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Abstract

The innovation value chain (IVC) divides the inntbwa process into three separate
links or activities: knowledge gathering, knowledgansformation and knowledge
exploitation. Here, we report a comparative paraadnalysis of the IVC in Ireland
and Switzerland. Both economies are small, verynoged depend significantly on
innovation to maintain competitive advantage. loerdg years, however, R&D and
innovation growth in Ireland has been markedlyrggey than that in Switzerland. We
investigate these differences through the ‘lensthaf IVC. We identify significant
similarities between the determinants of firms’ Whedge gathering behaviours in
each country although firms are responding diffdyerio financial and legal
constraints. Strong complementarities emerge betvesgernal knowledge sources
and between firms’ internal and external knowledde. terms of knowledge
transformation — the development of new productsrocesses — we again find strong
similarities between the two countries in termshaf determinants of the probability
of innovation. The determinants of innovation irgiéy vary more, however, with
external ownership significantly more importantlialand. Finally, we consider the
link between innovation and productivity which imwves significant endogeneity
issues. Two-stage estimation procedures do notestigay significant links between
innovation and productivity as we might expect frtita macro-economic evidence.
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1. Introduction

For small open economies such as Ireland and Svatxk without significant natural
resource endowments, innovation is an importanhefd of sustained international
competitiveness (Guellec and van Pottelsberghe)2dWds is perhaps most obvious
in manufacturing products where Europe’s high-cggbducers compete in
increasingly globalised markets. Innovation itsélbwever — the introduction of a
new product or process — is only part of a widexcpss through which firms gather or
create knowledge, translate that knowledge int@ipemarket offerings, and then
seek to exploit these products or process in theketta Here, we are interested in
modelling this innovation value chain (IVC) in lagld and Switzerland, beginning
with firms’ attempts to assemble the bundle ofatéht types of knowledge necessary
for innovation (Hansen and Birkinshaw 2007; Ropewve, and Du 2008). This may
involve firms’ in-house R&D activities alongsidend either complementing or
substituting for, external knowledge sources (Rifta et al. 2004) Following firms’
knowledge sourcing activity, the next link in thenovation value chain is the
transformation of knowledge into physical innovaso- new products or processes.
This we model using the standard innovation prddactunction approach (Geroski
1990; Love and Roper 1999) which relates innovatatputs (i.e. new products or
processes) to knowledge inputs. In the spirit oflel® of open innovation, however,
we allow firms’ innovation outputs to reflect boifternally-generated knowledge —
the result of in-house R&D - and different typesknbwledge sourced from external
partners. The final link in the IVC relates to #eploitation of firms’ innovations, i.e.
the generation of added value. This we model usinginnovation augmented
production function (Geroski, Machin, and Van Reeh893).

Our empirical comparison relates to Ireland andt&wiand which despite common
international trading environments have demondraggy different economic growth
rates and innovation performance over recent ye@ile Republic of Ireland — the so
called ‘Celtic Tiger' — achieved economic growthesaaveraging around 9.7 per cent

! Other firms may then benefit of course as knowsedgproductivity spill-overs may also then lead to
improvements in the performance of other co-relatedo-located firms (Klette, Moen, and Griliches
2000; Beugelsdijck and Cornet 2001).

2 Cassiman and Veugelers (2002), for example, fidemice of a complementary relationship between
firms’ internal R&D and firms’ ability to benefitrém external knowledge sources. Other studies,
however, have identified a substitute relationdgl@pwveen internal knowledge investments and external
knowledge sourcing. Schmidt (2005, p. 14), for egkemnotes that for Germany ‘firms with higher
R&D intensities have a lower demand for externadedge than firms with lower R&D intensities.
The more R&D is done in-house the more knowledggeiserated internally, and the less external
knowledge is required’.

® Here we use the term Republic of Ireland to rédethe Irish nation state and Ireland to referhie t
whole island of Ireland including both the Repuldfdreland and the UK region of Northern Ireland.



between 1995 and 2004 (Northern Ireland 3.0 pet) cempared to an average of 1.4
per cent GDP growth in SwitzerlahdSimilarly, export growth averaged 9.9 per cent
pa in the Republic of Ireland over the same peciahpared to an average of 1.9 per
cent in Switzerland between 1995 and 2004. Conlgrseer the period covered by
our study (1994 to 2005) business R&D spendingwiitZerland increased steadily
reaching 2.1 per cent of GDP in 2004, with publi&Rspending accounting for
about 0.8 per cent of GDP. In the Republic of mdlaR&D spending accounted for
1.25 per cent of GDP in 2004 (1.48 per cent of GMRh public R&D spending
accounting for around 0.55 per cent of GDP (sed€eTAR.

A priori these contrasts in economic and R&D perfance suggest that we might
anticipate stronger innovation impacts on econopadormance in Ireland than in
Switzerland. Or, in terms of the IVC model, that weuld anticipate stronger

linkages between knowledge gathering, transformaéind exploitation in Ireland.

We begin in Section 2 by outlining our view of tin@ovation value chain and relate
this to other theories of the firm. Section 3 ddsxs our application of the innovation
value chain model to data for manufacturing firm&witzerland and Ireland. Section
4 reports the main empirical findings and SectiocoBcludes with a brief review of
the key empirical results and the policy and sgwaienplications.

2. Conceptual Foundations

Our focus here is the process through which firsmsirce, transform and exploit new
— and potentially pre-existing — knowledge througmovation in the Swiss and lIrish

economies. At a fundamental level, this process lwarseen as part of a broader
evolutionary (Lamarkian) dynamic in which produetdaprocess technologies are
steadily refined - and occasionally transformednd & which firms upgrade their

innovation capabilities through organisational teag (Nelson and Winter 1982). We

interpret the innovation process as potentiallyeiwp however, emphasising the
importance of the national innovation system withinich firms are operating, and

the potential benefits of operating in an environtnghere there exist rich external
knowledge sources and extensive networking oppibiesn(Edquist 2004; Nelson

1993; Edquist and Hommen 2008).

* For the Swiss data see KOF-Analysen (2007).
® Irish GDP and exports data fromww.cso.ie R&D data from Research and Development Statigtics
Ireland, 2006, Forfas, Dublin. GDP figures for Nentn Ireland from UK National Statistics.



Within this perspective, the first link in the inragion value chain is firms’
knowledge sourcing activityand here we focus, in particular, on the factehsch
shape firms’ engagement with alternative knowledgerces. More specifically, we
identify five different types of knowledge sourciagtivity which might shape firms’
innovation: in-house R&D (Shelanski and Klein 1996yward linkages to customers
(Joshi and Sharma 2004; Love and Mansury 2007 kvied links to either suppliers
or external consultants (Horn 2005; Smith and Tiedashf2005); horizontal linkages to
either competitors or through joint ventures (Hernh@®@003; Link, Paton, and Siegel
2005); and, linkages to universities or other pukdsearch centres (Del Barrio-Castro
and Garcia-Quevedo 2005). We then allow for poa¢ntomplementarities or
substitute relationships between knowledge derfv@n different sources (Veugelers
and Cassiman 1999; Love and Roper 2004). Complemees may arise, for
example, between knowledge sources due to firmgraoved scanning ability for
external knowledge, the ability to substitute eifesly internally generated for
externally sourced knowledge or vice-versa, or anbd absorptive capacity (Cohen
and Levithal, 1989). Other studies, however, haestified a substitute relationship
between internal knowledge investments and extémalledge sourcing. Schmidt
(2005, p. 14) for example, notes that for Germdmgns with higher R&D intensities
have a lower demand for external knowledge thandiwith lower R&D intensities.
The more R&D is done in-house the more knowledggeiserated internally, and the
less external knowledge is required’ (see also lanwk Roper, 2001). In what follows
we begin from this latter position, anticipatingathfirms with larger in-house
knowledge resources are less likely to need togmgaexternal knowledge sourcing
(Schmidt 2005). We summarise the probability tiahd will engage in each of the
five knowledge sourcing activities as follows:

KSit = 2k Sk KSit + 70 Rjit + y1 GOV + it (1)

(i 1,...N; firm; j, k: 1,...5; sourcing activity#k; t=1,...T)

Where K$; stands for thei firm’s knowledge sourcing activity j (or k) at tert. The
error termegj; is assumed to follow a multivariate normal disitibn with mean zero
and variance-covariance mathk whereV has values of 1 on the leading diagonal
and py=py; for j£k. For any jKS. represents each firm's other knowledge sourcing
activities. If B is positive this would suggest a complementargti@hship between
firms’ knowledge sourcing activities; negativ@ would suggest a substitute
relationshipRl;; is a set of indicators of firms’ knowledge res@s@nd, as indicated
earlier, we expecto to be negativeGOVT; reflect access to government support for



innovation and upgrading and in the light of gehekadence on the additionality of
government innovation support anticipate thatvill be positive (Buiseret, Cameron,
and Georgiou 1995; Falk 2004; Luukkonen 2000; OE0D6).

The second link in the innovation value chain ig throcess ofknowledge
transformation,in which knowledge sourced by the enterprise is translatd i
innovation outputs. This is modelled using an iratmn or knowledge production
function in which the effectiveness of firms’ knaalge transformation activities is
influenced by firms’ own knowledge resources (@hks 1992; Love and Roper
1999). In terms of innovation outputs, we followetBuggestion of Pittaway et al.
(2004) who emphasise the importance of examininth hmwoduct and process
innovation, and we anticipate that knowledge froiffecent sources may have
differential product and process effects. Joshi &mhrma (2004), for example,
suggest the importance of knowledge of customemsfepences in shaping firms’
innovation success, while Roper et al. (2008) ersiskathe greater value of
backwards and public knowledge linkages for procgsange. This suggests the
possibility of different routes through which knadge of different types might
influence different aspects of firms’ innovation tiaty and hence business
performance. In general terms we write the inn@mgiroduction function as:

INNO; = 2k pok KSiit + 91 RI'it + 92 GOV +uit (2)

Where INNQ is an innovation output indicator, k=1,5, indicate the alternative
knowledge sources identified earlieg,is the error term and other variable definitions
are as above. In the innovation production functiove have different sign
expectations for some of the independent varialblesy that in the knowledge
sourcing equations. In particular, where firms’emmal knowledge resources are
strong we would expect this to contribute positgvel the efficiency with which firms
develop new innovations but to discourage knowlestgacing (Crepon et al. 1998;
Loof and Heshmati 2001, 2002). However, as in thewdedge sourcing models, we
expect firms’ innovation outputs to be positiveglated to government assistance
(Link, Paton, and Siegel 2005).

The final link in the innovation value chainkaowledge exploitatigr.e. the process
by which enterprise performance is influenced hyoiration (Geroski, Machin, and
Van Reenen 1993). At this point we envisage thatdiacquired knowledge has been



codified into specific product or process innovasiolt is therefore these variables,
which represent the firms’ new market offeringsgattmight drive enhanced business
performance, and which provide the link betweemmdir knowledge sourcing
activities and performance. The strength of thmkdge, however, will depend on
firms’ ability to effectively implement their newr@ducts or processes and then
appropriate the full market rent from their innagas. To model this effect we use an
augmented production function including the inn@abutput measures on the right
hand side. Firm characteristics — including capitinsity - are used to capture firms’
ability to appropriate post-innovation returns. Tdiegmented production function is
expressed as:

BPERR = 40 INNG + 41 Xit + Vit 3)

Where BPERFis an indicator of business performance — heredabproductivity or
value-added per employee, INN@ a vector including innovation outputs measures
for both process and product innovation, angl iX a set of enterprise specific
variables that are hypothesized to affect proditgtiv

3. Data and methods

Our empirical analysis is based on data from twaraes: the Irish Innovation Panel
(IIP) which provides information on the innovatiaativities of Irish manufacturing
firms (both in the Irish Republic and Northern &etl) and the Swiss innovation panel
(SIP) which provides information on the activit@sSwiss manufacturing firms. The
Irish Innovation Panel provides information on mi@cturing plants’ technology
adoption, networking and performance over the peti®91-2005. More specifically,
the 1IP comprises five surveys or waves conductesingu similar survey
methodologies and questionnaires with common ques{iRoper and Hewitt-Dundas
1998; Roper and Love 2005; Roper 1996). Each offile surveys covers the
innovation activities of manufacturing establishtsewith 10 or more employees
over a three year period. For manufacturing eadmefiive surveys was undertaken
by post using a sampling frame provided by the esoa development agencies in
Ireland and Northern IreladThe IIP is a highly unbalanced panel reflectirman-n

® The initial survey, undertaken between October41889d February 1995, related to plants’ innovation
activity over the 1991-93 period, and achieved spoase rate of 38.2 per cent (Roper et al., 1996;
Roper and Hewitt-Dundas, 1998, Table Al1.3). Thesdcurvey was conducted between November
1996 and March 1997, covered plants’ innovatiorivigt during the 1994-96 period, and had a

response rate of 32.9 per cent (Roper and Hewittelas, 1998). The third survey covering the 1997-



response but also the closure and opening of metowiiag units over the 15 year
period covered by the panel. The panel itself aoatd525 observations from 2564
establishments and representing an overall resp@tseof 33.2 per cent (Northern
Ireland, 39.1 per cent; Ireland 30.5 per cent).eHzur analysis is based on the most
recent four waves of the IIP covering the 1994Q62period.

In the IIP firm’s knowledge sourcing activities aepresented by a series of binary
variables denoting whether they had in-house R&®ahether they link to different
types of partners as part of their innovation distiover the previous three years
Across the panel, the most common form of knowlesty@cing was in-house R&D,
being undertaken by 47.4 per cent of establishmg@rable 2). In terms of firms’
external knowledge sourcing activities the IIP lddder innovation surveys suggests
that linkages along the supply chain are most coma® part of firms’ innovation
activity - backwards linkages (32.2 per cent) wenest common followed by
forwards linkages (25.7 per cent). Horizontal ligka (11.7 per cent) and links to
public knowledge sources (17.3 per cent) were Ewmmon but still formed a
potentially important part of the knowledge sougcistrategies of a significant
proportion of enterprises.

Innovation in the IIP is represented by three mainables. First, the proportion of
firms’ total sales (at the end of each three yearop) derived from products newly
introduced during the previous three years. Thisabée — “innovation success” -
reflects not only firms’ ability to introduce newqalucts to the market but also their
short-term commercial success. On average, 15.¢gmerof firms’ sales were derived
from new products across the IIP (Table 2). The@séddnnovation output measure is
a binary indicator of product innovation which e#fls the extent of product
innovation within the target population. The thirthovation output measure is a
similar binary indicator of process innovation, iadication of the extent of process
innovation within the target populatibnOver the whole sample, 63.9 per cent of
firms were product innovators while 58.2 per ceptavprocess innovators (Table 2).
Notably, however, the overlap between the grouprofiuct and process innovators

99, period was undertaken between October 1999 andary 2000 and achieved an overall response
rate of 32.8 per cent (Roper and Anderson, 2000 fourth survey was undertaken between
November 2002 and May 2003 and achieved an ovexafionse rate of 34.1 per cent. The IIP5,
conducted between January and June 2006, had eall@esponse rate of 28.7 per cent.

" Variable definitions are included in Table Al. TebA2 and A3 report variable covariances.

8 For this variable a product (process) innovatos defined as an establishment which had introduced
any new or improved product (process) during tleipus three years.



was not complete: around 70.2 per cent of prodoobvators were also process
innovators, with 75.3 per cent of process innovatdso being product innovators.

Swiss innovation data provides information on mantdring firms’ innovation
performance, innovation input, R&D cooperation,eemal knowledge sources, IPR,
innovation obstacles, technological potential, gudlic innovation promotion over
the period 1990 — 2005 (triennial). However thesgioanaires in 1990 and 1993 were
much less comprehensive than the later ones. Titveysuare conducted based on a
stratified random sample from the Swiss businessu® on firms with more than 5
employees (firm panel) covering the manufacturganstruction, and service sectors.
For the international comparison at hand we refdirins with 10 or more employees.
Only data from the manufacturing sector and ontadieom the surveys 1996, 1999,
2002, and 2005 are used in this investigation. Bie contains around 3000
manufacturing firms and the response rates are [33.%ent, 33.8 per cent, 44.6 per
cent, and 41.6 per cent for the years 1996, 19902 ,2and 2005 respectively. Like the
lIP, the Swiss innovation panel is a highly unba&thpanel, reflecting non-respohse

Looking at the three innovation output measures, find that in the SIP the
proportion of new (innovative) products on totalesaaverages around 13 per cent
slightly under the 15 per cent in Irish firms (sBable 3}°. The second innovation
indicator we use is the proportion of firms undkeirig product innovations. In
Switzerland, this share decreased from 72 perioet®96 to 55 per cent in 2005, an
average of around 68 per cent compared to 63 perircdreland (Table 3). The third
innovation indicator is the proportion of firms wthking process innovation. Here,
the Swiss share also decreased over the years/tgmer cent in 1996 to 45 per cent
2005, averaging 58 per cent (Ireland, 59.2 per)cent

In addition to firms’ knowledge sourcing and inntea activities the IIP and SIP
provide a range of indicators of the strength oh§&’ internal knowledge resources.
This include variables which might give a quanittaindication of the scale of firms’
knowledge resources — e.g. plant size, financet@nts — as well as other factors
which might suggest the quality of firms’ in-houkeowledge base — e.g. multi-
nationality, plant vintage, human resource quabtyd production type. Multi-

° For a detailed discussion of methodology, questines, and descriptive results for the SIP see
Arvanitis et al. (1998, 2001, 2004, and 2007).

1% The figures for the respective years include also-response weights, while the overall average is
only firm-weighted.



nationality is included here to reflect the potahfor intra-firm knowledge transfer
between national markets and plants, while plantage is intended to reflect the
potential for cumulative accumulation of knowledggpital by older establishments
(Klette and Johansen 1998), or plant life-cyclee@l (Atkeson and Kehoe 2005).
Since Griliches (1995), literature on publicly fetdR&D has suggested repeatedly,
that government support for R&D and innovation bame positive benefits for firms’
innovation activity both by boosting levels of istment and through its positive
effect on organisational capabilities (Buiseret,m@eon, and Georgiou 199%)
Arguably, this is particularly important in Irela@ehd Northern Ireland, which during
much of the period covered by the IIP enjoyed EUeCtive 1 status which provided
resources for substantial investments in developangvation and R&D capability
(Meehan 2000; O'Malley, Roper, and Hewitt-DundaB8&0Indeed, over the sample
period we find nearly a third of Irish firms receig support for innovation or
investment, around four times as large a propordi®nhat in Switzerland (Table 2).
Finally, to reflect potential differences in theeogting environment between the
Republic of Ireland and Northern Ireland we incladecational dummy which takes
value 1 if a plant is located in Northern Ireland.

Two sets of econometric issues arise in the esomatf the innovation value chain
model. These relate first to potential simultanégyween elements of the value chain
and secondly to the choice of appropriate estimnsdtmreach value chain element. In
the context of the survey data considered hereekiery with a number of missing
values and unbalanced panels estimation decisilmas reeed to take into account
potential efficiency losses where we allow for sitaneity. To estimate the
simultaneous knowledge sourcing equations (1) whieeedependent variables are
binary indicators of firms’ use of individual knogdge sources, for example, the most
efficient approach would be multivariate probit. A&eene (2000) p. 616 notes,
however, the efficiency gains from MVP are likelp be reduced where the
anticipated determinants of each knowledge sourattiyity are similar and there is
potential simultaneity between the knowledge sowgyactivities. Other difficulties
arise in the application of an MVP approach to survey data. First, adopting a
simultaneous estimation approach exacerbates $iseofoobservations due to missing
data in our sample, offsetting any gains in staastefficiency. Second, in practice,
achieving convergence with an MVP estimator plas@®se limits on the degree of

11 Trajtenberg (2001), for example’ offers moreedirevidence on the links between public R&D
support and firms' proprietary knowledge base. ls é&xamination of government support for
commercial R&D in Israel operated by the Officetbhé Chief Scientist (OCS), he concludes that
‘industrial R&D expenditures are closely linked {lwia reasonable lag) to patents, and so are R&D
grants awarded by the OCS'.



simultaneity which it is possible to include (Ro@€06 ). In our IVC estimates this is
particularly undesirable because in the first stafgthe IVC we are interested in the
complementary or substitute relationship betweeowkedge sourcing activities.
Instead of using MVP we therefore prefer to adomirapler approach using five
simple probit models, one for each knowledge sagreictivity. This approach, while
sacrificing some statistical efficiency, providegbstantial gains in terms of the
number of observations used, and our ability téectfmore fully the relationship
between knowledge sourcing activities.

The appropriate estimation method for the innovafwoduction function depends
primarily on the nature of the dependent variaBligary indicators for product or
process innovation again suggest simple probit mspaéile the percentage of sales
derived from new products has both upper and Idveemds and suggests Tobit. A
potential issue at this stage of the innovatioweathain, however, is selectivity bias
(e.g. LO6f and Heshmati, 2002). In the innovatieadoction function this may arise
from two main sources. First, the group of innavgtfirms may be self-selecting in
some sense inducing a bias between the expectedsval the parameters of the
estimated innovation production function and theadgenerating mechanism for the
population as a whole. Or, due to sample desigm-rasponse, or survey
methodology, the selected sample may be atypicaslome way of the underlying
population. Elsewhere (i.e. Love et al., 2006), heve explored the potential
importance of such selection bias in the innovatieaision using the 1P with largely
reassuring results, suggesting little evidencerof significant selection bias in the
innovation decision, perhaps due to the broadlythaand nationally representative
sampling approach used in our survey data and dhicplar questioning approach
adopted® For the Swiss data a short survey of a randompkarof the non-
respondents showed that there is no discernibkctsah bias. In the estimation of
equation (2) reported here we therefore base oalysis on standard econometric
approaches, although for comparison we also reguiitional estimates of equation
(2) for innovation success based on the samplerodyst innovators only (i.e.
excluding the lower limit valuéj.

2 For example, non-response surveys conducted edietln main survey suggested little evidence of
any systematic difference in innovation behaviobetween respondents and non-respondents (e.qg.
Roper and Hewitt-Dundas, 1998, Annex 1). Question-response was also relatively limited. For
example, 91 per cent of respondents indicating these product innovators (binary response) also
provided information on the extent of their inndgatactivity.

'3 Another potential issue is multi-collinearity beten the knowledge sourcing variables themselves
and other elements of the innovation productiorcfiom (compare equations (1) and (2), for example).
In practice, however, we find something of an emoplrseparation between the two models with

10



Two main econometric issues arise in operatiomagighe augmented production
function (equation 3) — heterogeneity in performeanautcomes and potential
endogeneity of the innovation output measureseitms of heterogeneity, it is clear
that very large variations can exist in busineg$opmance even in narrowly defined
industries®. In practice this proves to be more of an issuth@IIP than our Swiss
data, and to counter any bias introduced by pakatitliers we therefore exclude a
small proportion of extreme values in the Irishdarativity equations. The potential
endogeneity of innovation output measures in mod€lbusiness performance has
been discussed extensively in the literature, armhge of potential approaches have
been adopted including two-stage estimation metlfeds Crépon et al, 1998) and
the simultaneous estimation of the innovation angn@ented production functions
(e.g. LOOf and Heshmati, 2002). Here, we report diternative estimations of the
augmented production functions first including thaovation output terms directly
on the RHS, and secondly a two-stage procedurehinhwthese are replaced by the
fitted values from the relevant innovation prodactifunctions (i.e. equation 2).
Happily the results from the two different estinatiapproaches are broadly similar.

4. Empirical Results

The initial link in the innovation value chain ignis’ knowledge sourcing activity.

Panel data probit models (with random effects)dach of the knowledge sourcing
activities are reported in Table 3 for Switzerlaadd Ireland. Two issues are of
particular interest here: first, what pattern ofngdementarity or substitutability exists
between firms’ knowledge sourcing activity; andcaally, what other factors

determine firms’ knowledge sourcing behaviour. Owsults suggest marked
similarities between both patterns of complemetytdretween knowledge sourcing
activities in Switzerland and Ireland and alsoha influence on knowledge sourcing
of the majority of other factors included in the dets (Table 3).

In terms of the relationship between knowledge dagractivities, these are almost
universally complementary in both countries (Ta®)leFor Switzerland we see strong
and significant and positive associations betweesplant R&D and forward
knowledge sourcing and between in-plant R&D andipikmowledge sourcing (also
in accordance to Woerter 2008). In Ireland, we samilar significant positive

different factors determining firms’ knowledge scng and knowledge transformation (compare
Tables 3 and 4). In practice this should minimigg multi-collinearity issues.
4 See Caves(1998) for a survey and on innovatioawiebr see Lo6f and Heshmati (2002).

11



associations but also find a significant positigeaxiation between in-plant R&D and
backwards knowledge sourcing. This complementdrédiween internal knowledge
generation (i.e. in-plant R&D) and external knovgedourcing is consistent with the
results of Cassiman and Veugelers (2002) but rongrary to the results of Schmidt
(2005) and Love and Roper (2001) which both suggestibstitution relationship
between internal R&D activity and external knowledgourcing (see also Irwin
1996). We also find strong evidence of compleméytdretween different external
knowledge sourcing activities for both Switzerlaand Ireland with forwards and
backward knowledge sourcing and backward and pWniemvledge sourcing being
particularly strongly linked (Table 3). One possileixplanation is that enterprises are
obtaining economies of scope as they learn to nanagernal relationships
effectively and so benefit more from extending thege of their external knowledge
sourcing activities.

In terms of the other determinants of knowledgerdog our results suggest -
contrary to expectations - that the probability exfternal knowledge sourcing is
positively related to firms’ internal knowledge oesces (Schmidt, 2005). For
example, for Ireland we find for in-house R&D aslwas for public sourcing, for
Switzerland only for in-house R&D a non-linear @mied ‘U’) shape relationship
between each knowledge sourcing activity and pkrd which we interpret as an
indicator of the likely scale of firms’ internal &wledge resources (Table 3). Skill
levels — measured by the proportion of the worldorith a degree level qualification
— are also positively related to knowledge souramigoth countries, suggesting a link
between the quality of firms’ in—house knowledgsogces and external knowledge
sourcing (Table 3). The strongest skill effects ewedent in terms of in-plant R&D
and public knowledge sourcing which includes thamnt universities. The latter
effect, in particular, may reflect the personalwweks of firms’ graduate employees
(Santoro and Bierly 2006; Perkmann and Walsh 2083)we anticipate that public
support for R&D and innovation is also resourcemaegting in some sense it is not
surprising that this too has positive effects oowdedge sourcing in both countries,
increasing the probability of in-house R&D and alsollaboration with public
knowledge sources.

More significant differences were observed betwienimpact of financial and legal
constraints on knowledge sourcing behaviours intéee countries. In Switzerland,
financial constraints were having no effect on 8&rmn-plant R&D (also in

accordance to the findings in Arvanitis 2008) batrevincreasing the probability that
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firms were engaging in forwards or horizontal kneslde sourcing. One potential
interpretation is that Swiss firms were reactinghis financial pressure by trying to
reduce the financial risk of innovation, either bgk sharing through innovation
partnerships (horizontal links), or by ensuringttht@eir innovations met customer
needs (forward links) (Irwin 1996). In Ireland,nfis’ response to financial constraints
on innovation seems less complex with financialst@ints associated instead with
less likelihood that firms were undertaking in-gl&&D. Legislative or regulatory
constraints also had different influences on knog&sourcing in the two countries.
In Switzerland, legislative constraints were asstec with a lower probability of in-
house R&D but increased probabilities of all ottk@owledge sourcing activities
(Table 3). In Ireland, legislative barriers werengeally having a weaker effect on
external knowledge sourcing but were associateld antincreased probability that a
firm would be undertaking in-house R&D. This costrauggests that firms in the two
countries were adopting different strategies fquig with regulatory restrictions on
their innovation activity, although both involvedditional knowledge sourcing. In
Ireland, firms were adopting a more self-sufficieagpproach with an increased
probability of in-plant R&D; in Switzerland more ltaborative responses are evident
with increases in external knowledge sourcing.

Whether or not a plant was externally owned was abBving a different effect on
knowledge sourcing in two countries. In Switzerlaedternally-owned firms had
essentially similar profiles of knowledge sourciagtivity to Swiss-owned firms
although they were more likely to be engaged inzZoottal innovation partnerships. In
Ireland, differences between knowledge sourcingekternally-owned and locally-
owned firms are more extensive with externally-otvrfe@ms: less likely to be
engaging in in-house R&D, but more likely to be agigg in backwards or public
knowledge sourcing. This reflects earlier discussaf the differences between
externally-owned and indigenously-owned firms ieldnd with the former generally
thought to have higher levels of technological teélgg (Wrynn 1997; Hewitt-
Dundas et al. 2002). Differences in the impactxdemal ownership on patterns of
knowledge sourcing in the two countries may algtecedifferences in the nature of
inward investment: partner seeking in Switzerland sesource or market seeking in
Ireland (Driffield 2005).

In summary, we find that knowledge sourcing in ba#land and Switzerland is
marked by strong complementarities, perhaps suggestonomies of scope in the
management of firms’ external relationships. We diad strong similarities in the
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effect of indicators of firms’ knowledge resourcas knowledge sourcing: in both
economies firms with stronger internal knowledgsorgces seem more likely also be
engaging in external knowledge sourcing. We theesfind little evidence for the
type of substitution of external for internal knedfe suggested by the resource
based view. Rather our results are suggestive $traimpeter Mark 2 model with
firms with strong pre-existing knowledge resourgesst active in seeking to reinforce
those advantages.

The second link in the innovation value chain is tifansformation of knowledge into
product and process innovation represented by rthevation production function

(equation 2). Here, we are interested in the doution of each knowledge source to
innovation as well the effect of factors contrilmgtito the efficiency of enterprises’
knowledge transformation activity. Estimates of theovation production functions

for the three innovation output measures, and Herttvo countries, are reported in
Table 4. The final column in Table 4 reports sulmske estimates for enterprises with
non-zero innovation success.

Knowledge sourcing of different types has, as etqubca generally positive and
significant impact on innovation. In-plant R&D, fexample, has a strongly positive
and significant effect on the probability of un@éihg both product and process
innovation in each country as well as on the probporof sales from innovative firms.

Interestingly, however, in Ireland in-plant R&D has weak negative effect on
innovation intensity where the model is estimatedyofor the sub-sample of

innovative firms. The suggestion is that R&D is imgv somewhat different

innovation effects in the two countries: in Ireland plant R&D is boosting the

likelihood of enterprises engaging in product inatoon, but having little impact on

the market success of that innovation activitySwitzerland R&D is having positive

effects both on the probability that firms will exge in innovation but also in the
market success of that innovation activity. Thisyhaps, reflects the point made
earlier about the greater tendency for Swiss fitmsengage customers in their
innovation attempts.

As expected, forward knowledge sourcing has siggifi positive influence on both
the probability of undertaking product innovatios waell as innovation success in
both countries. In both countries forward knowledgmurcing also has only a
marginally significant and positive effect on theolpability of process innovation
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perhaps reflecting the stronger impact of custole@rinnovation on product rather
than process change (Karkkainen, Phiippo, and Teem2001) (Table 4). Reflecting
their differential importance in the population bish and Swiss firms (Table 2)
backwards and horizontal knowledge sourcing hafferdint innovation effects in the
two countries. In Switzerland neither sort of ligkahas any consistent innovation
effect (with the exception of the positive effedt mackward sourcing on process
innovation; see Arvanitis 2008 for more detailedisSwesults), while in Ireland both
horizontal and backwards linkages have signifiganoiduct and process innovation
effects (Table 4). As with in-house R&D, howevdrege effects are only important
for the probability of innovation and prove lesspwontant for the success of
innovation in the sub-sample estimation (Table BEjnally, unlike the other
knowledge sources, we find no evidence in eitheunty that links to public
knowledge sources (i.e. universities, public andustry-owned laboratories) have
any positive impact on either the probability obgess or product innovation, or the
proportion of sales derived from innovative produ€table 4). In Switzerland, the
effects of public knowledge sourcing is insignifitaa result consistent with the idea
that innovations developed in university collabmmas may take longer to come to
fruition than those developed with commercial parsn The negative and significant
effects from public knowledge sourcing in Irelarithwever, are more difficult to
explain (Jordan and O’Leary 2007).

These direct effects from knowledge sourcing arethe whole story because, in
addition to their direct effects on innovation,nis’ knowledge sourcing activities

may also be having an indirect effect through tr@mplementarity with other

knowledge sourcing activities (Table 3). In hous®DR for example, is having a

positive and significant direct effect on innovati¢Table 4). However, it is also

having a positive indirect effect on innovationaihgh its complementary effect on
the probability that firms will engage in forwardidwledge sourcing (Table 3). This
indirect effect is an ‘absorptive capacity’ effaftthe sort envisaged by Cohen and
Levinthal (1989, 1990) and Zahra and George (2002¢n where the direct effects of
knowledge sourcing activities on innovation are aie@, as in the case of public
knowledge sourcing in Ireland, their overall effecay still be positive due to the

balance between ‘direct’ and ‘absorptive capa@ffécts.

Aside from the knowledge sourcing variables wersaeked similarities between the
sign patterns and significance of other key vaesbacross the Swiss and lIrish
innovation production function estimates. Both segigthe anticipated positive
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relationship between the strength of firms’ intérki@owledge resources and, ceteris
paribus, their level of innovation. Establishmenes for example, generates a
significant inverted ‘U’ function for both countsdor the probability of product and
process innovation although, reflecting the findiref other studies, there is little
clear relationship between plant size and the ptapo of sales derived from
innovative products. This suggests that the scdldirms’ internal knowledge
resources is positively linked to the probabilifyienovation at least. Also, in both
countries we see a clear positive relationship betwskill levels and both the
probability and market success of product innovaticess intuitive perhaps is the
common result that graduate skill levels are ngghti and significantly, related to
process change in both countriés.

As in terms of knowledge sourcing, we see no diffiee between the innovation
activities of externally-owned and locally-ownednis in Switzerland (Table 4). In
Ireland, however, we again see more marked diffedsnn the full-sample estimates:
externally-owned firms in Ireland are significantiyore likely to be undertaking
product and process innovation, and also to havgleer proportion of sales derived
from innovative products (Table 4). Focussing omowative plants alone, however,
suggests no significant difference between thevation success of innovating Irish
plants and innovating externally-owned plants. Plantage effects are also similar
between the two areas with older firms equallyllike be undertaking product and
process innovation but having significantly loweogortions of sales derived from
innovative products in both countries. This is ¢stent with a life-cycle model of
plant development which envisages declining lewdlsnnovation and increasing
product maturity as plants age (Atkeson and Keltfsp

Financial and regulatory constraints also have \@nyilar effects on innovation
outcomes in the two countries. In Switzerland, &lge of finance has a negative
effect on the probability of product innovation pnlwhile in Ireland its primary
negative effect is on the probability of procesargfe. Legislative effects are more
mixed, having negative but insignificant effects @me probability of product
innovation in both countries but having significpaisitiveeffects on both Swiss and
Irish firms’ innovation success (Table 4). The imogtion is that legislation or

15 At least for Switzerland some evidence was fourad multi-collinearity between the variable for in-
house R&D and the variable for graduate skill lsvaduld be responsible for this negative effect. An
estimate of the process innovation equation withbatvariable for in-house R&D showed a positive
but statistically insignificant effect for graduatkill levels.
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regulatory barriers may reduce the probability thiahs becoming innovators but
may create new opportunities for those firms wiachalready innovative.

Government support for R&D and innovation also gsoimportant in both countries
increasing the probability of undertaking innovaticn both areas and also the
proportion of sales from innovative products indrel. This may reflect the efficacy
of Irish innovation policy but may also capture #ignificantly larger proportion of
Irish firms which received support for innovatioarohg the study period. Some care
IS necessary in interpreting the policy implicasoof this result (Greene, 1997, p.
982). In particular, the coefficients on the polgypport — treatment terms — reflect
the combination of ‘assistance’ and ‘selectioneef§®,

To summarize, our innovation production functiorerked out largely as anticipated,
and with a rather surprising degree of similariggvieeen the two countries in terms of
the positive role of knowledge sourcing and firntgernal knowledge resources in
shaping innovation. Two interesting divergencesugchowever. First, the profile of

external knowledge sourcing effects on innovatierifferent in each country with

the strongest impacts coming from forward knowledgarcing in Switzerland but

backwards knowledge sourcing being more importamteland. Also, only in Ireland

do we find a negative public knowledge sourcinge&ff Second, in Switzerland we
see little divergence in the innovation behavioofdocally and externally-owned

firms. This differs markedly from Ireland where esttally-owned firms are more

likely to be both product and process innovators.

The final element of the innovation value chainate$ (log) value added per
employee to product innovation, innovation succasd process innovation. Two
different forms of the augmented production aresatered here. The first relates log
value added directly to the innovation output iatlics (Table 5) and, in order to
reduce any impact from the endogeneity of the iation indicators, Table 6 relates
log value added to the fitted values of the innmraproduction functions reported in
Table 4.

16 Separately identifying the selection and assigtaffects requires a different estimation apprdach
that adopted here. See Maddala (1983) pp. 257&9% deneral discussion of the issue and Roper and
Hewitt-Dundas (2001)for an application.
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In the Swiss production functions the indicatonsgooduct (process) innovation and
innovation success are positive (negative) butgmécant when included either in

their natural forms (Table 5) or as fitted valudsallle 6). The Irish results are
uniformly less satisfactory than those for Switaed with the innovation indicators

taking uniformly negative signs in the productionndtions and largely being

insignificant. The only significant coefficient hewer is that on the percentage of
innovative products in the directly estimated medé¢Table 5). Including the

predicted values of the innovation indicators f@ldnd has little effect (Table 6) with

innovation coefficients remaining negative andgngicant.

In terms of our initial assertion these resultsvmte little evidence for our hypothesis
that innovation should be of greater importancepi@ductivity in Ireland rather than
Switzerland. Instead, other aspects of the prodnatapability of firms prove much
more important with plants which have higher cdpitgensity and skill endowments
being significantly more productive. In both couedr productivity also has an
inverted ‘U’ shaped relationship to plant size amdnigher in older plants. Notably
too, externally-owned firms in both countries aigngicantly more productive than
indigenously owned firms.

5. Conclusions

Over the last decade the economies of Ireland andz&land have grown at
radically different rates as innovation has dedine Switzerland and remained
broadly stable in Ireland. This raises the questibthe contribution of innovation to
explaining productivity in each country. Here weeube notion of the innovation
value chain to explore the determinants of inn@rain the two countries and its
subsequent contribution to innovation at the fiawel. The evidence suggests marked
similarities between the determinants of innovatiothe two countries but is perhaps
less convincing in explaining productivity diffes in the two economies. In
particular, we find strong evidence for the impoda of supply-side and capability
influences in determining innovation outputs alodgsfirms’ use of external
knowledge sources. Firms’ responses to regulatodyfeancial pressures do differ,
however.

In the first link in the IVC we find strong complemtarities in between firms’
knowledge sourcing activities in both countriesrha@s suggesting economies of
scope in the management of firms’ external relaimps. We also find strong
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complementarities between firms’ internal knowledggources and their engagement
with external knowledge sources for innovation.sTtands to contradict the type of
substitution of external for internal knowledge whiwould be suggested by the
resource-based view. Instead, our results are stiggeof a Schumpeter Mark 2
model with firms with strong pre-existing knowledggsources most active in seeking
to reinforce those advantages.

The second link in the IVC relates to the transtatof knowledge into codified
innovations in product and process. Here, we fionsaerable similarity between the
two countries in terms of the positive role of knegge sourcing and the importance
of firms’ internal knowledge resources in shapingadvation. In terms of the types of
external linkages which contribute to innovationwever, we see some differences
between Irish and Swiss firms. In Switzerland, fargv linkages prove important,
while backwards linkages prove more important glaind. Also, only in Ireland do
we find a significantly negative public knowledgauscing effect. Ownership effects
also work differently in the two countries in terrosinnovation outputs suggesting
stronger distinctions between locally and extegaalned firms in Ireland than in
Switzerland in terms of firms’ knowledge transfotioa capability.

The final element of the IVC relates to the impaicinnovation on productivity. Here
we find no evidence of significant innovation-prativity linkages for both countries.
Instead, productivity seems to be much more stypomjluenced by other aspects of
firms’ production capability such as capital intéysand skill endowments. Other
aspects of Irish firm performance — most notablypllyment and sales growth —
have, however, been shown elsewhere to be poysitreédted to innovation outputs
(Roper, Love, and Du 2008).

Our analysis emphasises a number of empirical agigjes in firms’ knowledge
sourcing and innovation activities; the complemetytdetween internal and external
knowledge resources; the positive contribution xdemal knowledge to innovation;
the inverted ‘U’ shape relationship between innmratind firm size; and, the positive
effects on innovation of plant vintage, skill levelnd government assistance. Other
environmental factors such as legislation and gQuy factors seem to generate
different innovation responses in the two countreesd provide an interesting focus
for future research. Ownership effects also diffeith more marked discrepancies
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evident between the knowledge transformation cdifiabiof externally and locally-
owned firms in Ireland than in Switzerland.
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Table1:

Compar ative Data

Republic  Northern

of Ireland Ireland Ireland  Switzerland
A. Land Area and Population
Land area (kfix 1000) 81519 13602 95121 41285
Population (x million, 2006) 4.239 1.741 5.98 7.5
Population density (per Km2006) 52 128 62 18p
B. Labour Market
Working age employment rate ( per cent, 2006) 576 694 60.4 81.2
Unemployment rate ( per cent, 2006) 4.4 3.2 4.1 3.3
C. Openness
Total exports ( per cent of GDP) 81.6 52.5
Total imports ( per cent of GDP) 69.3 44.9
C. Composition of GDP (2006)
Primary (agriculture, fishing, mining) 2.5 3.2 2.6 1.1
Manufacturing (incl. construction for CH) 25.4 16.1 23.7 25.9
Construction 9.4 7.7 9.1
Services (for CH) 67.0
Distribution, transport and communications 15.0 023. 16.5
public admin and defence 3.5 111 4.9
other services 441 38.9 43.2
D. R&D Spending
(% GNP, Ireland 2006, % GDP, Switzerland 2004))
R&D Spending 1.6 1.3 15 2.9
- Industry 1.1 0.6 1.0 2.1
- Higher education 0.4 0.6 0.4 0.7
- Other 0.1 0.1 0.1 0.1

Notes: Land area and population: population estimatesteeaia 2006, Sources: Northern Ireland
Annual Abstract of Statistics (NIAAS), NISRA, Bedlaand CSO. Labour Market: Employment rate as
per cent of working age population (in Switzerldratween 15 and 64 years), unemployment rate ILO
unified rate, Sources: Annual Abstract of Statsti€SO Dublin and NIAAS, Statistic Switzerland.
Openness: No figures are available for Northermaih@; for Ireland Source: CSO, Dublin. Total
Exports and Imports as a proportion of currentggiGDP 2006. Composition of GDP 2006: Source:
Annual Abstract of Statistics, CSO Dublin. R&D Sdamw: For Ireland, R&D Spending: Ireland as per
cent of GNP, 2006; Source: Research and DevelopStatistics in Ireland, 2006, Forfas, Dublin. For
Northern Ireland, Northern Ireland R&D Statistic€08, Department of Trade, Enterprise and
Investment, Belfast. Estimated as a proportion @42 GDP allowing for growth at 3.0 per cent pa
during 2005 and 2006. For Switzerland all inforroatare from Swiss Statistics (www.bfs.admin.ch).

21



Table 2: Survey Descriptives

Switzerland Ireland

N Mean Std. n Mean Std.
Knowledge Sourcing
In plant R&D 4171 0.629 0.48B 3530 0.474 0.499
Forwards 4177 0.517 0.5d0 3530 0.257 0.437
Backwards 4176 0.038 0.191 3530 0.322 0.467
Horizontal 4175 0.306 0.46[L 3530 0.117 0.322
Public 4177 0.100 0.29p 3530 0.173 0.378
Innovation
Product innovation (0/1) 4177 0.682 0.4p6 3453 9.63 0.480
Process innovation (0/1) 4177 0.586 0.493 3445 20.58 0.493
Innovative products (% saleg) 4177 13.313 18.p87 3032 15.134 22.511
Productivity
Log Value Added per
employee 4133 11.819 0.409 2488 3.435 1.162
Other factors
Plant vintage 4072 64.725 43.014 3453 28.357 29(63
Externally owned 4114 0.152 0.3%9 3530 0.307 0.p61
Lack innovation finance 4175 0.174 0.3F9 3530 0.478 0.500
Face regulatory barriers 4173 1.942 0.871 3530 08.2 0.404
Government support 4083 0.091 0.287
Govt support for innovation 3530 0.289 0.453
Govt support for investment 3530 0.218 0.413
Govt support for training etc. 3530 0.152 593
Employment 4177 213.384 715.714 3461 104.916  283]05
Log capital intensity 3970 10.837 0.865 2428 1.186 1.371
Percentage with degree 4177 16.176 14.626 3310 69.6913.102
Northern Ireland Location 3530 0.391 0.488

Sour ces. Swiss Innovation Panel, waves 3-6; Irish Innovattanel waves 2:5
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Table 3: Knowledge Sourcing Models

Forwards K Backwards K Horizontal K Public K
R&D in Plant Sourcing Sourcing Sourcing Sourcing
Coeff. z-stat Coeff. z-stat Coeff. z-stat Coeff. z-stat Coeff. tzstat
A.Switzerland
R&D in plant 0.184 3.29 -0.007 -0.070 -0.035 -0.600) 0.209 2.280
Forwards 0.178 2.71D 0.338 3.240 0.627 11.650 0.001 0.020
Backwards 0.021 0.13p 0.402 3.0p0 0.453 3.680 0.869 5.850
Horizontal -0.049 -0.70¢ 0.658 11.720 0.367 3.680 0.451 5.750
Public 0.284 2.31( 0.023 0.030 0.740 5.700 0.461 5.570
Employment 0.001 7.66p 0.000 1.0B0 0.000 0.f50 0.000 2.550 0.000 1.110
Employment Squared -0.000 -6.780 -0.000 -0.880 o@.0 -0.740 -0.000 -1.540 0.000 0.060
Externally-owned firm -0.139 -1.37p 0.109 1.480 .08D -0.350 0.164 2.250 0.005 0.040
Shortage of finance -0.087 -1.040 0.121 1.810 6.0 -0.520 0.149 2.260 0.151 1.580
Percentage graduates 0.016 5.940 0.003 1360 0.0010.360 -0.000 -0.120 0.010 4.050
Legislative regulatory barriers -0.084 -2.2p0 0.084 2.830 0.182 3.320 0.107 3.590 0.115 2.620
Government support 1.707 9.460 -0.117 -1.830 -0.002 -0.010 -0.065 -0.740 0.728 6.900
Number of observations 4017 4017 4017 4017 0174
Number of groups 2243 2243 2243 2243 2243
Wald chi2 382.2 328.6 84.7 266.6 202.9
Log Likelihood -2092.2 -2518.1 -584.2 -2287.5 -1122.7
Rho 0.527 0.285 03045 0.249 0.364
LR test Rho=0 198.6 69.4 14.3 47.4 46.4
B. Ireland
R&D in plant 0.184 2.37 0.299 3.9%50 0.057 0.690 0.427 4.630
Forwards 0.220 2.31D 1.751 16.900 0.840 8.820 0.727 7.430
Backwards 0.348 3.89D 1.696 16.760 0.662 6790 1.297 11.630
Horizontal -0.036 -0.33( 0.877 8.6(0 0.616 5.700 0.279 2.730
Public 0.352 3.43( 0.652 6.990 1.221 11.320 0.207 2.240

23



Employment 0.001 3.33D 0.000 1.2110 0.001 2.p90 0.000 -1.060; 0.001 3.2
Employment Squared -0.002 -2.310 -0.002 -1.460 0D.0 -1.300 0.001 1.490 -0.001 -1.9
Externally-owned firm -0.180 -2.20p -0.011 -0.130 0.285 3.410 -0.144 -1.600 0.220 23
Shortage of finance -0.139 -2.1Y0 -0.020 -0.290 .010 -0.150 -0.009 -0.120 -0.022 -0.2
Percentage graduates 0.014 4.940 0.002 0,610 -0.0041.330 0.006 2.120 0.011 3.6
Government support: innovation 1.166 13.410 0.111 .32a 0.161 1.87( 0.032 0.360 0.581 6.1
Government support: capital -0.011 -0.130 0.021 250 0.106 1.21( 0.188 2.090 0.078 0.8
Government support: training 0.345 3.560 0.111 3afi -0.131 -1.31d 0.218 2.220 -0.044 -0.4
Northern Ireland location -0.278 -3.760 0.111 044 -0.083 -1.10q -0.248 -2.980 0.049 0.5
Legislative regulatory barriers 0.273 3.3p0 -0.022 -0.250 0.026 0.290 0.159 1.710 0.200 1.9
Number of observations 3255 3255 3255 3255 2553

Number of groups 2114 2114 2114 2114 2114

Wald chi2 407.2 398.9 4115 221.7 287.3

Log Likelihood -1787.8 -1122.1 -1238.5 -901.4 -931.5

Rho

LR test Rho=0 83.7 11.7 21.1 4.6 18.6

Notes and Sources: RE probit estimates. All models include consteniris and industry dummy variables at 2-digit le@elurces: Swiss Innovation Panel,
waves 3-6; Irish Innovation Panel waves 2-5.



Table4: Innovation Production Functions

Probability of Probability of % innovative sales | % innovative sales
product innovation | process innovation (all firms) (innovators only)
RE probit RE probit RE tobit RE tobit
Coeff. z-staf] Coeff. z-stat| Coeff z-stat Coeff z-stat
A. Switzerland
R&D in plant 2.444 23.75( 1.600 22.270 25.431 26.p8 4.101 3.720
Forwards 0.215 3.18p 0.089 1.6B0 2.795 3.460 1.918.380
Backwards -0.100 -0.60p 0.345 2.3f0 -0.548 -0.70 0.899  -0.460
Horizontal -0.134 -1.83( 0.035 0.590 0.200 0.230 .131 1.330
Public -0.162 -1.31( -0.140 -1.540 -0.542 -0.420 .578 0.450
Employment 0.000 2.06p 0.000 4.650 0.002 2.p80 0.0 1.810
Employment Squared -0.000 -1.340 -0.000 -3.p30 0@.0 -1.430 -0.000  -1.250D
Plant vintage 0.001 0.950 -0.000 -0.160 -0.018 730, -0.025  -2.41(
Externally-owned firm 0.143 1.41p -0.102 -1.310 54k 1.340 1.168 1.03p
Shortage of finance -0.216 -2.520 -0.065 -0.930 .069 -0.060 0.994 0.93p
Percentage graduates 0.006 2.150 -0.005 -2/620 20.12 4.070 0.132 4.470
Legislative regulatory barriers -0.042 -1.0p0 0.077 2.420 0.351 0.750 1.194 2.540
Government support 0.419 2.790 0.338 3.860 0.272 2100. -1.397 -1.16(
Number of observations 3921 3921 3921 2997
Number of groups 2213 2213 2213 1811
Left-censored 1388 464
Wald chi2 621.2 602.2 1112.1 290.0
Log Likelihood -1281.0 -2061.8 -12159.0 -116p7
Rho 0.251 0.250 0.236 0.251
LR test Rho=0 20.9 39.2
B. Ireland
R&D in plant 1.206 13.60( 0.489 7.630 16.066 10.900-2.538  -1.730
Forwards 0.487 4.39D 0.148 1.780 7.144 3.870 3.71&.280
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Backwards
Horizontal
Public

Employment
Employment Squared
Plant vintage
Externally-owned firm
Shortage of finance
Percentage graduates
Government support: innovatio
Government support: capital
Government support: training
Northern Ireland location
Legislative regulatory barriers

Number of observations
Number of groups
Left-censored

Wald chi2

Log Likelihood

Rho

LR test Rho=0

0.477
0.288
-0.269

0.001
-0.002
0.001
0.290
-0.076
0.008
0.430
-0.072
0.403
-0.075
-0.168

3215
2036

345.6
-1515.4

63.5

4.66p

2.16

-2.22(

3.00
-0.9

0.570
3.190

-1.1

2.390
4.480
-0.740
3.5110
-0.940

-1.8

0.469 5.7
0.216 2.11
0.068 0.7]
0.001 4.4
-0.002 -2.
-0.001 -1.4
0.215 3.0
-0.138 -2.4
-0.007 -2
0.307 02@
0.508 486
0.005 50.
-0.169 2]
0.018 0.240
3215
2032
364.0
-1791.7
25.5

BO 7.472
0 3.326
0 -3.936
b0 0.012
B30  18.0
00 -0.093
00 8.87
140 034.
770 20.20
4.889
2.602
0 4.235
[ -1.710
-2.120
2954
1955
528.6
-8812.3

.00

1.620
-2.910

2.
-1.390

768

2.330
0.790
3.610

3.014
1.57(
2.314
-1.12¢

-1.27

B8O

D

Notes and Sources. RE tobit estimates. All models include constantteand industry dummy variables at 2-digit le@gurces:
Swiss Innovation Panel, waves 3-6; Irish Innovaf@mel waves 2-5.

2.644..670
58.0 0.030
008. -2.330
0M®.0 0.000
0.003 0.31p

-0.111  -5.14(
-1.046  -0.640
3.944 2.47p
2.810 2.280
0.110 2.110
-0.041  -1.920
6.762 4.130
-0.168  -0.110
3.284 2.200
1788
1323
164.9
-7602.3
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Table5: Productivity Equations Including Innovation Indicators

Coeff zt-stat Coeff z-stat Coeff z-stat Coeff tats
A. Switzerland
% innovative sales 0.000 0.440
Product innovation (0/1) 0.006 0.740 0.005 0.71
Process innovation (0/1) -0.000 -0.040 -0.002 0.p3 0.004 0.07(
Employment 0.000 3.31p 0.000 3.2P0 0.000 3.p80 0.000 3.320
Employment Squared -0.000 -3.210 -0.000 -3.190 0.0 -3.180 -0.000 -3.220
Plant vintage 0.000 3.220 0.000 3.180 0.000 3J180 0.000 3.210
Log capital intensity 0.348 88.360 0.348 88.320 348. 88.340 0.348 88.390
Externally-owned firm 0.047 4.36D 0.047 4.360 0.04 4.360 0.047 4.370
Percentage graduates 0.002 7.630 0.002 7620 0.0027.620 0.002 7.700
Constant 7.960 168.800 7.959  168.350 7.958 1686707.961 168.86(
Number of observations 3818 3818 3818 3818
Number of groups 2169 2169 2169 2169
Wald chi2 9731.9 9734.6 9736.6 9734.6
Rsquared within 0.675 0.674 0.674 0.674
Rsquared between 0.746 0.745 0.746 0.746
Rsquared overall 0.746 0.746 0.746 0.746
B. Ireland
% innovative sales -0.001 -2.090
Product innovation (0/1) -0.007 -0.290 -0.016 0.650
Process innovation (0/1) -0.034 -1.4{10 -0.034 Q.42 -0.033 -1.42(
Employment 0.000 1.20p 0.000 1.4p0 0.000 1.B20 0.000 1.470
Employment Squared 0.000 -0.820 0.000 -0.970 0.000-0.920 0.000 -0.920
Plant vintage 0.001 2.950 0.002 3.110 0.002 3J280 0.002 3.160
Log capital intensity 0.056 5.490 0.047 4.730 0.04 4.820 0.047 4.740
Externally-owned firm 0.186 6.08p 0.189 6.250 0.19 6.360 0.186 6.250
Percentage graduates 0.006 5.430 0.006 5,340 0.0065.590 0.006 5.420
Northern Ireland location -0.129 -4.770 -0.124 o0 6 -0.120 -4.49( -0.123 -4.610
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Constant

Number of observations

Number of groups
Wald chi2
Rsquared within
Rsquared between
Rsquared overall

3.224

1709
1268
417.2
0.172
0.202
0.214

71.31

0

3.232

1797
1318
428.2
1.182
0.193
0.208

69.9

40

3.211 71

1818
1333
434.8
0.181
0.194
0.208

580 3.221

1823
1332
438.3
0.169
0.194
0.207

73.200

Notes and Sources: RE GLS estimates. All models include constant seamd industry dummy variables at 2-digit le\@durces: Swiss

Innovation Panel, waves 3-6; Irish Innovation Pamales 2-5.
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Table 6: Productivity Equations I ncluding Fitted Innovation I ndicators

Coeff t-stat Coeff t-stat Coeff t-stat Coeff aist
A. Switzerland
% innovative sales 0.000 -0.680
Product innovation (0/1) 0.000 0.680 0.000 0.640
Process innovation (0/1) -0.002 -0.240 -0.002 0.p4 0.000 0.62(
Employment 0.000 2.49p 0.000 2.950 0.000 2630 0M®.0 2.690
Employment Squared -0.000 -1.0y0 -0.000 -1.yo0 0®@.0 -1.260 -0.000 -1.79D
Plant vintage 0.000 3.180 0.000 3.470 0.000 34170 0.000 3.280
Log capital intensity 0.348 38.040 0.348 33.490 348. 37.160 0.348 38.690
Externally-owned firm 0.045 3.90p 0.045 3.9p0 6.04 3.810 0.045 4.000
Percentage graduates 0.002 6.690 0.002 6530 0.00%.900 0.002 6.40
Constant 7.956 77.870 7.956 68.430 7.956 76]990 9567. 79.690
Number of observations 3727 3727 3727 3727
Number of groups 2140 2140 2140 2140
Wald chi2 4870.0 4315.2 4545.6 3967.9
Rsquared within 0.675 0.675 0.675 0.675
Rsquared between 0.745 0.745 0.745 0.745
Rsquared overall 0.746 0.746 0.746 0.746
B. Ireland
% innovative sales -0.003 -0.860
Product innovation (0/1) 0.001 0.020 -0.012  640.
Process innovation (0/1) 0.027 0.4B0 -0.022 -0.400 -0.021 -0.69(¢
Employment 0.000 0.94p 0.000 1.340 0.000 1.p80 0®.0 1.330
Employment Squared 0.000 -0.390 0.000 -0.620 0.000-0.500 0.000 -0.56(
Plant vintage 0.001 2.620 0.002 3.110 0.002 3240 0.002 3.180
Log capital intensity 0.047 3.700 0.048 3.720 @.04 3.740 0.048 3.660
Externally-owned firm 0.190 4.90p 0.193 4,920 Q.19 4.950 0.193 4.940
Percentage graduates 0.007 4.180 0.006 41160 0.0074.850 0.006 4.92
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Northern Ireland location
Constant

Number of observations
Number of groups

Wald chi2

Rsquared within
Rsquared between
Rsquared overall

-0.123
3.186

1850
1351
404.9
0.186
0.198
0.210

-5.530

68.44

0

-0.125
3.197

1850
1351
426.5
0.185
0.197
0.210

om2

66.6

50

-0.123
3.198

1850
1351
482.4
0.185
0.196
0.209

-5.31(4

66

-0.124 -5.43
610 1973. 67.950

1850
1351
464.1
0.185
0.197
0.210

Notes and Sources: RE GLS estimates. All models include constant seamd industry dummy variables at 2-digit level.

Sources: Swiss Innovation Panel, waves 3-6; Imstovation Panel waves 2-5.
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Figure1l: Time Seriesfor Innovation Indicators

(a) Switzerland
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Notes: Firms with innovation activities reflects firms thi either product or process innovation
activities. Firms with R&D are those firms with R&Based in the firmSources. Swiss Innovation
Survey; Irish Innovation Panel
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Table Al: Variable Definitions

Variables
K nowledge Sourcing

R&D in plant
Forwards

Backwards

Horizontal

Public

Innovation
Product innovation (0/1)

Process innovation (0/1)

% Innovative sales

Productivity
Value Added per employee

Other factors
Plant vintage
Externally-owned

Shortage of finance

Legislative regulatory
barriers

Government support
Govt support: innovation

Govt support: capital

Govt support: training

Variable Definitions

A binary indictor taking value one if the firm has in-house
R&D capacity

A binary indictor taking value one if the firm hiswards links
to customers as part of their innovation activity.

A binary indictor taking value one if the firm haackwards
links to suppliers or external consultants as patheir
innovation activity.

A binary indictor taking value one if the firm hliisks to
competitors, or as part of joint venture activag, part of their
innovation activity.

A binary indictor taking value one if the firm hliisks to
universities, public laboratories or other indusegearch
centres as part of their innovation activity.

A binary variable takirglue 1 if the firm introduced any new
or improved product during the previous three years

A binary variable takirdue 1 if the firm introduced any new
or improved product during the previous three years

An indicator representing the@etage of firms’ sales at the
time of the survey accounted for by products wiiial been
newly introduced or improved over the previous ¢hyears.

Value added is defineshbes less the cost of materials,
expenditure on plant machinery and other fixed tassad
expenditure on buildings. Both this measure andieynpent
are taken in the year of the survey.

The age of the firm (in years) attime of the survey.

A binary indicator taking valueeoifithe firm was owned
outside Ireland or Switzerland at the time of thevsy.

A binary indicator taking valui a firm reported that a lack 0
innovation finance was either a ‘fairly importaot’ ‘very
important’ barrier to innovation.

A binary indicator taking value 1 if a firm repodtéhat
regulatory barriers were either a ‘fairly importamt ‘very
important’ barrier to innovation.

A binary indicator takimglue one if the firm had received
government support for R&D or innovation over theyious
three years.

A binary indicator takingu@ one if the firm had received
government support for its investment activitiegmothe
previous three years.

A binary indicator takinglue one if the firm had received

government support for its training activities otkee previous
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Employment
Capital intensity

Percentage graduates

Northern Ireland location

three years.
Employment at the time of the survey.
Defined as expenditure on plaathinery and fixed assets an
buildings per employee in the final year of eactvey period
Percentage of the workfotbeawdegree or equivalent
qualification

A binary variable whigtkes value one if the firm is located i
Northern Ireland

Sources. Swiss Innovation Panel, waves 3-6; Irish Innovaftanel waves 2:5

o
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Table A2: Variable Correations: Switzerland

Product Process % innov Log R&D Forward Backward Horiz Public

Innov  Innov  Sales value added in house KS KS KS KS
Product innov 1.0000
Process innov 0.4589 1.0000
% innov sales 0.4034 0.2951 1.0000
Log value added 0.0714 0.0255 0.0094 1.0000
R&D in house 0.7227 0.4931 0.3623 0.0923  1.0000
Forwards KS 0.1330 0.0892 0.1117 0.0178 0.1238 0D.0O
Backwards KS 0.0007 0.0475 0.0050 -0.0099 0.0103 0663 1.0000
Horizontal KS -0.0015 0.0303 0.0299 0.0157  0.0250.2069 0.0898 1.0000
Public KS 0.0760 0.0529 0.0706 0.0647 0.1160 0.05520.1278 0.1135 1.0000
Vintage 0.0273 0.0398 -0.0580 0.0321 0.0259 -®B020 0.0265 0.0201 -0.0081
Foreign owned 0.0807 0.0035 0.0613 0.1524  0.0756 0640. -0.0161 0.0429 0.0419
Finance shortage -0.0516 -0.0050 0.0130 -0.14950230.  0.0499 0.0150 0.0509 0.0348
Regulatory issues -0.0408 0.0353 0.0144 -0.0200024®  0.0592 0.0731 0.0791 0.06p6
Govt support-innov| 0.1744 0.1564 0.1044 0.0213 1»21 0.0297 0.0125 0.0172 0.1960
Employment 0.1050 0.1121 0.0700 0.0716 0.1217 1703 0.0313 0.0648 0.1206
Capital intensity 0.0613 0.0380 0.0208 0.8373 00084 0.0373 -0.0051 -0.0086 0.03%0
Graduate workforce  0.1752 0.0556  0.1824 0.2001 320 0.0669 0.0064 0.0462 0.16}1

Govt Govt Govt
Foreign Lack Regulation Support Support Support

Vintage Owned Cash Barrier Innov Invest  Other
Vintage 1.0000
Foreign owned -0.0877  1.0000
Finance shortage -0.0560 -0.0767 1.0000
Regulatory issues -0.0065 -0.0618 0.1579 1.0000
Govt support 0.0092 0.0364 0.0510 0.0563 1.0000
Employment 0.1516 0.0164 -0.0655 0.0081 0.0785 0QNO
Capital intensity 0.0074 0.1077 -0.1380 0.0036 0G0 0.0340 1.0000
Graduate workforce -0.0768 0.1549 -0.0134 -0.0403.1476 0.1584 0.0943




Table A3: Variable Corrdations: Ireland

Product Process % innov Log value Forward Backward Horiz Public
Innov Innov  Sales added R&D in house KS KS KS KS
Product innov 1.0000
Process innov 0.2549 1.0000
% innov sales 0.5152 0.1601 1.0000
Log value added 0.0698 0.0167 -0.0195 1.0000
R&D in house 0.4489 0.2601 0.2569 0.0203 1.0000
Forwards KS 0.2347 0.2144 0.1868 -0.0100 0.2168 0QDO
Backwards KS 0.2451 0.2646 0.1632 0.0277 0.2310 100.6 1.0000
Horizontal KS 0.1556 0.1388 0.0941 0.0087 0.1215 3681 0.3288 1.0000
Public KS 0.1834 0.2026 0.1136 0.0391 0.2394 0.43490.4932 0.2514 1.000p
Vintage -0.0133 -0.0307 -0.1051 0.1015 -0.0524 0289 0.0026 0.0178 0.0174
Foreign owned 0.1337 0.1388 0.0963 0.1588 0.0182 0983. 0.1406 -0.0013 0.1445
Finance shortage -0.0624 -0.0799 -0.0052 -0.0394 .0658 -0.0376 -0.0554 -0.0129 -0.04p1
Regulatory issues -0.0071 0.0010 -0.0158 -0.0070 049m  0.0005 0.0043 0.0243 0.02f70
Govt support-innov| 0.2962 0.2200 0.2148 0.0287 D740 0.2499 0.2499 0.1508 0.3214
Govt support-invest  0.1255 0.2241  0.0809 -0.0918 16T  0.1440 0.1334 0.1060 0.16p8
Govt support-other 0.1527 0.0801 0.1033 -0.0465 20 0.1075 0.0812 0.0977 0.10p3
Employment 0.1203 0.1315 0.0881 0.0602 0.1066 6510 0.1694 0.0999 0.2060
Capital intensity 0.1099 0.2422 0.0804 0.1793 02138 0.0680 0.1118 0.0479 0.1215
Graduate workforce  0.1115 -0.0125 0.1002 0.1914 1811 0.1027 0.0780 0.0564 0.13R1
Employment -0.0764 -0.0787 -0.0583 -0.1001 -0.078®.0171 -0.0325 -0.0517 -0.0139




Gowvt Govwvt Govt

Foreign Lack Regulation Support Support Support Cap Graduate
Vintage Owned Cash Barrier Innov  Invest Other Employ Intensity Wforce
Vintage 1.0000
Foreign owned 0.0431 1.0000
Finance shortage -0.0238 -0.0766 1.0000
Regulatory issues -0.0034 -0.0861 0.1229 1.0000
Govt support-innov| -0.0715 0.0325 -0.0309 -0.0416.00Q0

Govt support-invest  -0.0290 0.0860 -0.0448 -0.0481@.3267 1.0000

Govt support-other| -0.0415 -0.0592 -0.0196 -0.0850.3223  0.2465 1.0000

Employment 0.1081 0.2838 -0.0388 -0.0322 0.122014%D 0.0121 1.0000

Capital intensity -0.0374 0.1515 -0.0509 -0.0003 1267 0.1380 0.0045 0.0643 1.0000
Graduate workforce -0.0069 0.1894 0.0246 0.0432 2Z¥1 -0.0204 0.0184 0.0946 0.1247 1.0000
Employment 0.0666 -0.1073 0.0470 0.0084 -0.013209@8 0.0827 -0.0052 -0.0619 -0.08p5
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