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Therelevance of internal and external sources of knowledgein the

innovation performance of UK enterprises

1. Introduction

The last few decades have seen a large numbendiéston issues of knowledge and
innovation from a strictly economics perspectivenad! as from others, particularly
sociology of organization and management. On tlen@woics side the interest is
usually connected with issues of competitive adwges of firms and/or the
comparative advantages of countries. The conclusggarding the impact on the
performance of companies involves studies andsuraptions related to a variety of
elements including the following: (a) acquisitiof knowledge; (b) translation of
acquired knowledge into innovation of products angtocesses; and (c) how and to
what extent product and/or process innovation tasumproved performance of the
company and country.

Each of these elements in itself generates a yaokstudies according to
assumptions, context — such as industry and/or topun and the specifics of
knowledge or innovation or performance one wantsat@alyse. This paper is
concerned with (a) the acquisition of knowledge amtated development of
innovation and with (b/c) how the acquisition ofokvledge translates into innovation
performance. The context of the study is the UK &mel empirical information
derives from the Community Innovation Survey onefthmore in Section Four.

Many studies have concentrated on the acquisitioknowledge through
knowledge transfer. The transfer may take placermatly to the firm that is between

different units of the same company or between @k&ernal environment and a



specific unit of the company and via the latteotber parts of the company through
internal transfers. The external environment magoeipass competitors, customers,
suppliers or distributors. It may also encompassalder macro environment through
elements that contribute to the regional or nati@yatems of innovation such as
skills and education levels, proximity to univeiestand their research bases or public
expenditure for R&D. The geographic context — beegion or country or the
international context — is of relevance for botle tipeneration and the transfer of
knowledge.

The extent to which transfer of knowledge takeslan whichever context
depends on a variety of elements which will be mered in the next section.
Nonetheless, transfer is only one of the sourcekruwledge and innovation
acquisition. The other main source is the direchegation of knowledge and
innovation by the unit under consideratidhe aim of our study is to assess the extent
to which these three sources of knowledge — owmrigion, acquisition from sources
internal to the company (i.e., via the companyterinal networks) and acquisition via
external networks — specifically via collaboratisgreements - translate into
innovation performance for the single enterprise.

The paper proceeds as follows. The next sectiocugsges various types of
sources of knowledge and their relationship to wation; in Section Three we set out
our hypotheses and analyse some specific issuatedeto them. Section Four
discusses data and methods. Section Five predentesults and the final section

concludes.



2. Theacquisition of knowledge: own generation and transfer

The specific context and data source of our stwlyhe Community Innovation
Survey and this means that our unit of study isdimgle enterprise which can be
related to a single unit firm or be part of a fiommprising several units/enterprises.
In the latter case all the units may be located single country or spread in several
countries as in the case of units which are pad tvhnsnational corporation (TNC).
This specific context sets the scene for our amalyksources of knowledge which
we take to be the basis and precondition for intioma

For any given enterprise there are two main solrft@sthe acquisition of
knowledge and related development of innovatiopogen generation and (b) transfer
from other sources. They are interrelated in twgswvdirst, because any knowledge
and innovation acquired from other sources may leadurther generation of
knowledge and innovation by the recipient entegprigecond, because an enterprise
that is active on the generation side will be sawjter as a desirable partners for a
two way transfer.

The main strategy for own generation (a) is to gegan research and
development activities; thus R&D expenditure andegel issue of R&D laboratories,
including their location (Patel and Pavitt, 1994aRce and Papanastasiou, 1999) has
been a classic variable in the explanation of imtion performance. Own generation
may be a ‘solo’ activity or a joint venture betwe®ro or more partners. Enterprises
may also source knowledge through engaging in qatipe agreements with other
firms as well as with a variety of institutions bugs universities and public research

institutes. There is, in fact, evidence of a ragridwth in R&D alliances over the last

! The CIS contains questions related to the enssjsrsource of information about innovation. We do
not consider these to be equivalent to what we tieseribe as sources of knowledge and innovation.
Information about innovation is not the same asusitipn of knowledge or development of innovation
themselves.



two decades (Hagedoorn, 1996). These agreementsmiay be at the national or
international level. Indeed, the growth in the nembnd importance of TNCs over
the last few decades took place in tandem with idensble growth in cross-border
cooperation agreements, with much of the lattemtpkhe form of R&D alliances
(Hagedoorn, 2002, Hegert and Morris, 1988, Nar2@0 and 2003). In the case of
collaborative agreements on innovation the dismcbetween own generation and
transfer is not clear cut because the partnersaggehinformation in the process of
generating new knowledge.

Acquisition from outside the enterprise (b) impltesnsfer of knowledge and
two main sources are usually considered. Interresters within the company
whenever the enterprise belongs to a network coppamd external transfers from
channels outside the ownership structure of thepamy to which the enterprise
belongs.

However, whatever the specific sources, a relevasie to confront in
discussing acquisition of knowledge from other siritwhether internal or external to
the company to which our enterprise belongs -assferability. Transferability has
been associated and studied in relation to theviatlg. First, the characteristics of
knowledge itself whether it is tacit or codifialleolanyi, 1966, 1967). Second, the
characteristics of the recipient enterprise, faaregle how congenial and developed
its absorptive capacity is (Cohen and Levinthal39,91990). Third, the degree of
embeddedness of the enterprise in the locality vimay affect the transferability of
knowledge from and to it by other company’s unitérom the external environment.
Moreover, embeddedness can be seen as a two donsrtdiaracteristic; Forsgren
al. (2005) see embeddedness as a characteristic Wwadbhlde dimension related to the

degree to which the unit is embedded in the extenmaronment and location and to



which it is embedded in the internal company nekwan this perspective both the
business and external contexts are crucial to tdwesterability issue. Fourth, the
suitability of different sources of knowledge foanisfer (Foss and Pedersen, 2002).

Fifth, the relationship between the different ungstentially or actually
involved in the transfer. On this last issue sevsttands of research are important.
One strand emphasises the relationship betweerghaddrs of the company and its
subsidiaries. The organizational side of the compaand the degree of
decentralization are relevant elements in the teansf knowledge and innovation
(Bartlett and Goshal, 1989; Gupta and Govindard@81 and 2000; Hedlund, 1986;
Hedlund and Rolander, 1990; Zanfei, 2000). If th#ossdiary has considerable
freedom to interact with the local environmentngy be in a better position to exploit
and absorb local knowledge. In this respect thermatl organizational structure of the
company’s network becomes relevant for the acqoisi@nd spread of knowledge
We might expect headquarters to be more pronegoisiion of knowledge from the
environment since they are less hampered by cot@bsion mechanisms (Castellani
and Zanfei, 2006). A second strand highlights theure of the activities of the units
potentially or actually involved in the transferdaspecifically whether the activities
are substitutes or complementary (Forsgren, 2006);

Sixth, the geographical context of the transfereethlr the units between
which the transfer could or does take place aratémt within the same region or
country or across frontiers (Frenz and letto-Gilli@007). As regards the internal
network the company’s subsidiaries may spread wighsingle country; however, in

the case of transnational companies, they spreazbs@ number of countriesA

2 It becomes also relevant for the degree to whiwhwkedge and innovation spillover from the firm to
the local environment (Zanfei, 2000).

% With respect to new venture firms, Zaletaal (2000) found that international diversity as well a
entry mode impact on technological learning angh@riormance.



company with an international internal network rspe for tapping into the
knowledge of more diverse environments, on therapsion that different countries
offer indeed more diverse knowledge environmerds ttifferent locations within the
same country. This has two consequences for thergigon and spread of knowledge.
First, the company as a whole has a greater leopportunity via the operations of
its subsidiaries in various countries. For examipl€antwell’s theory of international
activities the TNC is viewed as a strategic deasitaker actively seeking to invest in
locations which are conducive to innovation (Caritwid89, 1997, 1999a, 1999hb).
Second, as knowledge is spread and absorbed wilteicompany via its internal
network, each subsidiary has the potential to benEtirthermore, the spillover
effects from the subsidiaries into the variousedé#ht environments in which they
operate also lead to increased knowledge and itioovapportunities for the various
localities in which the company operates (CantwiB9; Castellani and Zanfei, 2004
and 2006). This view of TNCs and their locatioratdgies suggests that strong local
economies are likely to attract investment from BNCantwell and lammarino,
2000, Cantwell and Piscitello, 2005, Phelps, Mac&im Stone and Braidford, 2003)
and inward FDI may indeed be motivated by the de®ir reap benefits from the
innovation environment in the host country (Drilfiend Love, 2003).

There is a strong interaction with regard to knalgke acquisition between
internal channels of transfer and locations. THoses that operate within a network
structure which spreads over several locations logp®rtunities for learning from a
variety of different locations. A company’s intelmetwork then acts as a facilitator
for the spread of knowledge from subsidiary to &libsy and from location to

location. The extent to which the various locatiansas learning opportunities partly



depends on how varied they are, how knowledge snterthey are and whether the

knowledge they embody is specific and relevanh&ofirm’s activities.

3. Hypotheses and related discussion

On the basis of the processes of knowledge acmuisgtketched in the previous

section we derive at the following hypotheses. thirsve consider the effects of

enterprise internal sources of knowledge on inrnioagterformance.

H1 Enterprises that engage in own developmennoikedge and innovation via
R&D expenditure are likely to show a higher innowat performance
compared to other enterprises.

Secondly, there are two hypotheses related to ¢haisition of knowledge through

internal channels of transfer and location.

H2a Enterprises that are part of companies thatrapge within internal networks
are more likely to be innovative than enterprisémttare part of an
independent, single-unit firm on the assumptiort tinere is exchange of
knowledge between units of the same company.

The second hypothesis 2b related to company iftastarorks addresses the location

of the company internal networks. We expect thdemsive international internal

networks have a higher impact on innovation pertoroe compared with national
only networks, because they enable access to asdivange of knowledge (Frenz et

al. 2005; Frenz and letto-Gillies, 2007).

* The assumption that there is exchange of knowléégeeen units of the same company does not
mean acceptance that companies and TNCs in pantiaté highly efficient channels for the internal
spread of knowledge (Kogut and Zander, 1993). Thoug tend to accept Forsgren’s (2006) critique
of Kogut and Zander’s approach, nonetheless wenassliat some knowledge exchange takes place
between units of the same company.



H2b Enterprises that are part of an internal netwdahat operates in several
countries, and, therefore, are part of a transnatibcompany, are more likely
to show high innovation performance compared temgmises which belong to
companies operating in a single country, in ourectte UK.

Our third set of hypotheses relates to the impaaeixternal transfers of knowledge

through channels outside the ownership structurghef company to which the

enterprise may belong. Enterprises can acquirewlkatlge via cooperative

agreements with other private firms or with pubhstitutions and universities. We
expect a positive impact on performance. As meptioim section two we see this
third source as intermediate between own generatianR&D® and transfer via

internal networks.

H3a Cooperative agreements with external instindioncrease the potential for
knowledge acquisition and innovation.

H3b Cooperative agreements with external instingion different countries may
further increase the potential for knowledge actjigis because they may
allow the enterprise to access the diverse knovdetfghe different countries
and innovation systems.

Our single country study does not give scope fonmarative analyses of different

macro environments such as different national syst®f innovation. However,

macro elements may have different effect accorttingectors and this is one of the
reasons why we include ‘sectors’ in the controlaaes.
Some issues arise which have a bearing on thepretation of the results.

First the extent to which théhree sourcesre related that is whether and to what

extent the three sources aremplementaryor substitutesin terms of innovation

® Some R&D expenditure may indeed go towards fundisiborative ventures on innovation. We
have no way of separating the expenditure direiteblo activities from that directed to collabarat
activities.



development. Is the enterprise with substantial R&penditure and, therefore, with
substantial own source of innovation more or lekely to engage in innovation
development via collaborative agreements or viarndl transfers? There is @

priori conclusion: it could be that reliance on own sosieads to a lower level of
activity to secure acquisition via collaborationwa internal transfers. However, it
could also be that innovation active enterprisesaative at all levels and with regard
to all sources; moreover, a research strong emgerpnay attract attention from
internal or external units willing to engage in krledge development and transfers.

Similarly, is an enterprise which is part of aneimal network more or less
likely to seek external innovation cooperation? Asidn enterprise with access to an
international internal network — because it is mdra TNC — more or less likely to
seek international external innovation linkages?

Again these questions cannot be answergdiori. It may be argued that the
existence of internal networks gives the enterpase opportunity to engage in
external collaborations and, therefore, that the types of linkages — internal and
external — develop as complements within either tfaional or international
dimension. On the other hand, it may be arguedahatnterprise that has access to
knowledge in other locations — be they within tlaional territory or international —
has less need to seek costly and risky externglerative agreements; therefore, in
this perspective, the relationship will be seeroas of substitution. Both cases are
plausible and it may be that in reality the relasioip is, partly, sector-specific. For
example, in research intensive sectors where irtiowvapecific cooperative
agreements are very risky in terms of knowledg#os@rs away from the enterprise
the trend might be more towards the establishmemternal channels of knowledge

acquisition rather than external ones.
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If the relationship between internal networks artmal collaborations is one
of substitution we would expect enterprises that@art of wide internal networks to
be less likely to engage in external agreementse wersa in the case of a
complementary relationship. However, once the ent® is involved in all three
types of networks, we would expect all of them tontcbute to innovation
performance and an enterprise that has access it® timan one type of source to
exhibit a higher innovation performance comparethwan enterprise that has access
to one type of source only. Ex ante the enterpriag decide whether it would make
sense in terms of its innovation strategy to engaganovation-specific external
agreements; however, ex post one would expectip®sitnovation outcomes from
the strategy. We shall present correlation codfits to throw some light on the
complementarity versus substitution relationshipveen the sources of knowledge
and innovation.

The second issue we want to discuss relates toatuee of our information in
relation to the hypotheses. First, we should nb&t dur study and our performance
indicators relate to innovation; yet many of thenpmade above refer to knowledge.
There is clearly a relationship between knowledgd imnovation; the latter would
not be possible without the former. Thus knowledigeelopment is essential for
innovation. However, not all knowledge leads toowation; unless the business,
social and economic conditions are congenial, wey rhave development of
knowledge without corresponding development in vaton let alone improved
performance linked to innovation.

Second, it must also be noted that the role andipo®f internal and external
linkages are not symmetrical. Strategically, thenmal networks are developed by the

company with a variety of objectives in mind rarggiinom location of the whole or

11



parts of the production process to the developrokntarkets, to the search for assets
or resources. Knowledge acquisition and innovatimay play a role but not in all
cases, and, even where it does, it is unlikelyetéhte main one. If the variable related
to internal networks were to show low or no effeatinnovation performance this
could be due to a variety of reasons and spedyic@l) there is indeed low level of
knowledge transfer within the company — contrarythe evolutionary theory’s
conclusions. There may be many reasons for thesstitategies of the company’s HQs
or the enterprise itself or the internal organmatof the company does not facilitate
knowledge transfer; and (b) our variable — on whinobre in the next section - does
not fully capture the full relationship between twmmpany’s units.

In the case of external collaborations the revefdbe latter statement is true,
particularly, because in the case of the CIS datwléich we are going to use, the
specific variable we use refers to cooperation @gents with the aim of developing

and sharing innovations.

4. Data and methods

4.1 The Community Innovation Survey

The data used derives from the second and third n@omty Innovation Surveys
(CIS). The Department of Trade and Industry conetic®IS3 in 2001 and CIS2 in
1997. Among the innovation surveys readily avadabl the UK (and for that matter
in the EU) the Community Innovation Survey is p@hdhe most comprehensive
database; comprehensive in terms of the enterpsigeseyed — the CIS covers all
manufacturing sectors and most private servicedgi@e C to K of the UK standard
industrial classification of economic activitiesy avell as small (10 or more

employees) and large enterprises, in terms of #mge of questionnaire items

12



including direct measures of innovation activitydaa wide variety of factors
influencing innovation.

Questions asked in CIS relate to input and outpedsures of innovation as
well as cooperation on innovation. Information drustural characteristics is also
provided, in particular enterprise size, in ternmhigusnover and employment figures.
In addition to the questionnaire data, the CISudel information from the Inter-
Departmental Business Register. The latter giviegnmation on structural features of
the surveyed enterprises as well as whether tip@nelent is part of a wider company
group or whether the enterprise is independent.

This paper is based on the overlap between CIS3C484; it relates to all
those enterprises that answered both CIS3 and J18&2.choice was guided by two
aims: first, to include among the variables of iwetmon performance the extent of
sustainability and continuity of innovation; forighwe needed a dynamic perspective
on innovation performance; and second, to allowddime-lag between input and
output variables. In total 786 enterprises answbml CIS3 and CIS2.

With respect to the internal company network at ititernational level, the
CIS does not contain the relevant information; tideo to access it we use Dun and
Bradstreet's ‘Who owns Whom’ (WoWa large database that gives company tree
data in the form of name, number and location disiliaries’ The CIS enterprises
were matched with the company tree data on WoWheryear 2000. The resulting
dataset used in this paper contains 679 obsergtlisi/ enterprises are part of a
TNC, out of which 137 are of foreign origin. Amotige remaining 422 enterprises

not part of a TNC — and therefore uninational firmare 159 which belong to a UK

® WoW defines subsidiaries by a 50 percent or meneesship. This constraint prevents us from
including among the TNCs all those with associata®ad i.e. with ownership stakes of 10 to 50
percent. The sample of TNCs is, therefore, undienagtd. Nonetheless the problem may be partly
compensated by the fact that the data on WoW aeditowards reporting TNCs rather than smaller
UNCs.
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uninational company group and 263 enterprises whirehindependent enterprises.
Due to missing values affecting some of the ClSabédes the final regression analysis
is based on 679 observations.

The set of 679 CIS enterprises analysed in thisepapffer from the
distribution of the whole population in the follavg: there is a bias towards large
enterprises (50 employees or more) and towards factowing. Low technology
intensive private services are under-representddpablic services are not included

in the survey

4.2 Dependent variables

Innovation performance is a multidimensional conaam is represented by several
indicators taken from the CIS3, as well as from Ithk between CIS3 and CIS2. In
particular we use variables related to product-typeovations and the share of
turnover derived from product innovations.

The first variable used to measure innovationgrarance is calleérobucT
INNOVATION. Enterprises were asked whether or not they intredany new products
(goods and services) which were new to the ensspduring the three year period
1998 to 2000. The resulting variable is a binaryialde, coded as zero if the
enterprises did not introduce a new product an@édas one if they introduced a new
product. The second variable is calledvVEL PRODUCT INNOVATION If enterprises

answered yes to the question related to produabvemion, it was further asked

" There are 786 enterprises in the CIS overlapenterprises that answered both CIS3 and CIS2. 478
of these are included in the WoW database. All dqt@rprises included in WoW are enterprises that
belong to a wider company group. Of the remaini@§ rms, which could not be matched with

WoW, 201 were independent entities, according ¢oQlS variable on group belonging. In 107 of the
786 observations common to CIS3 and CIS2 all tferimation available is that the enterprises belong
to a company group. It is not known whether thevaht company-group is uni- or multinational; nor
is anything about their degree of multinationakhyown. For this reason those 107 observations have
been dropped from the analysis.
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whether or not the new product was not only newhéoenterprise, but also new to the
enterprise’s market. The next variable is desigiwedapture whether innovation is
long term and sustained or a more temporary phenomelo capture product-type
innovation we construct a variable calledSTAINED PRODUCT INNOVATIONWhich
takes a value of one if the enterprise engagedadyzt innovation in both CIS2 and
CIS3 and zero otherwise, i.e. the enterprises hasvaproduct in either CIS2 or CIS3
or in neither survey periofls

The second set of variables measures the shatarmfver from product
innovations. The variableURNOVER IMPROVED PRODUCT$Neasures the percentage of
turnover in the year 2000 which an enterprise gdpdr through significantly
improved products. The variablRJRNOVER FROM NEW PRODUCTSS the share of
turnover which derived from new products, and fnalURNOVER FROM NOVEL

PRODUCTSIS the percentage of turnover from new-to-marketipcts.

4.3 Independent variables
In order to test our first hypothesis which statlkat firms generate innovations
through internal R&D sources we use a variable tagitures whether or not an
enterprise had expenditures related to intramu Rver a prolonged period of
time; i.e. the enterprise declared to have cawigdntramural R&D in both CIS2 and
3. We therefore distinguish enterprises that cowtusly commit to in-house R&D
from those which may carry out R&D on a one-offibas in relation to a single
project. This variable is callee&D.

The next set of independent variables refers toacheristics of the wider

company-internal network. To test hypothesis 2ajclwistates that access to an

® The persistence of innovative activities has betadied in Cefis (2003) and Cefis and Orsenigo
(2001). Frenz and letto-Gillies (2007) assessriipgact of multinationality on it.
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internal network irrespectively of where it is loeed is positively associated with
innovation performance, we use a variable caN@drRNAL NETWORK. This variable is
a binary variable coded 1 if an enterprise was péra wider company internal
network and is coded O otherwise.

To test hypothesis 2b we use a variable calle@RNATIONAL INTERNAL
NETWORK. This variable is coded 1 when an enterprise is @laan internal network
that spans over two or more countries, i.e. therpnse is part of a TNC and is coded
0 if the enterprises not part of a TNC, i.e. if drderprise is part of a group operating
in the UK only or if the enterprise is independértius, the variableNTERNATIONAL
INTERNAL NETWORKSIS a subset of the variableTERNAL NETWORK.

In relation to our third set of hypotheses, whiatald with the effects of
innovation-specific external networks as a sourcéoovation inputs, we use two
variables measuring cooperation on innovation @erivom CIS2 data, thus allowing
for a time-lag between cooperation activity andowation performance. Using the
time-lag has the advantage that, at least to soteste this addresses potential issues
of endogeneity between those two variables; i.enaly be possible that increased
innovation leads to increased cooperation actiMye elaborate on this point in the
methods section of the paper.

The first variable, designed to examine hypoth&sis is calledEXTERNAL
NETWORK. This is a dummy variable that distinguishes betweeaterprises that
engaged in cooperation activities on innovationhwerganisations which may be
located inside the UK or outside the UK between419®d 1996 (coded 1) and
enterprises that had no cooperation agreementsdddd

The second variable, which is designed to test tingsis 3b, is called

INTERNATIONAL EXTERNAL NETWORK. This variable selects all those enterprises that
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engaged in cooperation agreements with organisatawated outside the UK (coded
as 1), and deselects enterprises that did not engagcooperation with other

organisations located abroad (coded as 0).

4.4 Control variables

A set of control variables is designed to captadrstry environment of the enterprise
and enterprise size. In the empirical analyses overal for the main effects of the

INDUSTRY in which an enterprise operates. Here, we disisigietween eleven

industry sectors and the relevant dummy variablesircluded in the regression,
however, they are omitted from the presentatiomestilts in the regression tabfes.
The variable that measures enterprise size isdcCaN€ERPRISE SIZEand is the natural

log of the number of employees.

4.5 Methods

Following some descriptive statistics summarising dependent and independent
variables we test the hypotheses developed in @edthree using single equation
regression methods, more specifically probit artwk tmodels.

For a number of reasons our estimations are no¢lpastimations. This is
because (i) information on internal networks isyambailable for one time period; (ii)
there are important differences in the questiomsawnf CIS2 and CIS3; and (i)
because our dependent variables are qualitatiiended dependent variables. With

respect to (iii) this means that there is an ingide parameter problem in panel

® The eleven industry dummies are: 1. Machineryegquipment incl. transport equipment, 2. non-
metallic and metal products, 3. textiles, leatpehlishing, printing, 4. manufacturing not elsevéher
classified incl. utilities, construction and minjrigy other business activities incl. real estate, 6
communication equipment and scientific instrumemntginancial, insurance, post and
telecommunications, 8. wholesale, retail and tr&dé&ansport services, 10. food, beverages and
tobacco, 11. chemicals and pharmaceuticals.

17



estimations. For example, in the case of probitmegtons used here, as well as in the
case of alternative estimation models for binarpeshelent variables such as logit
models, evidence suggests that for T=2 (two tintéods) the bias in the maximum
likelihood estimators may be as high as 100 per@@rgene, 2003, Kennedy, 2003).

There are, of course, problems related to singleton regressions which we
now turn to. First, there is the problem that cétysand the direction of causality can
not be inferred on the basis of cross-sectionakessjons. Second, and related to this,
there may be issues of endogeneity. AlImost allades carry at least some degree of
endogeneity, and in this paper, cooperation onvation may be jointly determined
with innovation performance.

This issue of endogeneity is, at least to somengxtaddressed through the
introduction of time-lags with respect to the co@pen variables which are measured
using CIS2 and linked to innovation performanc€I83.

Alternative estimation taking into account issuet endogeneity are
instrument variable techniques. Instrumental vadeialechniques (or simultaneous
equations) require that suitable instruments avadoi.e. instruments must be truly
exogenous to the system and must be highly coecthaith the endogenous variable,
a requirement which is difficult to match and omgbd grounds we decided not to
apply instrumental variable techniques in this pape

Finally, a problem arises because the variaRiEERNATIONAL INTERNAL
NETWORKS S a subset of the variabl®TERNAL NETWORKS (r=0.62) and the same
holds for EXTERNAL NETWORKS (r=0.72).Because the coefficients are based on the
unique contribution of each independent variabteefficients are likely to be less
significant. In order to examine this effect in matetail we first compute two models

which contain just one indicator of internal andeandicator of external networks.
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This is followed by a third model which containd midependent variables. The

following equations are estimated to test loyppotheses

Equation 1
Yi = a+ i1 R&D + [, INTERNAL NETWORKt+ ff3 EXTERNAL NETWORK+ y CONTROL
VARIABLES ¢
Equation 2
Yi = a+ i1 R&D + [, INTERNATIONAL INTERNAL NETWOR¥ f3 INTERNATIONAL
EXTERNAL NETWORK+ y CONTROL VARIABLES ¢
Equation 3
Yi = a+ i1 R&D + [, INTERNAL NETWORKt+ f33 INTERNATIONAL INTERNAL NETWORK
P4 EXTERNAL NETWORKF fB5 INTERNATIONAL EXTERNAL NETWORK 7 CONTROL
VARIABLES ¢
where Y is a measure of innovation performance and takesthe following
meanings: product innovation; novel product innmrgt sustained product
innovation; turnover from improved products; tureo¥rom new products; turnover
from novel products.
Probit models are estimated in the case of bidapendent variables and tobit
models censored at zero in the case of the pegemtaturnover from innovations.

Marginal effects, the change in absolute probabdit the outcome induced by the

regressors dy/dx, are reported.

5. Results

Table 1 gives the results of the descriptive dtatisWe also include the tolerance
value for each of the independent variables in rorde examine the extent of
multicollinearity between them. A correlation matshowing the zero order inter-

correlations between the dependent and indepenrdeables is in Appendix B.
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Table 1 Variablesand their descriptive statistics

Variables Mean Std. Dev. Min. Max. Tolerange
Dependent variables
1 PRODUCT INNOVATION 0.29 0.45 0.00 1.00
2 NOVEL PRODUCT INNOVATION 0.14 0.35 0.00 1.00
3 SUSTAINED PRODUCT INNOVATION 0.21 0.41 0.00 1.00
4 TURNOVER FROM IMPROVED PRODUCTS 4.57 13.45 0.00 100.00
5 TURNOVER FROM NEW PRODUCTS 3.65 11.05 0.00 100.00
6 TURNOVER FROM NOVEL PRODUCTS 2.48 11.08 0.00 100.00
Independent variables
7 R&D 0.13 0.33 0.00 1.00 0.94
8 INTERNAL NETWORKS 0.61 0.49 0.00 1.00 0.50
9 INTERNATIONAL INTERNAL NETWORKS 0.38 0.49 0.00 1.00 0.58
10 EXTERNAL NETWORKS 0.27 0.44 0.00 1.00 0.46
11 INTERNATIONAL EXTERNAL NETWORKS 0.16 0.37 0.00 1.00 0.47
Control variables
12 ENTERPRISE SIZE 4.53 1.45 2.40 9.74 0.64

Industry dummies are omitted. Number of observatien679 with the exception of the variables
Turnover from improved products, turnover from npseducts where the number of observations is
664. This is because 15 respondents who did netaarthe relevant question were dropped.

Table 1 shows that there are 29 percent produaivators in CIS3 (T2: 1998 to
2000), 14 percent novel product innovators, 21 grdrsustained product innovators
in the dataset. The average share of turnover ingpnoved products is 4.57 percent,
from new products 3.65 percent and from novel pctsl@.48 percent.

Turning now to our independent variables, Tablehdws that 13 percent of
enterprises carried out in-house R&D between 1984 3000, 61 percent of
enterprises are part of an internal network, hesé enterprises are part of a wider
company group and that 38 percent of enterprisepant of an international internal
network, i.e. they belong to a TNC. 27 percent ofegprises declared that they
cooperated on innovation in CIS2 (T1: 1994 to 1986)l 16 percent reported that
they cooperated with another organisation locatetside the UK. As mentioned
before, the zero-order inter-correlations betwdenwariables internal networks and
international internal networks, as well as theeiirtorrelations between external
networks and international internal networks arevab0.60. In order to investigate

this further, we computed the tolerance values Wwhijive the proportion of a
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independent variables variance not accounted foothgr independent variables in
the model. These suggest that the individual exgitay power when estimating the
full model, Equation 3, lies between 0.47 and OB respect to our independent
variables capturing external sources for innovatidhis in itself is not a serious
problem; however, it means that the regressionficeaits may under-estimate the
true effects of these variables when using Equaion

Table 2 presents the results of the regression tiequavhich tests the

hypotheses developed in Section Three of the paper.
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Table 2 Regression results

Dependent variables Hyp PRODUCT INNOVATION NOVEL PRODUCT INNOVATION SUSTAINED PRODUCT INNOVATION
Estimation model: probit Modéal Model2 Model 3 Modell Model2 Model 3 Modell Model2 Model 3
Independent variables M.E. M.E. M.E. M.E. M.E. M.E. M.E. M.E. M.E.
R&D H1| 0.39** 0.39%** 0.39%** 0.25%* 0.24%* 0.24%** 0.3 8*** 0.39%** 0.378***
(6.28) (6.30) (6.21) (5.51) (5.52) (5.40) (0.83) .08) (6.80)
INTERNAL NETWORK H2a 0.11* 0.06 0.04 0.01 0.03 0.01
(2.34) (1.15) (1.34) (0.24) (0.83) (0.16)
INTERNATIONAL INTERNAL ~ H2b 0.11%** 0.08* 0.07** 0.06* 0.04 0.04
NETWORK (2.57) (1.67) (2.18) (1.73) (1.24) (2.02)
EXTERNAL NETWORK H3a 0.10* 0.04 0.03 0.02 0.16*** 0.09**
(2.41) (0.62) (1.10) (0.48) (4.25) (1.96)
INTERNATIONAL EXTERNAL ~ H3b 0.14%** 0.11 0.03 0.02 0.19*** 0.09
NETWORK (2.64) (1.46) (0.96) (0.37) (4.01) (1.58)
Control variables
ENTERPRISE SIZE 0.04** 0.04%** 0.03** 0.02 0.01 0.01 0.03%*** 0.04** 0.03**
(2.29) (2.70) (2.00) (1.47) (1.42) (1.17) (2.65) 9P (2.41)
INDUSTRY DUMMIES YES YES YES YES YES YES YES YES YES
P(Y=1X=X) 0.26 0.26 0.26 0.11 0.11 0.11 0.15 0.15 0.15
N 679 679 679 679 679 679 679 679 679
Modely?(d.f.) 161.71(16)*** 165.68(16)** 167.48(18)*% 83.66(16)*** 86.74(16)*** 87.04(18)** 206.98(16)** 207.25(16)*** 211.12(18)**
Pseudo R 0.20 0.20 0.20 0.15 0.16 0.16 0.29 0.29 0.30

3

* p<0.10; ** p<0.05; *** p<0.01. All regressions @restimated with a constant. Marginal effects (Ve given with the z statistics in parenthese&.Mre calculated at the means of the
regressors in the case of continuous data anddorete change from 0 to 1 in the case of dichot@snariables. The results for industry dummiesoanéted from the table.



Table 2 Regression results continued

Dependent variables Hvyp TURNOVER FROM IMPROVED PRODUCTS TURNOVER FROM NEW PRODUCTS TURNOVER FROM NOVEL PRODUCTS
Estimation model: tobit Modél Model2 Model 3 Modell Model2 Model 3 Modell Model2 Model 3
Independent variables M.E. M.E. M.E. M.E. M.E. M.E. M.E. M.E. M.E.
R&D H1| 0.18** 0.19%** 0.18** 0.26*** 0.27%* 0.26*** 0.1 6*** 0.16*** 0.16%**
(3.64) (3.79) (3.57) (4.93) (5.03) (4.73) (3.52) .53 (3.42)
INTERNAL NETWORK H2g4 0.07** 0.04 0.08** 0.03 0.05** 0.01
(2.01) (0.97) (2.15) (0.61) (2.05) (0.44)
INTERNATIONAL INTERNAL H2h 0.07** 0.05 0.10%** 0.09** 0.08*** 0.07*
NETWORK (2.07) (1.34) (2.81) (2.08) (2.80) (2.13)
EXTERNAL NETWORK H34 0.08** 0.06 0.09** 0.06 0.02 0.01
(2.39) (1.30) (2.30) (1.12) (0.92) (0.30)
INTERNATIONAL EXTERNAL ~ H3b 0.08** 0.04 0.09** 0.04 0.03 0.02
NETWORK (2.02) (0.69) (2.02) (0.75) (0.89) (0.46)
Control variables
ENTERPRISE SIZE 0.01 0.02* 0.01 0.01 0.01 0.003 0.004 0.002 0.0003
(1.27) (1.64) (1.00) (0.65) (0.69) (0.27) (0.39) .20 (0.03)
INDUSTRY DUMMIES ARE YES YES YES YES YES YES YES YES YES
P(Y | a<X<b) 0.16 0.16 0.16 0.19 0.18 0.18 0.10 0.09 0.09
N 664 664 664 664 664 664 679 679 679
Modelx2 (d.f) 90.95(16)*** 90.76(16)*** 93.64(18)***| 120.51(16)*** 124.49(16)*** 126.26(18)* 67.31(16)*** 72.75(16)***  73.04(18)
Pseudo R 0.05 0.05 0.05 0.06 0.07 0.07 0.05 0.06 0.06
Number of observations 533 533 553 509 509 509 590 590 590
censored at zero

* p<0.10; ** p<0.05; *** p<0.01. All regressions arestimated with a constant. Marginal effects (YdEe given with the z statistics in parenthese&.Mre calculated at the means of the
regressors in the case of continuous data anddorete change from 0 to 1 in the case of dichot@snariables. The results for industry dummiesoanéted from the table.
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Looking at the regression results in Table 2, we ftrong support for hypothesis 1
which suggests that internal sources via R&D arpoitant in the generation of
innovations. The variabl®&D is the strongest and most significant independent
variable across all models.

In relation to Hypothesis 2a, we find a positives@ciation between internal
networks and innovation performance supported id@&ld for almost all indicators
of innovation performance. Exceptions areVEL PRODUCT INNOVATION and
SUSTAINED PRODUCT INNOVATION Examining the fuller model, Model 3, the positive
and significant association between internal net&oper se, and innovation
performance disappears. With respect to hypothasisvhich states that there is a
positive association between international intermatworks and innovation
performance over and above internal netwqsse this, too, is supported. Model 2
shows that the variableNTERNATIONAL INTERNAL NETWORKS iS positively and
significantly associated with all indictors of inradion performance and Model 3
shows that this association is greater over andrealam association with internal
networks irrespectively of their location.

With respect to Hypotheses 3a and b, which stae there is a positive link
between external networks and innovation, a sinpiédtern emerges. BOHXTERNAL
and INTERNATIONAL EXTERNAL NETWORKS are positively and strongly significantly
related to innovation performance. Model 3, howgewerggests that there are no
additional effects ONTERNATIONAL EXTERNAL NETWORKSOver and aboveEXTERNAL
NETWORKS in the case 0PRODUCT INNOVATION, SUSTAINED PRODUCT INNOVATION
and TURNOVER FROM IMPROVED and NEW PRODUCTS i.e. there is no positive
association between international external netwarkse we control for external

networksper se.This suggests that benefits are greater when ttezrat network is



within geographical reach, i.e. lies within the satountry — in this case the UK. This
IS, however, not true where new-to-market innovetiare concerned. Here, Model 3
suggests thalNTERNATIONAL EXTERNAL NETWORKS are more conducive to increased
innovation performance.

With respect toENTERPRISE SIzE Table 2 indicates that this is positively
correlated to product innovation, sustained prodoopvation and turnover from
improved products, where&@sITERPRISE SIzES unrelated to the remaining indicators
of innovations. Finally, there are strongbDusTRY effects with chemicals and
pharmaceuticals, communication equipment and sfiemstruments, and post and
telecommunication services having the highest p@siimpact on innovation
performance. In the following section we discussfthdings presented here and their
implications; we shall also point towards areaslimiitations as well as possible

guestions for future research.

6. Discussion and conclusions

The paper starts with a discussion of possible cesurof knowledge acquisition
specifically in terms of the enterprise’s own gextien versus transfer from other
sources. The former — own generation — can takeeplaa solo activities or via
collaborative activities. A discussion on issuestezl to the transfer of knowledge
follows.

On the assumption that various sources of knowleatgelikely to have a
positive impact on innovation, we then formulateefihypotheses in relation to:
acquisition via own development of knowledge antbiwration; acquisition via intra-
firm knowledge transfer and acquisition via colleddtve agreements. For each of the

last two cases we develop two hypotheses: oneecelat internal networks and
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external collaborative agreements in general;, amel related to their international
dimension.

Empirically we measure the impact of own generasoarces of knowledge
leading to innovation activities via an indicatdrsmustained in-house R&D activity.
We capture intra-firm knowledge transfer via a able indicating whether the
enterprise belongs to a company with an internalvoik of subsidiaries; acquisition
via external collaboration is considered throughvaiable designed to capture
innovation-specific agreements between the surveperprise and external partners.
The variables on R&D and collaborative agreemegtsvd from CIS data, while the
variable on internal networks derives from the Wd#fabase. Dynamic elements are
introduced via the use of CIS2 and CIS3 data.

Following an analysis of data sources and meth@yolee present the results
of our regressions. These show that R&D expendiirthie most important of the
three sources of innovation considered.

The second most important factor in the regressasults are intra-firm
knowledge transfers. Here, it is in particular thiernational dimension of intra-firm
networks which impacts positively on enterpriseshavation performance. Our
findings suggest that enterprises which, througmpmanies’ internal networks, are
able to tap into resources located in differentntoes, and, therefore, different
national systems of innovation, are more likelyniwoduce new-to-market products
and have a higher share of turnover from new prsduc

Turning to the effects of knowledge acquisition e@laborative agreements,
our findings suggest that cooperations increasedigeof incremental innovation. For
example, we find a significant impact of coopenatmn innovation and continuous

product innovation (which may be new to the firmrew to the firm’s market);
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however, we do not find that cooperation matterstenrms of new-to-market

innovations. This seems to indicate that enterprisich are at the forefront of
innovation rely to a lesser extent on knowledgesesifrom outside the company. A
possible explanation for this result is that suokemrises may be less inclined to
engage in collaborative agreements on innovatiaralse they may fear that their
own knowledge on their new products may leak ouival firms.

On the issue of relevance of the international disren we find that it matters
in the case of intra-firm networks but not in trese of external collaborations. There
are two possible and compatible explanations fisrrégsult. First, that the relationship
between international external collaborations anternal networks is one of
substitution more than complementarity: a resultralmrated by the correlation
coefficients presented and discussed in AppendixSé&cond, that this regression
result may be that subsidiaries are less likelgrtgage in international collaborations
and that they are the ones most responsible foresults. In order to draw firmer
conclusions we would need to probe further intospme divergence of behaviour
between those enterprises that are HQs of a comguashyhose that are subsidiaries:
an issue we intend to research on at later stage.

With respect to firm size we find that it is pogly correlated to continuous
and perhaps more incremental types of innovatidng, not to new-to-market
innovations; however the results are not signific&inally, and as expected, the
sectoral environment an enterprise operates inensattith respect to innovation. In
the case of our sample we find that enterprise<hvbperate in the chemical and
pharmaceutical sectors, communication equipment smentific instruments and
telecommunication services are much more innovédtia® enterprises operating in

the remaining technological environments.
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These initial results warrant more research on éffects on innovation
performance of different sources of knowledge by éimterprises and companies as
well as on the international dimensions of suclaragements. For example, another
separate dimension on sources and innovation hado twith the nature of the
enterprise surveyed. Within the CIS database, thneeged enterprises may belong to
a foreign company — in which case they are paa wénsnational corporation — or to
a domestic company which may or may not be a tatiesmal. Within the enterprises
part of a domestic company some are subsidiaridssame are the HQs of the
company, while in the case of a foreign transnaficompany the enterprise surveyed
will always be a subsidiary. This issue has beguloegd by Castellani and Zanfei
(2006) in the case of Italian enterprises and atigesassociation between HQ and
innovation performance was found. In this perspecit would be interesting to
considet’, for example, whether the involvement in collalivea agreements and
their impact on innovation performance vary acaogdop the position of the surveyed
enterprise and specifically: whether the enterpisemore likely to engage in
cooperation agreements if it is the HQ of a compeatiier than a subsidiary; and
whether the impact on innovation performance dsffdf that is the case it would
point — inter alias — to the fact that subsidiaayd less freedom to engage in external

innovation-related agreements.

19 As mentioned, we plan to develop this part ofitloek at a later stage.
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Appendix A Therelationship between internal networks and external collaborative
agreements on innovation

Here we analyse the relationship between interealvaorks and external innovation-
related collaborative agreements and in particwlather such a relationship is likely to
be one ofsubstitutionor complementarity In other words and ceteris paribus, is an
enterprise which is part of an internal network enar less likely to seek external
innovation cooperation? Similarly, is an enterpisth access to an international internal
network, because it is part of a TNC, more or ldssgy to seek external innovation
linkages internationally or within the UK?

These questions cannot be answexgatiori. It may be argued that the existence
of internal networks gives the enterprise an oppoty to engage in external
collaborations and, therefore, that the two typkedinkages — internal and external —
develop as complements within either the natiomainternational dimension. On the
other hand, it may be argued that an enterprisehas access to knowledge in other
locations via the internal network of which it iarp— be they within the national territory
or international — has less need to seek costlyrigkgl external cooperative agreements;
therefore, in this perspective, the relationshifi i seen as one of substitution. Both
cases are plausible and it may be that in redigyrélationship is, partly, sector-specific.
For example, in sectors where innovation-speciicperative agreements are very risky
and/or firms aim at appropriating their knowledgeernally, e.g. research-intensive
sectors, the trend might be more towards the eskebént of internal channels of
knowledge development and spread rather than exltenes.

There is another aspect of the complementarity bstdution relationship
between internal and external agreements whichheeld highlight. According to the
organizational structure of — and the control medras within — the company, the
surveyed enterprise may or may not have a largeedagf autonomy in forging external
networks. The degree of autonomy is likely to bghkr with regard to external networks
within the country in which the enterprise operates our case the UK — than for
external linkages abroad.

In fact, the probability of our enterprise engagingexternal innovative linkages
abroad may depend on a variety of elements andifigadlg. First, whether the
headquarters of the company — let’s call it comp#dny favour such a strategy and give
autonomy for its development. Second, whether éneign country — say France — does
or does not have subsidiaries of company X locatigdin it. If it does, it seems likely
that the external firms and institutions in Frane#l forge collaborative agreements
directly with the French subsidiary rather than British one. We would therefore
expect enterprises belonging to TNCs with interregivorks in many countries to be less
likely to engage directly in external cooperati@msoad: the company’'s Head Quarters
of other foreign subsidiaries may do it instead.

This discussion on the relationship between intem&tworks and external
collaborations leads us to the following conclusion

1. The extent to which enterprises that are part ofnégrnal network engage in
external agreements may partly depend on the antptizey have from the HQ.

2. An enterprise that is part of a wide internal intgronal network may be less
likely to be involved in international external wetrks because the
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subsidiary(ies) in the foreign country or the HQ8l wake over the task of
forging those external linkages. This may poinateelationship of substitution
between international internal networks and inteomal external collaborations.
3. In spite of the conclusion in 3 regarding interoaél linkages, our conclusion
regarding linkages in general is that there is mwiari reason why internal and
external networks as a whole should be complemgwotasubstitute: enterprises
that belong to internal networks are not necessard priori — likely to engage
in external cooperations; the outcome may be saptecific.
Whatever the relationships between internal netevakd innovation-related external
collaborations on and whatever the ex ante reafwribe establishment of internal and
external networks, ex post we expect a positivevation performance.

To shed some light on the complementarity vs. switisin relationship in our
sample we present in Table Al the inter-correlatidaetween internal and external
networks.

For total enterprises both coefficients are posi@nd significant. However the
coefficient for international internal and interioatal external network is lower than the
one for total internal and external networks. Thigght be a sign that indeed those
enterprises that belong to international internefworks are less likely to engage in
international external collaborative agreementshaslinkages abroad would be gorged
either by HQs or by the enterprises in the foreguantry as highlighted in point 2 above.
We were therefore expecting a relationship of stigin; however, the full analysis of
the relationship would require a country by courdasgessment, quite beyond the scope
of this paper. The low positive coefficients maynpdo substitution in those countries
where there are both subsidiaries of companies extérnal collaborations with
complementarity for those countries where the campdoes not have direct internal
networks. The sectors results are mostly positihe; size and significance of the
coefficients is affected by the size of the samples

Table Al. Inter-correations between internal and exter nal networks

Number of Internal network International internal
observations and external network and
networksin toto  international externa

Industry sectors networks
All enterprises 538 0.21*** 0.16%**
Food, beverages and tobacco 31 0.26 0.25
Textiles, leather, publishing and printing 86 0.24 0.1
Chemicals and pharmaceuticals 24 0.38t 0.08
Non-metallic and metal products 106 0.34%** 0.3#**
Machinery and equipment 108 0.12 0.13
Communication equipment 56 0.37** 0.2
Manufacturing not elsewhere classified 74 0.31** -0.06
Wholesale, retail and trade 46 0.02 0.09
Transport services 41 0.21 -0.04
Financial, insurance and telecommunicatjon a7 -0.09 0.31*
Other business activities 60 0.04 0.16

T p<0.1; * p<0.05; ** p<0.01; *** p<0.001.
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Appendix B Inter-correlations between the dependent and independent variables analysed in theregression models

Variables 1 2 3 4 5 6 7 8 9 10 11 12
1 PRODUCT INNOVATION 1.00
2 NOVEL PRODUCT INNOVATION 0.64 1.00
3 SUSTAINED PRODUCT INNOVATION 0.82 0.59 1.00
4 TURNOVER FROM IMPROVED PRODUCTS 0.53 0.32 0.44 1.00
5 TURNOVER FROM NEW PRODUCTS 0.52 0.45 0.45 0.28 1.00
6 TURNOVER FROM NOVEL PRODUCTS 0.35 0.55 0.26 0.23 0.63 1.00
7 R&D 0.33 0.29 0.38 0.16 0.21 0.11 1.00
8 INTERNAL NETWORKS 0.19 0.11 0.14 0.11 0.09 0.06 0.08 1.00
9 INTERNATIONAL INTERNAL NETWORKS 0.24 0.16 0.21 0.14 0.15 0.11 0.13 0.62 1.00
10 EXTERNAL NETWORKS 0.25 0.17 0.33 0.15 0.18 0.07 0.23 0.23 0.25 1.00
11 INTERNATIONAL EXTERNAL NETWORKS 0.24 0.15 0.28 0.16 0.16 0.06 0.16 0.19 0.28.72 1.00
12 ENTERPRISE SIZE 0.16 0.11 0.16 0.10 0.03 0.01 0.11 0.57 0.45 0.260.20 1.00

Variables 1 to 6 are the dependent variables. Ws$ar to 10 the independent variables, followethieycontrol variables 11 and 12. For presentatipugoses
industry dummies have been excluded from the table.

Correlations>0.05, p<0.1; correlations>0.08, p<Qdarelations>0.10, p<0.01.
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