indystr
specificity of knowledge protection (e.g. ArundabdaKabla, 1998; Brouwer and Kleinknecht, 1999).
Legal protection strategies are generally lesaufeatly used in service industries. Market-based
knowledge protection is more important in high-tecdinufacturing and less important in distributive
services.

DISCUSSION
We conduct this study to extend existing reseancphasizing the important role of active knowledge
protection strategies of MNC subsidiaries beyormfion choices (Alcacer and Chung, 2007; Shaver and
Flyer, 2000). We hypothesize that MNC subsidiaryatgers have strong incentives to protect the
valuable MNC knowledge as long as it does not reglgtinterfere with opportunities for sourcing

knowledge from the host country environment. Wecdbe this environment along two major
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dimensions: the technological leadership statubehost country industry and the host country
geographical area respectively.

Our empirical investigation among more than 1,588 in Germany reveals that both dimensions
provide important contingencies to MNC subsidiagnagers. However, they differ with regard to the
type of knowledge protection. Legal forms of knodge protection (e.g. patenting) are used more
restrictively if the host country geographical e@oviment is technologically leading. We suspect thigt

is due to the fact that the dangers for knowledgéaws through personnel turnover are especially
pressing in these areas as skilled employees vitave multiple opportunities to find adequate, nebsj
without major distractions to their personal lifdhnese particular spillovers through personnel nitybil
would render knowledge protection through markesellamethods such as secrecy meaningless (see for
example Arrow, 1962).

The choice of market-based knowledge protectiategies by MNC subsidiary managers is substantially
different. They choose less restrictive ones ihtetogically leading host country industries. We
conclude that demonstrated reciprocity in knowleégghanges is especially rewarding with
technologically leading host country counterpadtgerly restrictive market-based protection strasgi
such as secrecy, may severely damage these rskifisras they are designed to provide no signals to
potential counterparts. In other words, host cquadunterparts would find it especially difficudt judge

the potential for knowledge exchanges if the MN@pgeeall its knowledge secrete. This mechanism is
different from legal protection strategies whickplgna formal application process which includes the
mandatory disclosure of knowledge in exchangedoal protection (Gallini and Scotchmer, 2002). This
provides firms with tangible signals of their resdsactivities for potential partners (Harabi, 1295
Management recommendations can be derived basedraasults. From a management perspective,
MNCs need to develop knowledge protection stratethiat go beyond patenting. Previous studies have
mostly focused on MNC subsidiary patenting actigity location choices (e.g. Alcacer and Chung, 2007
Shaver and Flyer, 2000). However, this may onlyesgnt a subset of potential strategic choices for

MNC subsidiary management. It may for example moalbeasible option when the subsidiary has been
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acquired and opportunities for relocating R&D aititag are limited. We find that both legal and retrk
based knowledge protection strategies should bsidemed. Both have to reflect host country
contingencies along two major dimensions: induatrg geography. MNC subsidiaries require formal
knowledge protection capabilities such as the sieed patent law competencies when they engage in
geographically leading host country regions. Coselgr the budgets for developing and maintaining
these capabilities can be limited in host countayes or districts with lagging status. Most ingtirggly,
we find that technological opportunities for songcknowledge from host country competitors in the
same industry require reciprocity with regards &rkat-based protection strategies (such as secrecy)
MNC subsidiary management should be prepared ieeicengage in host country knowledge sharing
once opportunities arise. In lagging host coumdustry environments, though, they should incréfase
restrictiveness these protection mechanisms.

Limitations and further research
First, we benefit from a comprehensive databaseder, our empirical study is limited to the German
context. Internationally comparative studies mayvjate additional insights. Further avenues fortfart
research are possible changes or discontinuitittgeihost country environment. Such discontinuitieg.
changes in technology or in the competitive landecanay influence a firm’s choice on knowledge
protection strategies. Furthermore, heterogeneifiyn profiles or their capabilities of anticipagj

changes in host country contingencies could bentaikte account in future work.

TABLES
Table 1: Factor loadings after varimax rotation
Instrument Factor : Factor :

Pateni 0.7%

Design patter | 0.7¢

Trademark 0.67

Copyright 0.52

Secrec 0.7t
Complex desigl 0.8(
Lead time 0.8C
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Table 2: Relevance of knowledge protection instntsiéor MNC and domestic firms

Knowledge Protection Sample [MNC |DOM. |t-Value o
Instrument N=1,572| N=166 | N=1,472| (paired
t-Test)
Patent Mean |0.85 1.53 0.77 7.23 *1 0%
Sd.
Dev. 1.27 141 1.23
Design pattern Mean | 0.58 0.84 0.54 3.33 *1 0%
Sd.
Dev. 1.08 124 |1.06
Trademark Mean |0.60 0.73 0.59 1.53 ***6%
Sd.
N Dev. 111 1.19 1.10
< Copyright Mean | 0.22 0.31| 0.21 1.65 * 59
Q .
- Dev. 0.74 0.89 0.72
Secrecy Mean |1.20 1.58 1.15 3.72 *1 0%
Sd.
o Dev. |1.37 |141 |[136
‘Q Complex design Mean | 0.53 0.46 | 0.53 -0.87 199
o0 Sd.
o Dev. |1.06 1.04 |107
é Lead time Mean |1.30 1.41 1.28 1.08 149
< Sd.
= Dev. |[142 |145 |[1.42

*p<0.10; ** p<0.05; ***p<0.01
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Table 3:

Knowledge protection instruments for MNiQifferent environments

Knowledge Protection Industry Location
Instruments
MNC |t- o t- o
MNC |RDI< |Value MNC |MNC |Value
RDI>0 |0 RDI>0 |RDI<0
N=105 |N=61 N=79 | N=87
Patent Mean |0.18 1.00 | -3.72 *| 0% | 1.70 1.34 1.65 5%
Sd. Dev. | 1.35 1.37 141 1.40
Design pattern  Mean *x
0.93 0.69 | 1.27 * |10% | 1.18 0.47 391 * 09
Sd. Dev. | 1.29 1.15 131 1.05
N Trademark Mean |0.81 0.59 | 1.21 11% 0.89 0.56 1.80 |%4%
< Sd. Dev. | 1.26 1.04 1.24 111
O [Copyright Mean [0.36 |0.23 | 1.00 16% 051 | 0.10 310 [* O
- Sd. Dev. | 0.97 0.72 1.09 0.52
A Secrecy Mean |1.83 1.15 | 3.08 *| 0% | 1.75 1.39 1.63 "%
w Sd. Dev. | 1.37 1.38 1.39 141
2 [ Complex design Mean 22
o0 0.51 0.36 | 0.97 17% 0.52 0.39 0.78 | %
o Sd. Dev. |1.11  [0.90 1.08  |0.99
< |Lead time Mean **
< 1.52 121 | 1.34 * (9% |1.62 1.18 1.99 *12%
= Sd.Dev. | 145 |1.44 144 |1.43

*p<0.10; ** p<0.05; ***p<0.01
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Table 4: Regression results

Model la Ib lla b lla b IVa Vb
Variable Legal Market- Legal Market- Legal Market- Legal Market-
knowl. based knowl. prot. | based knowl. based knowl. based
prot. knowl. (scale) knowl. prot.| prot. knowl. prot. knowl.
(scale) prot. (scale) (scale) prot. (scale) prot.
(scale) (scale) (scale)
Foreign MNC (d) 0.05 -0.18** -0.08 -0.10 -0.02 10. -0.01 -0.12
(0.09) (0.08) (0.10) (0.09) (0.09) (0.09) (0.09) | 0.00)
Domestic MNC (d) 0.09 0.02 0.09 0.01 0.10 0.02 0.10 | 0.02
(0.09) (0.08) (0.09) (0.08) (0.09) (0.08) (0.09) | 0.08)
Interact: RDI * foreign 0.04 -0.20%** 0.04 -0.20 -0.01 -0.16**
(0.08) (0.06) (0.09) (0.06) (0.08) (0.08)
Interact: RDI * domestic -0.01 0.03 -0.02 0.02 .0D 0.02
(0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
Inteact: Statelndex * foreign 0.33*** 0.04
(0.09) (0.07)
Inteact: Statelndex * domestic 0.06** 0.06**
(0.02) (0.03)
Interact: Districtindex * foreign 0.07* 0.02 .0B 0.03
(0.04) (0.03) (0.04) (0.03)
Interact: Districtindex * -0.01 0.01 -0.00 0.01
domestic
(0.01) (0.01) (0.01) (0.01)
Interact: RDI * Districtindex * 0.03 -0.02
foreign
(0.03) (0.02)
Interact: RDI * Districtindex * -0.04 0.00
domestic
(0.03) (0.03)
Company age (years) 0.00 -0.00 0.00 -0.00* 0.00 .00-0 0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) | 0.00)
Share R&D exp. of sales (ratio)  1.05*** 0.64* 105 0.69* 1.05%** 0.66* 1.04x*x 0.67*
(0.35) (0.37) (0.35) (0.37) (0.36) (0.37) (0.36) | 0.307)
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Model la Ib lla b lla b IVa Vb
Variable Legal Market- Legal Market- Legal Market- Legal Market-
knowl. based knowl. prot. | based knowl. based knowl. based
prot. knowl. (scale) knowl. prot. | prot. knowl. prot. knowl.
(scale) prot. (scale) (scale) prot. (scale) prot.
(scale) (scale) (scale)
Contin. R&D activities (d) 0.23*** 0.42%* 0.24*** 0.42%** 0.24*** 0.42%** 0.24** 0.42%**
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) | 0.06)
Share empl. w/ college educ. | 0.07 0.44*** 0.08 0.47*** 0.07 0.44*** 0.07 0.45***
(ratio)
(0.12) (0.14) (0.12) (0.14) (0.12) (0.14) (0.12) | 0.1¢4)
Explorative innovation strategy 0.28*** 0.45*** 0.27*** 0.44*** 0.27*** 0.44%*** D.2 7*** 0.44***
(index)
(0.08) (0.09) (0.08) (0.09) (0.08) (0.09) (0.08) | 0.00)
Exploitative innovation strategy 0.08 0.28*** 0.06 0.29%** 0.07 0.29%** 0.06 0.29***
(index)
(0.10) (0.10) (0.10) (0.11) (0.10) (0.10) (0.10) | 0.10)
Share exports of sales (ratio) 0.51** 0.28** 0.59* 0.24** 0.51%** 0.26** 0.51%** 0.26**
(0.12) (0.11) (0.12) (0.11) (0.12) (0.112) (0.12) | 0.14)
No of employees (log) 0.16*** 0.03* 0.16*** 0.03* 0.16*** 0.03* 0.16*** 0.03*
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) | 0.0R)
Process innovation (d) -0.13** | 0.12* -0.13%** 02t -0.13* 0.12** -0.13* 0.11*
(0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) | 0.05)
Medium high-tech manuf. (d) 0.09 0.09 0.10 0.09 100. 0.09 0.11 0.09
(0.08) (0.08) (0.08) (0.08) (0.08) (0.08) (0.08) | 0.08)
High-tech manuf. (d) 0.02 0.34*** 0.01 0.34*** 0.02 0.34*** 0.03 0.33***
(0.09) (0.09) (0.09) (0.09) (0.09) (0.09) (0.09) | 0.00)
Distributive services (d) -0.32%** | -0.17** -0.30* -0.16** -0.31x* -0.17* -0.31%*  |-0.17**
(0.06) (0.07) (0.06) (0.07) (0.06) (0.07) (0.06) | 0.00)
Knowledge-intens. services (d -0.27**  -0.03 -028 -0.02 -0.28*** -0.02 -0.28*** | -0.02
(0.09) (0.09) (0.08) (0.09) (0.08) (0.09) (0.09) | 0.00)
Technological services (d) -0.18** 0.01 -0.19** 8.0 -0.20** 0.02 -0.20** | 0.02
(0.08) (0.10) (0.08) (0.10) (0.08) (0.10) (0.08) | 0.10)
RDI (index) 0.00 -0.02
(0.04) (0.04)
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Model la Ib lla b lla b IVa Vb
Variable Legal Market- Legal Market- Legal Market- Legal Market-
knowl. based knowl. prot. | based knowl. based knowl. based
prot. knowl. (scale) knowl. prot. | prot. knowl. prot. knowl.
(scale) prot. (scale) (scale) prot. (scale) prot.
(scale) (scale) (scale)
District business R&D index | 0.01 0.01
(NUTS3)
(0.01) (0.01)
Constant -1.07%* | -0.99%** -1.05%** -1.02%+* -1.05%* -1.00%** -1.05%*  |-1.00***
(0.10) (0.11) (0.10) (0.11) (0.10) (0.11) (0.10) | 0.14)
R2 0.25 0.20 0.26 0.21 0.25 0.21 0.25 0.21
N 1572 1572 1572 1572 1572 1572 1572 1572
F-value 28.25 26.86 26.51 25.20 25.69 24.32 23.44| 22.29
P-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

*xx % * indicate significance of 1%, 5% or 10%pbust standard errors.
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FIGURES

Figure 1:  Share of business R&D expenditures on @Ddeate and district level 2001
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Source: Own calculation and illustration based &COD, Destatis and Eurostat data.
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APPENDICES

Appendix A:  Results of principal component factoekysis
Factor Eigenvalue | Difference | Proportion | Cumulative
Factorl 2.79 1.58 0.40 0.40
Factor2 1.20 0.33 0.17 0.57
Factor3 0.87 0.19 0.12 0.69
Factor4 0.68 0.09 0.10 0.79
Factor5 0.60 0.13 0.09 0.88
Factor6 0.47 0.08 0.07 0.94
Factor7 0.39 - 0.06 1.00

Cronbach alpha scale reliability coefficient: 0.75

LR test independent vs. saturated chi2(21)=2389.60,
Prob>chi2=0.0
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Appendix B:Correlations and descriptive statistics

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1y
1. Foreign MNC (d) 1.00

2. Domestic MNC (d) -0.13 1.00

3. Share R&D exp. of sales (ratio) -0.03 -0J02 01.0

4. Contin. R&D activities (d) 0.14| 0.19 0.32 1.00

5. Share empl. w/ college educ. (ratio) -0/02 0.00.39 | 0.18 | 1.00

6. Explorative innovation strategy (index) 0.03 08.] 0.16 | 0.29| 0.11] 1.00

7. Exploitative innovation strategy (index) 0.09 0D.| -0.01| 0.16| -0.10 0.3§ 1.0

8. Share exports of sales (ratio) 0.20 0.22 0{13360.0.02 | 0.17| 0.14| 1.0Q

9. No of employees (log) 0.27 034 -0.19 0.23 60.3.05]| 0.20| 0.29] 1.00

10. Process innovator 0.08 -0.01 -011 -0[07 -0.4®211| 0.19 | -0.04 0.13] 1.00

11. Medium high-tech manuf. (d) 0.09 0.08 0.06 20.-0.01| 0.10| 0.08] 035 0.12 -0.08 1.0

12. High-tech manuf. (d) 0.04 0.0 0.20 0.20 0.p9.100(0.05| 0.13| 0.00, -0.04 -0.18 1.00

13. Distributive services (d) -0.01 -0.03 -0.13.1®| -0.13| -0.09] -0.02 -0.1p -0.03 0.02 -0[15 -0/1100

14. Knowledge-intens. services (d) -0.p3 -0/05 10.10.16| 0.01| -0.07 -0.06 -0.23 0.08 0.04 -0{15 GQ.10.09| 1.00

15. Technological services (d) -0.09 -0.p6 0.25 40/00.53 | -0.01] -0.14 -0.15 -0.27 -0.07 -0.19 -0{14.127 -0.11| 1.00

16. Strength of state in business R&D intensify06 | 0.05 | 0.08| 0.06) 0.12 0.04 0.03 0.05 0,04 -00®0 |0.02| -0.02 0.01] 0.12 1.00

(index)

17. Strength of German industry R&D inteng.0.09 | 0.08 | 0.04| 0.16] -0.08 0.05 0.11 0.26 04 -0036 |0.03| -0.08§ -0.17 -0.27 0.00 1.00
by OECD 2003 (index)

Mean 0.11 | 0.13 | 0.04| 043 021 065 049 021 430 0/6720Q 0.11| 0.08 0.08/ 0.13 0.31] 0.1B
Standard deviation 0.31 | 0.33| 0.08] 049 023 029 024 026 156 0[/4740Q0.31| 0.28| 0.27| 0.34 1.98 0.6
Min 0.00 | 0.00 | 0.00| 0.000 0.09 0.0p 000 0.00 1.1 0j0000Q 0.00 | 0.00| 0.00f 009 -1.22 -0.92
Max 1.00 | 1.00 | 0.75] 1.000 1.00 1.0p 1.0 1.00 8B0 1fo000 1 1.00 | 1.00| 1.00] 1.0 1.15 3.98
VIE 121 | 128 | 1.39| 150 171 129 129 147 160 1{11801 1.31 | 1.14| 1.22| 1.8 1.04 1.5¢
Mean VIF 1.40
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Appendix C:Industry breakdown

Industry NACE Code Industry Group

Mining and quarrying 10-14 Other manufacturing

Food and tobacco 15-16 Other manufacturing
Textiles and leather 17-19 Other manufacturing

Wood / paper / publishing 20— 22 Other manufanturi
Chemicals / petroleum 23-24 Medium high-tech ufeacturing
Plastic / rubber 25 Other manufacturing

Glass / ceramics 26 Other manufacturing

Metal 27 — 28 Other manufacturing
Manufacture of machinery and | 29 Medium high-tech manufacturing
equipment

Manufacture of electrical 30-32 High-tech manufacturing
machinery

Medical, precision and optical | 33 High-tech manufacturing
instruments

Manufacture of motor vehicles 34 -35 Medium higbkt manufacturing
Manufacture of furniture, 36 -37 Other manufacturing
jewellery, sports equipment and

toys

Electricity, gas and water supply 40 —-41 Other uf@cturing
Construction 45 Other manufacturing

Retail and motor trade 50, 52 Distributive services
Wholesale trade 51 Distributive services
Transportation and 60 — 63, 64.1 Distributive services
communication

Financial intermediation 65 — 67 Knowledge-inteesbervices
Real estate activities and renting 70 -71 Distileuservices

ICT services 72,64.2 Technological services
Technical services 73,74.2, 74.3 Technologicalises
Consulting 74.1, 74.4 Knowledge-intensive services
Other business-oriented services 74.5—-74.8, 90 striButive services

34



Appendix D:  Smith-Satherwaite Test

e )
dof = ((sf/nl)+ (Szz/nz))z

(Slzlnl)z /(nl _:]-)"'(522/”2)2 /(nz _1)

where: X;= mean of sample (group) 1
X, = mean of sample (group) 2

s, = standard deviation of sample 1
S, = standard deviation of sample 2
n, = size of sample 1

n, = size of sample 2.

The degrees of freedom are rounded off to the higkiest whole number.

1

Other authors have suggested to call the makstedforms of knowledge protection (typically
encompassing lead time, secrecy and complex deagytstrategic” or “first mover” and legal onesitparily

patenting, copyrights, industrial design tradempass‘formal” (e.g. Harabi, 1995; Laursen and Salk@05). We

stick with the terminology introduced by Encaouale{2006).
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