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Abstract

Theaimofthisstudyistoexaminehowfirmsrealizethebenefitsassociatedwith
publicsupportforR&Dprograms.Todoso,thisresearchexamineswhetherapublic
interventionthroughR&Dsubsidiesleadscompaniestoenhancetheirknowledge
sourcingactivities.Then,thestudyassesseswhetherthepolicy-inducedeffectonthe
firms’knowledgesourcingalsohasapositiveimpactontheirinnovativeperformance.
UsingpaneldataforSpanishmanufacturingcompaniesfortheperiod1998-2005,the
findingsprovideevidenceindicatingthatpublicR&Dsubsidesenhancethefirms’R&D
effortandlevelsofopennessadoptedintheirinnovations.Inaddition,theresultsshow
that,byinducingthesechanges,publicinterventionaffectsfirminnovation,as
measuredbypatentapplicationandnewproductintroductioncounts.Theimplications
oftheseresultsfortheliteratureontechnology-policyevaluationandinnovation
managementarediscussed.
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1.Introduction

Innovationisachallengingprocess.Itrequiresthatfirmsbuildproblem-solving

capabilitiesthroughwhichsolutionstovaluableinnovationproblemscanbegenerated.As

documentedbypriorstudiesoninnovationmanagement,knowledgesourcinghasa

potentiallyimportantroleinallowingfirmstoacquireanddevelopneededproblem-solving

capabilities(KatilaandAhuja,2002;LaursenandSalter,2006;RosenkopfandNerkar,2001).

However,theformationofthesecapabilitiesmaybeaffectedbythepresenceofmarketand

systemfailures(Falk,2007;Gelabertetal.,2009).Ontheonehand,marketfailuresarise

becauseinnovationisfundamentallyaprocessofknowledgeproductionthatsuffersfrom

imperfectappropriability(Arrow,1962).Thefactthatfirmscannotentirelyappropriatethe

returnsgeneratedbytheirinnovationsleadthemtounderinvestinR&Dactivities.Onthe

otherhand,systemfailuresemergebecausetheacquisitionofexternalknowledgeneeded

forfirminnovationisfraughtwithcomplexitiesandcontractualproblemsthatmayaffectthe

scopeofinter-organizationallearning(GökandEdler,2012).Becauseinternalandexternal

R&Dprovideabasisforsustainingknowledgesourcing,imperfectappropriabilityandthe

costsofexternalknowledgeacquisitionmayimpairfirminnovationinsubstantialways.

Innovationpolicyisthenjustifiedasaninstrumentthatallowspolicymakerstomitigatethe

negativeimpactofmarketandsystemfailuresonfirms’knowledge-sourcingbehavior.

Consideringthepresenceofmarketandsystemfailures,thecontributionofR&D

subsidieshasbeenevaluatedaccordingtopresenceofadditionalityeffects.Thepositive

impactofR&Dsubsidiesintermsofadditionalfirms’R&Dexpendituresareviewedasaform

ofinputadditionality,whilethepositiveeffectsintermsoffurtherinnovationoutcomesare

consideredasamanifestationofoutputadditionality(Davidetal.,2000;Kletteetal.,2000;

MairesseandMohnen,2010).Recentstudieshavestartedtoevaluatethepresenceof

behavioralchangesinsupportedfirmsinducedbyR&Dassistanceprograms,orwhatis

calledbehavioraladditionality(Knockaertetal.,2014;Wanzenböcketal.,2013).

Despitetheprogressprovidedbypriorstudies,theevaluationofinnovationpolicy
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stilloffersapartialviewofthetotalimpactofR&Dpolicyonfirminnovation.Ontheonehand,

inputandbehavioraladditionalityconceptualizationsfocustheattentionontheassessment

ofintermediateeffects,suchasthecreationoftechnologicalknowledgeorthedevelopment

ofsupportedfirms’learningcapabilities.Nonetheless,lessattentionisplacedonexamining

howtheseeffectsshapetheinnovativeperformancesofassistedfirms.Insomecases,itis

assumedthattheeffectsofinputorbehavioraladditionalitywillbeeventuallytranslatedinto

increasedinnovationoutcomes(Falk,2007).Ontheotherhand,evaluationofoutput

additionalitydisregardstheprocessthatlinkspublicsupportforR&Dandfirminnovation.

Thecharacterizationofthisprocessisimportantfordistinguishingtheeffectsgenuinely

attributabletopublicinterventionfromthosecausedbyotherfactorsthatalsodrivefirm

innovation.

Inthisstudy,weassesstheimpactofpublicinterventionviaR&Dsubsidiesonfirm

innovation.Apartfromtheevaluationofthedirectimpactassociatedwithpublicintervention,

wealsoconsideramoresubtleindirecteffect,whichrunsthroughpolicy-inducedchangesin

theknowledgesourcingactivitiesofsupportedcompanies.Specifically,ourfocusison

assessingwhethergovernmentsupportforR&Dimprovestheinnovationoutcomeof

companiesbyenhancingtheirknowledgesourcingactivities,definedherebytheR&Deffort

offirmsandlevelsofopennessintheirinnovations.UsingpaneldataforSpanish

manufacturingcompaniesduringtheperiod1998-2005,thestudyconfirmsthepresenceof

intermediateeffectsliketheenhancementoffirms’knowledgesourcingactivitiesthatare

attributabletoNationalR&Dsubsidyprograms.Mostimportantly,thestudyreportsevidence

toindicatethatsomeoftheseintermediateeffectsalsocontributetoincreasingthepatent

activityoffirmsandtheircapacitytomakenewproductintroductions.Forinstance,the

resultsshowthatpolicy-inducedincrementsinfirms’R&Deffortandpropensitytouse

technologyandlabormarketsalsotranslateintoincreasesintheirpatentapplications.

Likewise,reportedfindingsshowthatR&Dsubsidiespositivelyaffectthenumberoffirms’

newproductintroductionsexclusivelybyincreasingtheirR&Deffortandpropensitytoform
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technologycooperation.

Ourresearchcontributestotheliteratureontechnology-policyevaluationinthe

followingways.First,inassessingtheinnovationconsequencesattributabletoinputand

behavioraladditionality,itprovidesanintegrativeandmorecomprehensiveperspectiveto

evaluatetheeffectsderivedfrompublicsupportforR&D.Somerecentstudieshavebegunto

assesstheindirectimpactoftechnologypolicyonfirminnovation(CzarnitzkiandLicht,2006;

Hussinger,2008;KangandPark,2012;LeeandWong,2009).Ourstudyadvancesthese

contributionsbyassessinghowpolicy-inducedchangesonbothinternalandexternal

knowledgesourcingactivitiesaffectdifferentindicatorsofinnovationoutcomes(i.e.,patent

andnewproductintroductioncounts).Inaddition,ourstudyisamongthefirstinassessing

theindirecteffectsofpublicinterventiononfirminnovationthatrunnotonlythroughR&D

collaborationdeals,butalsothroughotherexternalknowledgesourcingactivities,suchas

technologymarketsandlabormarkets.Ontheotherhand,comparedtopriorstudies,our

evaluationassessestheinnovationconsequencesofindirecteffectsbyusingpaneldata

methodsandinstrumentalvariabletechniques.Indoingso,thestudyisbetterableto

accountforthepresenceofwidelyrecognizedsourcesofunobservableheterogeneity,which

maycausebiasesintheestimationoftheimpactofpublicsupportforR&Donfirm

innovation.

2.Conceptualbackground

2.1DirecteffectofpublicR&Dfundingonfirms’innovativeperformance

Partoftheliteratureoninnovation-policyevaluationisfocusedonassessingthe

directeffectofpublicsupportforR&Donafirm’sinnovationoutput,orwhatisdefinedas

outputadditionality.Roperetal.(2004)andHewitt-DundasandRoper(2010)identifya

rangeofmechanismsthatlinkpublicsupportforR&Dandfirms’innovativeperformance.

TheseauthorsindicatethatgovernmentR&Dprogramshelpsupportedfirmsbuildstocksof

knowledgefortheirinnovation,increasetheirabilitiestoconductfutureresearchprojects,

forminnovativecapabilitiesanddeveloptheirhumanresources.Withoutidentifyingwhichof

theaforementionedmechanismsprevailinexplainingtherelationshipbetweenpublic
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supportforR&Dandfirms’innovation,animportantstreamofworksprovideevidence

showingtheexistenceofoutputadditionality.Kletteetal.(2000)reviewasetofmicro-

econometricstudiestoassesstheimpactofalternativepolicyinterventionschemes.The

resultsshowarangeofeffects,includingenhancedpatentingcapabilities,increasedsales,

andemploymentgrowth,allofwhichindicatetheexistenceofoutputadditionality.

Morerecentevaluationstudiesconfirmthepresenceofoutputadditionalityrelating

todirectandindirectR&Dpolicyschemes,namelyR&Dsubsidiesandtaxcreditincentives,

respectively.Asregardsmarketableoutputs,HujerandRadić(2005)examinetheimpactof

R&DsubsidiesinthecaseofGermany,findingevidenceofadditionalityasmeasuredbythe

firms’propensitytomakenewproduct/serviceintroductions.Intermsofindirectschemes,

Cappelenetal.(2012)confirmthatR&Dtax-creditsraisethepropensityoffirmstopatent

andlaunchnewproductsinthecaseofNorway.Asregardscommercialoutputs,Hewitt-

DundasandRoper(2010)findthatpublicsupportforIrelandandNorthernIrelandincreases

firms’salesrelatingtoupgradedaswellasnewproductintroductions.Forthecaseof

indirectmechanismsofpublicassistance,BérubéandMohnen(2009)showthathighly

supportedfirmsinCanada,thosereceivinggrantsandR&Dtax-incentives,haveahigh

propensitytointroducenewproductsandbemoresuccessfulintheircommercialization

thantheirnon-supportedcounterpartsthatreceiveonlyR&Dtax-incentives.

Despitetherelevanceofpreviousfindings,technologypolicyassessmentinoutput

additionalityconceivesfirminnovationasablack-boxprocess,inwhichthefocusison

determiningthelinkbetweenpublicinterventionandfirminnovation,andnotonidentifying

thechannelsthroughwhichsupportedfirmstranslatethebenefitsofpublicassistanceinto

innovationoutcomes.

2.2TheintermediateeffectsofpublicR&Dfunding

Insteadofassessingtheeffectofpublicinterventiononfirms’innovationoutcomes,

otherapproachesfocustheattentiononthedeterminationofintermediateeffects,suchas

growthofprivatelyfundedR&Dexpenditures,creationoftechnologicalknowledge,or
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developmentofsupportedfirms’learningcapabilities.Inputadditionalityandbehavioral

additionalityaretwoapproachesbeingdevelopedfortheassessmentoftheseintermediate

effects.Basedonthereasoningofmarketfailure,inputadditionalityestablishesthatapublic

interventioniseffectivewhenitcausessupportedfirmstoinvestatleastoneadditional

monetaryunitforeverymonetaryunitgrantedbypublicassistantprograms.Examinationof

theinputadditionalityliteratureprovidesampleevidenceindicatingthepresenceofcrowd-in

effects,accordingtowhichpublicassistantboostsprivateR&Dexpenditures(Almusand

Czarnitzki,2003;CzarnitzkiandLopes-Bento,2012;Duguet,2004;Gelabertetal.,2009;

Gonzálezetal.,2005).

Recentstudieshavestartedtouseacomplementaryperspectivetoevaluatethe

influenceofpublicinterventionontheinnovationprocessitself.Basedonthelogicofsystem

failure,theattentionisonthepresenceofbehavioraladditionality,asfirstlydefinedby

Buisseretelal.(1995),orbehavioralchangesinsupportedfirmsinducedbypublic

assistance.Thisperspectiveemergesasaresponsetotheextendedrecognitionamong

scholarsandpolicymakersthatpublicinterventionnotonlyprovidesfinancialresources,but

alsoproduceslearningeffectsthatcaninfluencethewayfirmsorganizetheirinnovation

activities.Forinstance,Georghiouetal.(2004)acknowledgethatpublicintervention

generatesbehavioraladditionalitywheninstrumentsofinnovationpolicyinteractwiththe

strategiesandcapabilitiesofsupportedfirms.Fromthisinteraction,firmscanlearnfrom

knowledgespilloversandfromtheexposurestothestrategies,routines,andcapabilitiesof

thoseorganizationsinvolvedinpublicfundedprojects.

Intermsofidentifyingintermediateeffectscausedbyinputandbehavioral

additionality,knowledgeacquisitionisrecognizedasoneimportantdimensionofthe

innovationprocessthatcanbeaffectedbypublicintervention(Falk,2007;Georghiouetal.,

2004;KangandPark,2012).Priorresearchhasproposedseveralconceptualizationsto

assesstheimpactoftechnologypolicyontheknowledge-acquisitionbehavioroffirms.

Amongthemostcommonlyused,wefindthenotionsofscaleadditionalityandscope
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additionality.Publicinterventionproducesscaleadditionalityifsupportedfirmsenlargethe

scaleoftheirknowledge-acquisitionactivities,andscopeadditionality,ifsupportedfirms

increasethecoverageoftheseactivitiestoabroaderrangeoftechnologicalfields(Falk,

2007;Georghiouetal.,2004;Wanzenböcketal.,2013).Recentstudieshavealsostartedto

evaluatetheimpactoftechnologypolicyintermsofchangesinthewaysupportedfirms

acquireknowledgefromexternalsources(Afcha,2011;BusomandFernández-Ribas,2008;

MohnenandHoareau,2003).Inthiscase,thenotionofcollaborationadditionalityisadopted

todescribetheimpactofpublicinterventiononthestrategiesimplementedbycompanies

whentheysourceproblem-solvingcapabilitiesfromcollaborationagreements(Roperand

Hewitt-Dundas,2012).

Policyevaluationonintermediateeffectsisusefultoidentifyimportantchangesin

theknowledge-sourcingbehaviorofsupportedcompanies.However,theevaluationof

technologypolicybasedonintermediateeffectsislimited.Inthecaseofinputadditionality,

theevaluationismostlybasedontheacquisitionoftechnologicalknowledgeandnotonthe

partoftheinnovationprocessinwhichsupportedfirmstransformthatknowledgeinto

innovationoutcomes.Theevaluationbasedonbehavioraladditionalityrecognizesabroad

rangeofeffects,butlessattentionisstillpaidtotheexaminationofthelinkbetween

behavioralchangesandfirminnovation.Theseconceptualizationsimplicitlyassumethat

changesininputsandbehaviorsareforthebetter,andconsequently,theyshouldtranslate

intoinnovationoutcomeswithpotentialcommercialvalue(Falk,2007).Nonetheless,these

approachesdisregardthedescriptionofthechannelsbywhichtheirinvolvedintermediate

effectsenhanceinnovationoutcomes.

2.3KnowledgesourcingasaninterveningmechanismlinkingpublicsupportforR&D
andfirminnovation

Giventhefindingsreportedbypriorstudiesontechnology-policyevaluation,inthis

researchouraimistoexaminewhetherthereisanindirecteffectofapublicinterventionon

theinnovationoutcomesofsupportedcompanies,runningthroughchangesintheir

knowledgesourcingbehavior.Hence,ourfocusisondeterminingifknowledgesourcing
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activitiesaremediatingmechanismsintherelationshipbetweenpublicsupportforR&Dand

firminnovation.Toexaminewhetherknowledgesourcingchannelsapublicintervention

impactintofirminnovation,theattentionisonanalyzingtheinnovationconsequences

causedbyinducedchangesintheR&Dadoptionbehaviorofsupportedfirms.Inthisstudy,

wecharacterizetheknowledgesourcingofafirmby(i)theR&Deffortitchooses,and(ii)the

degreeofopennessitadoptsforitsinnovationactivities.

Ourfocusontheseformsofknowledgesourcingisjustifiedbythefollowingreasons.

Ontheonehand,afirm’sinvestmentinintramuralR&Dcomprisesaprominentmechanism

forachievingknowledgeintendedtosolveunderlyingproblemsemergingduringthe

innovationprocess(Helfat,1994;Nerkar,2003).Theseinvestmentsuncovertheeffortmade

byafirminsearchingandimplementingsolutionstoimprovetheperformanceofa

technologyand/oraproductdesign(Pisano,2000).Ontheotherhand,firmsmayacquire

essentialknowledgefortheirinnovationsfromexternalsources.Becauseofrecenttrendsin

technologyevolution,firms’innovationsrequirestheuseandintegrationofseveral

knowledgebases,someofwhichareembeddedintheirenvironment(Lakhanietal.,2013).

Asaresult,intramuralR&Disnolongerenoughtoachievealeading-edgeininnovation

(CassimanandVeugelers,2006).Tohandlethisissue,manyfirmscandeveloptechnology

andproductdevelopmentmodelsthatfostertheuseofexternalknowledgesources

(Chesbrough,2006;LaursenandSalter,2006;Powelletal.,1996).Theformationofalliances

alongwiththeuseofmarket-basedarrangementsaretwoestablishedmechanismsthat

assistfirmsinobtainingrequiredproblem-solvingcapabilitiesfromexternalsources(Grant

andBaden-Fuller,2004;WestandBogers,2014).

Here,itisanticipatedthatpolicy-inducedeffectsonpreviouslydescribedknowledge

sourcingdimensionsincreasefirminnovationgiventhelargelyrecognizedroleofthese

dimensionsinfacilitatingthedevelopmentoftheproblem-solvingcapabilitiesafirmrequires

forthegenerationofnewtechnologiesand/orproductdesigns(CassimanandVeugelers,

2006;KatilaandAhuja,2002;LaursenandSalter,2006).Nextsectiondiscussesthepotential
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effectsofpublicinterventionontheknowledgesourcingoffirms.Then,theinvolved

innovativeeffectsareconsidered.

2.3.1 Publicinterventioneffectsrunningthroughthefirm’sR&Deffort

Inlinewiththefindingsreportedbypriorstudiesontechnology-policyevaluation,our

aimistoverifythepremisethatfirmsreceivingR&Dpublicfundingwillincreaseknowledge

sourcingoccurringintheirintramuralR&Dactivities.Twomechanismscanbeusedfor

explainingthispolicy-inducedeffect.First,whenfirmsengageinpubliclyfundedprojects,

theygainexperienceinexecuting,organizingandmanagingtheinvolvedR&Dactivities.In

linewiththesuggestionofRoperetal.(2004),thisexperiencehelpssupportedcompanies

developR&Dmanagementcapabilities,hencefavoringthefutureundertakingofprivately

fundedR&Dactivities.ThisfactholdstruebecausetheformationofR&Dmanagement

capabilitiesproducesproductivitygainsthatreducethecostsafirmfacesinthe

organizationofsubsequentR&Dactivities.Forinstance,firmsbuildingthesecapabilitiescan

determinemoreeasilythetargetoffutureR&Dprojectsandevaluatetheirpotentialvalue

thanthoselackingsuchcapabilities(Clarysseetal.,2009).Second,fromtheexecutionof

publiclyfundedprojects,supportedfirmscangeneratetechnologicalopportunitiesthatlead

tonewR&Dprojects.ThiscomesaboutbecausepubliclyfundedR&Dprovideoutputs,such

asnewknowledgeandproblem-solvingcapabilitiesthatsupportedfirmsmightuseto

developtheiron-goingprojectsand/orbeginnewventures.Forinstance,involvementinR&D

grantprogramsmightenablesupportedfirmstoidentifyrelevantinnovationproblemsor

discoversolutionstosomeothers,openinginthiswaynewavenuesforthedevelopmentof

alternativeR&Dprojects.ThisfactisconsistentwiththeideaofLee(2011)thatpublicly

fundedR&Dprojectsgenerateknowledgespilloversthatmayenhancethetechnological

performanceofthesupportedcompanies’R&Dactivities.

IfengagementsinpublicR&DgrantedprogramsleadfirmstoincreaseitsR&Deffort,

thenaninterestingpolicyissueistoexaminewhethertheinducedincrementsinintramural

R&Dtranslatetoasuperiorinnovativeperformance.Sincefirminnovationisarelevanttarget
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ofmanypublicR&Dfundingprograms,itisimportanttodetermineiftheintermediateeffects

associatedwithpublicinterventionfinallybringssuperiorinnovationoutcomes.Inlinewith

studiesontechnologyandinnovation(KatilaandChen,2008;Pisano,2000;Rosenkopfand

Nerkar,2001),weexpectthatpolicy-inducedeffortsinsourcingknowledgefromintramural

R&Dgeneratenewknowledgethatexpandsthetechnologicalspaceinwhichfirmsmayfind

solutionsfortheirtechnologyandproductdevelopmentprocess.Indoingso,wefurther

anticipatethatnewpossibilitiesofknowledgeassociationwillmaterialize,thusfavoring

increasesinsupportedfirms’innovationcapabilities.

PriorsuggestionsindicatethatR&Dsubsidyprogramsmayaffectfirminnovation

indirectlybyincreasingknowledgesourcingoccurringviaintramuralR&D.Despiteitspolicy

implications,fewstudieshaveassessedthisindirecteffect.Notableexceptionsarefoundin

thefollowingthreestudies.First,CzarnitzkiandLicht(2006)showthatparticipationsin

publicR&DgrantprogramsinthecaseofWestandEastGermanyisassociatedwith

incrementsintheR&Deffortofsupportedcompanies.Moreover,theirstudyrevealsthatR&D

expendituresstimulatedbypublicfundingfurtherincreasethesupportedfirms’patent

applicationpropensity.Second,Hussinger(2008)reportsevidenceforasampleofGerman

manufacturingcompaniesthatpolicy-inducedR&Dcontributestoenhancednewproduct

sales.Third,forasampleofabiotechnologycompaniesinSouthKorea,KangandPark

(2012)findevidencetoindicatethatgovernmentalsupportthroughfundingR&Dprojects

indirectlyaffectsfirms’innovationbyboostinginternalR&Dactivities.Allthesefindings

rejectthepremisethatR&Dsubsidiesleadcompaniestospendinefficiently,forexample,by

increasingthewagesofR&Dpersonnelwithoutaninvolvedproductivitygain.Theyalso

discardthepresenceofreallocationeffectsinwhichsupportedfirmsadjusttheirR&D

portfoliotowardtechnologiesthatmakethemlessproductiveinproducinginnovations.

2.3.2 Publicinterventioneffectsrunningthroughtheopennessinfirminnovation

Here,itisalsosuggestedthatparticipationinpublicR&Dgrantprogramscan

encouragesupportedcompaniestoobtainknowledgefromexternalsources.Asinthecase
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ofintramuralR&D,thepresenceofexperienceeffectsandtechnologicalopportunities

provokedbypublicR&Dgrantprogramsareusedforexplainingwhysupportedfirmsmay

acquireknowledgefromexternalsources.First,earlierresearchontechnologypolicy

indicatesthat,apartfromthegainedexperienceinmanagingtheinvolvedR&Dactivities,the

undertakingofpubliclyR&Dprojectsalsoleadssupportedcompaniestobuildstocksof

knowledge(Lee,2011;Roperetal.,2004).Animportantimplicationofthisisthatthe

formationofthesestocksalsomakessupportedfirmsmoreabletoidentify,assimilateand

applyexternalknowledgethatisassociatedwiththetechnologicalfieldscomprisingsuch

stocks.Thisideaiscoherentwiththeconceptualizationofabsorptivecapacity,accordingto

whichthedegreeofexternalknowledgeutilizationisafunctionofthelevelofrelatedprior

knowledgeafirmaccumulates(CohenandLevinthal,1990).Precedingargumentssuggest

thattheopennessadoptedbyasupportedfirmtosourceknowledgeiscreatedasa

byproductofitsinvolvementinpubliclyfundedR&Dprojects.Forinstance,ifacompany

receivespublicfundingtodevelopaR&Dprojectrelatedtothetechnology“X”,our

suggestionindicatesthatthisfirmwillbebetterreadytoidentifytheimportanceofexternal

knowledgeassociatedwith“X”.Becauseoftheformationofabsorptivecapacityin“X”,itis

anticipatedthatpublicinterventionwouldenablethisfirmtoobtainandapplyexternal

knowledgeconnectedto“X”initsowninnovations.Whiletheabsorptivecapacityresulting

fromtheexecutionofpubliclyfundedprojectsreducesthecostsofacquiringexternal

knowledge,itisexpectedthatsupportedfirmsaremorewillingtoformalliancesand/orto

usemarket-basedcontractstosourceexternalknowledgeforitsinnovations.

Second,theexploitationofpartofthetechnologicalopportunitiescreatedbythe

executionofpubliclyR&Dprojectsmayrequirethatsupportedcompaniesacquire

complementaryproblem-solvingcapabilitiesfromexternalsources(LeeandWong,2009).

Forinstance,solutionsgeneratedfromtheexecutionofpublicR&Dprojectscanbe

subsequentlydevelopedbysupportedcompaniesusingresourcesandcomplementary

knowledgeobtainedfromotheragents,suchasuniversities,researchcentersandother
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companies.Similarly,identifiedinnovationproblemsinpubliclyfundedprojectsmightrequire

theaccesstotechnologicalsolutionscomingfromotherorganizations,whichwouldlead

supportedcompaniestoformlinkslikeR&Dalliancesandmarket-basedagreementsto

obtainsuchsolutions.Thispositioniscoherentwiththepremisethatbeingrecipientfirmof

publicR&DsupportandthusperformingpublicR&Dprojectsmaygeneratenew

technologicalnecessitiesthatmayleadnotonlytointensifyknowledgesourcingoccurring

viaintramuralR&D,butalsotoopentheknowledgesourcingactivitiesofsupported

companies.

WhiletheexecutionofpubliclyR&Dprojectsmayleadsupportedfirmstosource

externalknowledge,animportantpolicyissueistodeterminewhetherthispolicy-induced

effectalsoinvolvesasuperiorinnovativeperformanceforthesupportedcompanies.The

examinationofthisissueisrelevanttoassessadequatelythescopeofpublicprogramsin

promotingR&Dactivities.Here,oursuggestionisthatprogramsencouragingfirmstosource

externalknowledgeshouldbringsubsequentpositiveinnovativeperformanceeffects.The

mainreasonthatsustainsthisclaimisthattheuseofexternalknowledgefacilitatesthe

emergenceofnewpossibilitiesforknowledgerecombination(FlemingandSorenson,2001;

RosenkopfandNerkar,2001).Aswidelyrecognizedbystudiesontechnologyandinnovation,

R&Dcollaborationsandknowledge-acquisitionsintechnologymarketsareprominent

mechanismstoacquirenewknowledge(Almeidaetal.,2003;GrantandBaden-Fuller,2004;

Moweryetal.,1996;Powelletal.,1996).Forinstance,theuseofalliancesandmarket-based

dealsprovidesfirmswithmechanismsthatenableknowledgetransferandtheinternalization

oftechnologicalopportunitiesexistingintheirenvironments(Gomes-Casseresetal.,2006).

Thus,thesearrangementshelpfirmschannelexternalknowledgeintothesitewheretheir

problem-solvingcapabilitiesareplaced.Indoingso,firmscanextendthetechnological

spacefromwhichnewknowledgecombinationsmightariseforthesolutionofrelevant

innovationproblems(KatilaandChen,2008).Withanextendedtechnologicalspace,

innovationismorelikelytooccurbecausefirmsfacemorepossibilitiestorecombine
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existingknowledgeandsolutions,orreconfigurethewaysknowledgeelementsarelinked

(Phelps,2010).Animplicationoftheseideasisthatinduced-policychangestowardtheuse

ofexternalknowledgesourcesstrategiesmightincreasetheinnovativeperformanceof

supportedcompanies.Asaresult,theevaluationofprogramsbasedonthegrantofR&D

fundingshouldconsidertheindirecteffectonfirminnovationrunningthroughaninduced

willingnessofsupportedcompaniestosourceexternalknowledge.

Despitebeingrelevantforasuitableevaluationofaninnovationpolicy,veryfew

studieshaveassessedthepresenceofthisindirecteffect.Notableexceptionsarefoundin

thecaseofLeeandWong(2009)andKangandPark(2012).Inthefirstcase,thestudyuses

mediationanalysistoassesstheindirecteffectofpublicinterventiononsupportedfirms’

productandprocessinnovations,transmittedthroughtheformationofR&Dcollaborations.

Forasampleofmanufacturingsmall-mediumsizeenterprises(SME)forSingapore,the

authorsreportevidenceindicatingthatsupportedcompanieshaveastrongpropensityto

formR&Dcollaborationdeals,andindoingso,publicinterventionfavorsproductand

processinnovationforthesecompanies.Inthesecondcase,thestudydocumentsthe

existenceofindirecteffects,accordingtowhichgovernmentsupportforR&Dimpactsfirms’

patentingpropensitybyallowingfirms’participationindomesticanddownstreamalliances.

Takentogether,theseresultsindicatethataproperevaluationoftheimpactofpublicR&D

grantshouldconsiderpotentialconsequencesofpublicinterventioninchangingnotonlythe

R&Deffortofsupportedfirms,butalsotheirexternalknowledgesourcingbehavior.Inthis

way,technology-policyevaluationcouldcaptureabroaderrangeoftheeffectsthatare

relevantforenhancingtheinnovationprospectsofrecipientcompanies.

Inordertosummarizepriorideas,Figure1presentsthemediatedmodelthat

describesthepotentialroleofknowledgesourcinginlinkingpublicsupportfromR&Dand

firms’innovativeperformance.Nextsectionswillexplaininmoredetailsthedataand

methodsimplementedinthestudytoassessthedirectandindirecteffectsofpublicR&D

grantsdepictedbyFigure1.
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[InsertFig.1here]

3.Empiricalanalysis

3.1Data

TheanalysisinthisstudymakesuseofdatacomingfromtheSurveyofBusiness

Strategy(ESEE,itsSpanishacronym).TheESEEisafirm-yearlevelpanelconductedbythe

FundaciónEmpresaPública,incollaborationwiththeSpanishMinistryofIndustry.Startingin

1990,thesurveygathersdetailedinformationonseveraldimensionsoffirms’business

strategiesandincludesanaveragesampleof1,800manufacturingcompanies.TheESEEis

anunbalancedpanelbecausesomecompaniesstoppedprovidinginformationforreasons

suchasmergers,shutdownorliquidation.Topreserverepresentativeness,newcompanies

areincludedinthesurveyeachyear.TheESEEprovidesinformationonfirmsoperatinginall

Spanishmanufacturingindustries,classifiedaccordingtothetwodigit-levelNACEindustry

classification(StatisticalclassificationofeconomicactivitiesintheEuropeanCommunity).

Thesurveyisexhaustiveforfirmswithmorethan200employees.Forfirmshavingbetween

10and200employees,astratifiedrandomsampleiscollectedbyindustryandfirmsize

intervals.

Asrelevantinformationabouttheuseofknowledge-sourcingstrategies(e.g.,R&D

alliances,technologyin-licensingorR&Doutsourcing)wasincorporatedintothesurveyin

1998,webuiltalongitudinalsamplefortheperiod1998-2005.Someofthemethodsusedin

thestudyrequirenogapsinthewithin-firmtimeseries1.Withthisrequirement,oursample

comprisesobservations(firms)withatleasttwoconsecutivevaluesforallthevariables

underconsideration.Aftertakingawayobservationswithmissingvalues,thesample

includes1,567firmsand10,118firm-yearobservations.Inoursample,11.93%ofthe

companiesreceivedpublicfundsfromtheSpanishgovernmentatleastonceduringthe

period1998-2005.

Table1showsthebreakdownofthesamplebyindustrytype,supportstatusandfirm

1Inparticular,theserequirementsareimposedontheestimationofthemodelusedheretoexplain
thefirms’innovativeperformance.
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size.Industrieswereclassifiedaslow-orhigh-techintensive,accordingtoOECDtaxonomy

(2005).Table1revealsthattheprobabilityofbeingasupportedcompanyislargerforhigh-

techindustries.Duringtheperiodunderconsideration,wecanobservethathigh-tech

industriesconcentratelargersharesofsmall-to-mediumsizefirms(200orfeweremployees),

whilethedistributionbetweensmallandlargecompaniesismorebalancedinlow-tech

industries.

[InsertTable1here]

OursamplecoversaperiodinwhichtheSpanishinnovationsystemhadapoor

performance,assuggestedbysomeoftheindicatorstraditionallyusedtomonitor

developmentsinscienceandtechnology(COTEC,2007).Forinstance,fortheperiod1998-

2005,totalSpanishexpenditureonR&Dwithrespecttogrossdomesticproduct(GDP)was

halftheEuropeanUnionaverage(Vega-Juradoetal.,2009).Additionally,datafromthe

CommunityInnovationSurveyrevealthattherateoftechnologicalcooperationinSpain,

particularlybetweenfirmsandpublicinstitutionssuchasuniversitiesandresearchcentersis

belowtheEuropeanUnionaverage(BusomandFernández-Ribas,2008).Ontheotherhand,

theSpanishinnovationsystemfortheperiod1998-2005ischaracterizedbythedominant

roleofthepublicsectorinthecompositionofthenationalexpendituresinR&D.Forinstance,

in2003totalpublicexpendituresinR&Dwere40.1%inSpain,whilethisproportionreached

34.7%intheentireEuropeanUnion(Segarra-BlascoandArauzo-Carod,2008).The

contributionofSpanishbusinesssectorstonationalexpendituresinR&Dwasoneofthe

lowestamongtheOECDcountriesoverthe1998-2005period(COTEC,2007).Giventhe

informationgatheredbytheESSEondirectmechanismsofpublicintervention,thestudyisin

agoodpositiontoassesspotentialeffectsofSpanishR&Dsubsidyprogramsoninducing

changesintheinnovativebehaviorofthesurveyedcompanies.

3.2R&DsupportforfirmsinSpain

Inthisresearch,theattentionisplacedonsupportprovidedbytheSpanish

governmentviaR&Dsubsidies.Unfortunately,theESEEdoesnotprovidedisaggregated
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informationtoidentifyspecificnationalprogramsfromwhichfirmscanobtainR&D

subsidies.Asinthecaseofotherstudiesontechnology-policyevaluation(Busomand

Fernández-Ribas,2008;CzarnitzkiandLicht,2006;Gelabertetal.,2009;Hussinger,2008),the

analysishereisdoneatanaggregatelevelbyassessingthe“average”impactofpublic

interventionrelatedtoR&Dsubsidiesonfirminnovationfortheperiodunderquestion.In

particular,thestudyfocusesonR&DsubsidiescomingmainlyfromsourcesliketheNational

PlanforScientificResearchandTechnologicalDevelopment(NationalR&DPlan).Thisplan

hasbeenthemostimportantpolicyinstrumentusedinSpainforarticulatingpolicyactions

intendedtoimprovethetechnologicalperformanceofthecountry’sinnovationsystemsince

1998(BusomandFernández-Ribas,2008).Thenceforth,theNationalR&Dplanhaspursued

severalobjectives,amongwhichwecanhighlighttheincreaseofbusinessR&Dexpenditures

andthenumberofresearchershiredbycompanies,thepromotionofprogramsfortheuseof

newtechnologies,andtheraiseoffirms’participationincooperativeresearchprojects,

particularlybetweencompaniesandpublicinstitutions,suchasuniversitiesandresearch

centers.TheCenterfortheDevelopmentofIndustrialTechnology(CDTI)hasbeenthepublic

entityresponsibleforchannelingthefundingincludedintheNationalR&DPlan(Ballesteros

andRico,2001).AlltheseprogramsincludemechanismsthatrangefromR&Dsubsidies,

softcredits,toequityco-investmentprojects.However,givendatalimitations,herethefocus

isonprogramsbasedonR&Dsubsidies.

TheprocessofpublicfundingallocationthroughtheCDTIisasfollows.Apubliccall

isannouncedandfirmsdecidewhethertoapply.Afterevaluatingtheapplications,agroupof

proposalsisselectedforbeinggranted.Inastudyoftheevaluationprocessfollowedbythe

CDTI,HuergoandTrenado(2010)definethegeneralcriteriaconsideredbytheagencyto

grantR&Dsupport.Thefollowingitemsareconsideredintheassessmentprocess:(i)

scientific-technicalqualityoftheproposals,(ii)degreeofinnovationoftheprojects,(iii)

technicalandfinancialcapabilitiesoftheapplicantfirmstoundertaketheprojects,iv)firms’

abilitiestoexploitpotentialoutcomesoftheprojects,(v)potentialmarketvalueofthe
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outcomesderivedbytheprojects,and(vi)fulfillmentofencouragingeffect.Theseauthors

alsouncoverthedriversexplainingthelikelihoodofapplicantfirmstoreceivesupport.In

theirstudy,itisindicatedthatthedegreeofR&Dintensityassociatedwiththeproject,the

existenceoffirms’technicalcapabilityforthedevelopmentoftheproject,andtheexport

possibilitiesinvolvedbytheprojectarethemostimportantfactorsshapingthegrant

decisionoftheagency(HuergoandTrenado,2010).

3.3Variables

3.3.1 Dependentvariables

Innovativeperformance:Wemeasuredthismultidimensionalconstructbyusingtwo

alternativeindicators:patentapplicationcountsandnewproductintroductioncounts.With

thesevariables,ourobjectiveistocharacterizetwodimensionsoftheinnovationprocess

thatareofcentralimportanceintheimpactevaluationofR&Dsubsidies:(i)thefirm’s

inventivenessand(ii)thefirm’snewproductdevelopmentcapabilities(Clarysseetal.,2009;

Czarnitzkietal.,2007;Falk,2007).Ontheonehand,priorstudiesofinnovationand

technologyoftenconceivepatentsastheoutputfromaknowledge-productionfunction,

whichdescribeshowfirmsbuildnewknowledgefromR&Dactivities(Ahuja,2000;Cincera,

1997;Hausmanetal.,1984;Nerkar,2003;RothaermelandAlexandre,2009).Ontheother

hand,priorstudiesoforganizationallearningcommonlyviewnewproductintroductionsasa

measureindicatingthefirm’sabilitiestoapplysourcedknowledgeinthegenerationof

productswiththecapacitytofulfillemergingorexistingcustomers’needs(Blundelletal.,

1995;NerkarandRoberts,2004;SalomonandShaver,2005).Inthisregard,newproduct

introductionsareviewedasimportantelementsoffirminnovationcapabilities(Katilaand

Ahuja,2002).

However,wealsoacknowledgesomelimitationsofthesemeasures.Despitebeingan

indicatorofafirm’sinventiveness,patentscanbeatthesametimetheoutcomeofother

strategies,suchaspreventingpossiblehold-upproblemsinthemarketfortechnologyor

blockingacompetitor’sentry(LaursenandSalter,2006).Furthermore,patentcountsmay

underestimateafirm’sinnovation.Thisholdstruebecausemanyinnovationsareonlypartly
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coveredbypatentprotection,ornotcoveredatall(Griliches,1991;Klevoricketal.,1995;

Sidhuetal.,2007).Ontheotherhand,althoughnewproductintroductionsreflectafirm’s

innovativeness,itdoesnotnecessarilyquantifytheextenttowhichsuchintroductions

generatecommercialvalue.Forinstance,companiesmayfailinmaximizingthefitwiththeir

customers’needswhiledevelopingnewproducts(SchillingandHill,1998).Inthiscase,new

productintroductionswillnotbetranslatedintoincreasedsalesandthefirm’sgrowth

(Schilling,2012).Despitethislimitation,somestudiesalsosuggestthatnewproduct

introductionspositivelycorrelatewithsalesgrowthandmarketvalue(BanburyandMitchell,

1995;KatilaandAhuja,2002;Scherer,1983).Givenpriorlimitations,werecognizethatour

empiricaldesignmeasuresthepotentialeffectsofpublicinterventiononfirminnovation

imperfectly.

3.3.2 Mediatorvariables

R&Deffort:Tocharacterizethisdimensionofthefirm’sknowledge-sourcingbehavior,

theindicatorR&Dintensity,measuredasfirms’R&Dprivateexpendituredividedbyfirms’

totalsales,wasbuilt.Here,weassumedthat,whenafirmincreasesitsR&Deffort,italso

modifiesimportantattributesofitsknowledgesourcingbehavior,suchasthescaleand/or

scopeofitsR&Dprojects.Thus,inthestudyoftheeffectsderivedfromR&Dsubsidies,we

thinkthisvariableenablesexaminationofwhetherpublicinterventionmodifiesthe

knowledgesourcingbehaviorofsupportedcompanies.

Opennessininnovation:Weassumedthatfirmsopentheirinnovationactivitiesby:(i)

formingtechnologyalliances(GrantandBaden-Fuller,2004),(ii)acquiringknowledgeinthe

marketsfortechnology(Aroraetal.,2004;Laursenetal.,2010),(iii)hiringqualified

employees(HessandRothaermel,2011),and(iv)usingconsultantexpertisetoobtain

informationaboutrelevanttechnologies(Santamariaetal.,2010).Thefollowingdummies

variableswereconsideredtoindicatetheuseofthepreviouslydescribedexternalknowledge

sourcesactivities.Thefirstdummytakesthevalueof1whenthefirmsstatedthatthey

formedR&Dalliancesintheformofjointventuresornon-equitybasedagreements.The
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seconddummyisequalto1whenthefirmsacquiredknowledgeinthemarketplaceusing

licensing-inorR&Doutsourcingdeals.Thethirddummyawardsthevalueof1whenthefirms

claimedtheyhiredemployeeswithexperienceinR&Dinothercompaniesorfrompublic

institutions,suchasuniversitiesorresearchcenters.Thelastdummyisequalto1whenthe

firmsusedconsultingservicestoobtaininformationaboutvaluabletechnologies.

3.3.3 Independentvariable

PublicfundingforR&D:oursubsidymeasurereferstothelogofthetotalamountof

publicfundingreceivedannuallybyeachfirmfromR&DsubsidyprogramsliketheNational

R&DPlan.AlthoughtheESEEallowsdistinctionamongregional,nationalandotherprograms,

ourfocusisonfundinggrantedbytheSpanishgovernment.Severalreasonsjustifythis

choice.First,subsidiesgrantedbytheseprogramsconstitutethemainsourceofpublic

fundinginSpain(COTEC,2007).Second,sincesourcesoffundingdifferfromoneanotherin

termsoftechnologypolicyobjectives,eligibilityandselectioncriteria,andamountsof

funding,theuseofanaggregatemeasurecontainingseveralprogramtypesmaybe

problematic(BusomandFernández-Ribas,2008).Forinstance,aggregationwouldmakeit

difficulttodistinguishbetweentheeffectsofpublicsupportonbothinnovativeperformance

andknowledge-sourcingdimensionsfromthoseduetothespecificcharacteristicsofeach

program.Third,sinceafirm’sopennesstoinnovationisarequirementcommonlyimposed

byEuropeanagenciestograntR&Dsupport,theinclusionofEuropeanfundingasapartof

theindependentvariablecouldcreateaproblemofendogeneitythatwouldaffecttheresults

oftheevaluationpolicyinthestudy(BlanesandBusom,2004).

3.3.4 Controlvariables

Firm-specificcharacteristics:First,weaccountedforthefirm’spredispositionto

explorenewtechnologiesbecausethisaspectcandeterminethescopeofitsintramuralR&D

activitiesaswellasthebreadthofitsexternalknowledge-sourcingstrategies.Moreover,

companiesthataremoreexploratoryarealsowellpositionedtomakeinnovations.

Explorationwasmeasuredbythevariable,technologicalassessment,whichisadummy

variablethattakesthevalueof1whenfirmsassertedthattheyevaluatedalternative
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technologiesorperspectivesoftechnologicalchange.Second,wecontrolledforfirmsize

becauselargerfirmsmayhavericherendowmentsofresourcesthatenablethemtoexploit

internally-andexternally-basedR&Dactivities.Aslargerfirmsarelessfinanciallyconstrained,

theyarebetterpreparedtoassembleresourcesforinnovations.Sizewasmeasuredasthe

logofthenumberofemployees.Third,theaccessoffundingfromothersourcesmaybe

correlatedtothelikelihoodofreceivingfundsfromtheSpanishgovernment.Tomitigate

potentialbiasesduetoomittingthisfactor,weconsideredthevariable,othertypesof

subsidies,measuredasthelogofthetotalamountofpublicfundsgrantedbyregionaland

otherprograms.Fourth,weincludedthevariable,processinnovation,tocontrolforthe

presenceofpotentialcomplementaritiesbetweenprocessandtechnologicalinnovationand

betweenprocessandproductinnovation.Todoso,weusedadummyvariablethattakesthe

valueof1anytimeafirmreportedithadprocessinnovations.Finally,weintroducedthe

dummyvariable,marketstructure,whichtakesthevalueof1whenafirmstatedthatit

operatedinamarketwithlessthan10competitors.Indoingso,weaccountfortheeffects

thatmarketconcentrationmayhaveoneitherboostingorinhibitingafirm’sknowledge-

sourcingactivitiesanditspredispositiontoinnovate.

Industry-specificcharacteristics2:First,weincorporatedintotheanalysisthevariable

industryexportintensity,definedastotalindustrialexportsnormalizedbytotalindustrial

sales.Ontheonehand,firmsinindustrieswithahighlevelofexportsmayextendtheir

searchactivitiestodistinctgeographiccontextsusingtheirinternalandexternalR&D

activities.Ontheotherhand,firmsoperatinginexportindustriesarelikelytoinnovatemore

tocompeteeffectivelyininternationalmarkets.Second,weaddedthevariableindustrial

technologicalopportunities.Firmsoperatinginindustrieswithahighleveloftechnological

opportunitiesfacegreaterincentivestoreinforcetheirknowledge-sourcingstrategiesasa

waytoaccesssuchopportunities.Thepresenceoftechnologicalopportunitiesmayimprove

2Allthevariablesinthissectionweremeasuredattwo-digitNACElevel.Foreachfirm,magnitudes
alwaysexcludethecorrespondingfirm-levelvalue.Forexample,totalsalesatindustryxandforfirmi
werecalculatedasfollows:totalsalesinx–totalsalesoffirmi.
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theentireprocessoftechnologyandproductdevelopment,affectingafirm’sinnovation

capabilities.WemeasuredtechnologicalopportunitiesastotalindustryR&Dexpenditures

normalizedbytotalindustrysales.Toallowforanon-linearrelationshipbetweenindustrial

technologicalopportunitiesandfirms’innovativeperformances,ontheonehand,andthe

knowledge-sourcingdimensionsontheother,thesquareofthemeasureoftechnological

opportunitieswasalsoincluded.Finally,weaccountedfortheappropriabilityregime

prevailingineachindustry.Todoso,wefollowedotherstudiesandbuiltthevariableindustry

appropriability,measuredastheratiooftotalpatentsinindustryxtototalnumberof

companieswithpatentsinindustryx(Beneito,2003).Thismeasureaimstoreflectthefact

thatmorepatentsperinnovativecompanyindicatethatinnovationoutcomesinindustryx

areeasytoprotect.

3.4Methods

GivenourobjectiveofassessingtheindirecteffectofR&Dsubsidesonfirm

innovationrunningthroughknowledgesourcingactivities,inthisstudyweappliedmediation

analysis.Toaccomplishthis,weproceedasfollows.First,weimplementedtheBaronand

Kenny’s(1986)causal-stepmethodfordescribingthepathsthroughwhichR&Dsubsidies

affecttheinnovationoutcomesofsupportedcompanies.Todefinethesepaths,twosetsof

modelswereestimated,oneforexaminingthedeterminantsofafirm’sinnovative

performanceandtheotherforstudyingthedriversoftheknowledge-sourcingdimensions

underquestion.Frompreviousmodels,weverifiedthepresenceofanindirecteffectby

determiningwhether(i)publicfundingforR&Dsignificantlyaffectsknowledge-sourcing

dimensions,and(ii)knowledge-sourcingdimensionsdeterminefirms’innovative

performance.WealsoverifiedthepresenceofadirecteffectofpublicsupportforR&Don

firms’innovativeperformance,oncetheinfluenceofthemediatorvariables(i.e.,knowledge-

sourcingdimensions)iscontrolled.Second,wecomplementedprioranalysisbyusinga

product-coefficientapproach(PreacherandHayes,2008).Inthiscase,wetestedforthe

statisticalsignificanceofthedirectandindirecteffectsattributabletoR&Dsubsidies.
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Itisworthwhiletohighlightthattheuseofmediationanalysishasstartedtogrowin

recentresearchontechnology-policyevaluation.Forinstance,somestudieshavebegunto

examinethepresenceofbehavioraladditionalitybyusingmediationanalysisforthe

identificationofinterveningmechanismsthroughwhichpublicinterventioncanaffectthe

wayfirmslearnorformcompetences(Autioetal.,2008;Knockaertetal.,2014).Other

studiesusemediationanalysistoassesswhetherinternaland/orexternalR&Dactivitiesare

validchannelslinkingpublicsupportforR&Dandinnovationoutcomes(KangandPark,2012;

LeeandWong,2009).

Intheestimationofthemodelsusedforouranalysis,thepotentialendogeneityof

publicsupportwastakenintoaccount.Priorstudiesontechnology-policyevaluationhave

identifiedtwosourcesofendogeneitythatarerelevantforourstudy(AlmusandCzarnitzki,

2003;Busom,2000;CzarnitzkiandLopes-Bento,2012;Gelabertetal.,2009).Thefirstsource

arisesfromself-selectionoffirmsintheparticipationstage.Thisduetothepresenceof

observableandunobservablefactorsthatexplainnotonlyfirms’incentivestoparticipatein

policyprogramsforpromotingR&D,butalsotheirknowledge-sourcingbehaviorand

innovativeperformance3.Consequently,thisfactmightgeneratebiasesduetothepresence

ofomittedvariablesthatmayaffectnotonlyparticipationinR&Dfundingprograms,butalso

knowledgesourcingbehaviorofcompaniesandtheirinnovationoutcomes.Thesecond

sourceofendogeneityarisesfromtheselectioncriteriaadoptedbytheagenciesthatassign

R&Dgrants.Theseagenciescanprovidesupporttothemoreinnovativefirmsortothose

withpreviousexperienceinknowledgesourcing(calledthepicking-the-winnereffect)asa

waytoshowtheeffectivenessoftheirpublicR&Dfundingprograms.Thisissuemightresult

inareversecausaleffectgoingfrominnovativeperformancesandknowledge-sourcing

behaviortotheamountofpublicR&Dsubsidiesreceivedbysupportedcompanies.

3Forinstance,priorstudiesontechnologyandinnovationshowthatlargercompaniesandthosewith
experienceinR&Daremorelikelytoundertakeknowledgesourcingactivitiesandtofacebetter
innovativeperformance(Almeidaetal.,2003;CassimanandVeugelers,2006).Atthesametime,other
studiesshowevidencethatcompanieswiththeseattributeshavealsoahigherpropensityto
participateinR&Dsubsidyprograms(BlanesandBusom,2004).
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Weattempttoaccountforthepresenceofselectionbiasesandreversecausalityin

severalways.Inlinewitheconometricmethodsestablishedintheliteratureontechnology-

evaluationpolicy(CzarnitzkiandLopes-Bento,2012;Gelabertetal.,2009;Hussinger,2008),

wetookadvantagesofthepaneldesignofourdatausingfixedeffectsspecificationsto

controlforthepresenceofunobservedsourcesofheterogeneity.AssuggestedbyGelabert

etal.(2009),thisstrategyattenuatesbiasesresultingfromself-selectionoccurringinthe

participationstageandfromthepresenceofthepicking-the-winnereffects4.Wealsoused

instrumentalvariables(IV)estimatorstoaddressremainingsourcesofendogeneityofpublic

support.Comparedtocross-sectionmatchingmethods,ourapproachisnotlimitedto

controlexclusivelyforselectiononobservablevariables.Hence,theuseofpaneldata

methodsandIVestimatorsdoesnotimposethestrongassumptionthatthereisno

unobservedfactordrivingprogramparticipation(CzarnitzkiandLopes-Bento,2012;

Hussinger,2008).

3.4.1 Modelstoexplainknowledgesourcingdimensions

WeusedTobitregressionmodel5andprobitregressionanalysistoexaminethepolicy

-inducedeffectsoninternalandexternalknowledgesourcing,respectively.Inbothcases,we

followedPapkeandWooldridge(2008)andWooldridge(2002)totreatthepresenceof

endogeneityinthecontextofthesemodels.Specifically,toaccountforthepresenceoftime-

invariantunobservedheterogeneity,weimplementedthemethoddevelopedbyChamberlain

(1984).Inordertoallowtime-constantomittedfactorstobecorrelatedwiththecovariate

underconsideration(thecontrolspreviouslydescribed),thetimeaverageofthesecovariates

wasincludedintheestimations.Then,totreatthepresenceofpotentialcorrelationbetween

time-varyingomittedfactorsandourindependentvariable(publicfundingforR&D),weused

aninstrumentalvariableestimationapproach.Thevariableforeigncapital,measuredasthe

4Thisisthecasebecausefirmfixedeffectsaccountforunobservedfactorsthatinducefirms’
knowledgesourcingbehaviorandinnovationperformance.Sincemanyofthesefactorsalsorelateto
thefirms’propensitytoparticipateinpublicR&Dfundingprograms,thentheinclusionoffixedeffects
mitigatesselectionbiases.
5ATobitspecificationisadequateinourcontextbecauseofthehighconcentrationofobservationsat
thezerovalueofthevariableR&Deffort.
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percentageofforeignparticipationinthesharecapitalofafirm,wastakenasanexclusion

restriction.WepositthatthisfactorshoulddrivetheamountofpublicR&Dfundsafirm

receives,butnotitsknowledge-sourcingbehavior.AssuggestedbyGonzálezetal.(2005),

publicagenciesprefertosupportdomesticfirmsratherthanaffiliatesofforeign-owned

companies.Thus,weanticipateanegativerelationshipbetweentheamountofR&Dfunding

andthepresenceofforeignownership.Moreover,becauseR&Dadoptionchoicesinthecase

ofsubsidiariesofforeigncompaniesareprobablytakenattheleveloftheircorporate

headquarters,itwasanticipatedthatthevariableforeigncapitalwouldnotsignificantly

affecttheknowledge-sourcingstrategiesofthesetypesofcompanies.

Finally,weimplementedatwo-stepestimatorasfollows.Inthefirst-stage,we

estimatedapooledOrdinaryLeastSquares(OLS)regressionmodelinwhichthepublic

fundingforR&Disregressedonthepreviouslydescribedcontrolvariables,thevariable

foreigncapitalandthefirm-levelaverageofallthecovariates(includingthetimeaverageof

theexclusionrestriction).Inthesecond-stage,weestimatedapooled-Tobitmodelfor

explainingR&Deffortoffirmsandpooledprobitmodelsforexplainingtheadoptionof

opennessininnovationstrategies.Theseknowledge-sourcingdimensionsaredeterminedby

theendogenousvariable(publicfundingforR&D),thecontrolvariables,thefirm-levelaverage

ofallthecovariates,andtheresidualscorrespondingtothefirst-stageestimation.According

tothemethoddevelopedbyRiversandVuong(1988),theestimatedcoefficientofthe

residualsprovidesavalidtestforthepresenceofendogeneityinpublicfundstosupportR&D.

3.4.2 Modelstoexplainfirms’innovativeperformance

Giventhenatureofourdependentvariables,weusedcountdataanalysistoexamine

theinnovationconsequencesattributabletopublicR&Dsubsidies.Specifically,we

implementedacount-paneldatamodelwithfixedeffectsandendogenouscovariates.This

modelwasestimatedusingaGeneralizedMethodofMoments(GMM)estimatorwith

Wooldridgemomentconditions(formoredetails,seeWindmeijer,2000;Wooldridge,1997).

Theimplementedspecificationisadvantageousforseveralreasons.First,comparedtothe
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standardfixed-effectsestimatorincount-paneldatadevelopedbyHausmanetal.(1984),the

estimatorusedhereprovidesconsistentestimates,eveninthepresenceofnon-strict

exogenouscovariates(Wooldridge,1997).Second,thetreatmentofendogeneityisnot

limitedtothepublicsupportindicator,butcanalsobeextendedtoothercovariatesofthe

model.Byviewingtheknowledge-sourcingdimensionsaspredeterminedvariables,the

modelallowsconsistentestimatesoftheeffectsthatsuchdimensionsmayhaveonthefirm

innovativeperformancetobeestimated.

4.Results

Table2liststhedescriptivestatisticsandbivariatecorrelationsforthevariables

underquestion.Reportedresultsrevealnocorrelationbetweenourmeasuresoffirm

innovativeperformance,whichisconsistentwiththeideathatpatentandnewproduct

introductioncountsmeasuredifferentdimensionsoftheinnovationprocess6.Giventhe

existenceofmoderatelyhighcorrelationsforthecaseofsomepairsofvariables,thethreat

ofthisissuewasassessedbyestimatingthevarianceinflationfactor(VIF).Furthermore,as

aformtomitigatepotentialmulticollinearity,themeasureofindustrialtechnological

opportunitywascenteredonitsmeanbeforecreatingitssquaredterm.Afterdoingso,

averageVIFsforallthecovariateswerefoundtobe2.00,withamaximumvalueof4.90in

thecaseofthemodelsexplainingthefirminnovativeperformance,and1.89,witha

maximumvalueof4.71,inthecaseofthemodelsexplainingtheknowledge-sourcing

dimensions.Inallthecases,theVIFswerebelowoftheconservativeceilingof5.

[InsertTable2here]

4.1Resultsfromexploringthepresenceofadditionalities

Beforeassessingtheinnovationconsequencesassociatedwithintermediateeffects

describedabove,weexaminedthepresenceofadditionalitiesbyusingamatchingapproach.

Ouraimistodeterminetheaveragetreatmenteffectonthetreatedcompanies(ATT).This

requiresdeterminingthecounterfactualsituationfortheknowledgesourcingandinnovation

outcomesthatwouldhavebeenrealizedifthetreatmentgroup(supportedcompanies)had

6Wethankoneofourreviewersforhighlightingthisissue.
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notbeentreatedbyreceivingR&Dsubsidies.Todoso,weimplementthepropensityscore

matchingapproachproposedbyRosenbaumandRubin(1983).Oncethepropensityscore

hasbeenestimated,wepairedeachsupportedcompanywithasingleclosestnon-supported

company,usingthenearestneighbormatchingalgorithm.Thepairswerechosenbasedon

thesimilarityintheestimatedprobabilitiesofbeingsubsidized.Thismeansthatthe

propensityscorecomesfromaprobitestimationonthedummyindicatingwhetherthefirm

receivedpublicsupportornot.Forreasonofspace,wereportonlytheresultsconcerningthe

averageimpactoftheNationalR&Dsubsidyprogram7,whichiscalculatedusingtheATT.

Table3presentsthecomparisonoftheaveragesforinternalandexternalknowledge

sourcingindicatorsandforinnovationoutcomescorrespondingtosupportedcompanies

(treatmentgroup)andnon-supportedcompanies(controlgroup).

[InsertTable3here]

Theresultssuggestthepresenceofadditionalityassociatedwiththepublic

intervention.Intermsofinputandbehavioraladditionality,itisobservedthatsupported

companieshaveahigherR&Deffortandpropensitytouseexternalknowledgesourcing

strategiesthannon-supportedcompanies.Intermsofinnovationeffects,theresultsshow

thepresenceofoutputadditionalityintermsofthepatentactivityoffirms,butnotinterms

ofnewproductintroductioncounts.Thesefindingsraisetwoappealingpolicyquestion.First,

isitpossiblethatpartofthedirecteffectofR&Dsubsidiesonthefirms’patentpropensity

channelsviachangesintheirknowledgesourcingactivities?Second,despitethelackof

outputadditionality,isitpossiblethatR&Dsubsidiesaffectthefirms’newproduct

introductionsonlyindirectlythroughchangesintheirknowledgesourcingactivities?Innext

section,wepresenttheresultsofthemediationanalysisdescribeabovetoassessthese

policyissuesinmoredetails.

4.2Resultsfromthecausal-stepmethod

First,weproceedtoexaminewhetherpublicinterventionviaR&Dsubsidieshasan

7Probitresultsandtestofdifferencebetweenmeansaftermatchingforthesetofcovariatesusedin
theseestimationsareavailableuponrequestfromtheauthors.
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indirecteffectonfirminnovation,runningthroughtheknowledgesourcingdimensions

previouslydescribed.Accordingtothecausal-stepmethod,anindirecteffectcanbeclaimed

inourstudyif(i)R&Dsubsidieshaveapositiveandstatisticallysignificanteffectonthe

internalandexternalknowledgesourcingoffirms,and(ii)knowledgesourcingactivities

underconsiderationhaveapositiveandstatisticallysignificantimpactonfirms’innovative

performances.ResultsreportedbyTable4and5areusedheretoverifytheseconditions.

TheresultsreportedbyTable4presentstheestimationsfortheTobitandprobit

modelsdefiningthedeterminantsofthefirms’internalandexternalknowledgesourcing.

Estimatesincolumn1confirmthatR&DsubsidiesinSpainpositivelydeterminetheR&D

effortchosenbyfirms.ThisfindingisinlinewiththeideathatpublicR&Dgrantslead

supportedfirmstoincreasetheirinvestmentsinsourcingknowledgethroughR&Dactivities.

Columns2a-2dreportresultsforthecaseinwhichthedeterminantsofeachexternal

knowledge-sourcingstrategyareconsidered.Excludingknowledgesourcingfrom

consultants’expertise,theresultsgivesupporttothepremisethatR&Dsubsidieshavea

significanteffectonincreasingfirms’propensitytosourceexternalknowledgeusing

alternativeoptions.Inlinewithpreviousstudiesbasedoninputandbehavioraladditionality

conceptualizations,alltheseresultsconfirmthatpublicR&Dsubsidiesgenerateintermediate

effects,accordingtowhichfirms’R&Deffortandlevelsofopennessininnovationare

increasedduetothereceptionofpublicR&Dsubsidies.Noticethattheseresultsare

consistentthosepresentedbyTable3,inwhichamatchingestimatorwasusedtoassess

thepresenceofadditionalities.

[InsertTable4here]

Furthermore,theresultsofthefirststageincolumn3showthattheestimated

parameterofforeigncapitalhasanegativeandstatisticallysignificantimpactontheamount

ofpublicfundingforR&D.Thispartialcorrelationgivessomesupporttothevalidityofthis

instrument.Moreover,theresultsincolumns1-2indicatethatreduced-formresiduals

derivedfromthefirst-stageestimate(column3)haveastatisticallysignificanteffectonall
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themediatingindicators,thusjustifyingtheuseofinstrumentalvariables.

Thefollowingstepconsistsofassessingwhethertheinduced-effectsreportedby

Table4cantranslateintoenhancedinnovativeperformances.Table5presentstheresults

forthecount-paneldatamodelsdefiningthedeterminantsofthefirms’innovative

performance,asmeasuredbypatentandnewproductintroductioncounts,respectively.The

estimatesinTable5wereobtainedusingExpEnd,agaussroutineforthenon-linearGMM

estimationofexponentialmodelswithendogenouscovariates(Windmeijer,2002).With

respecttomodelsdeterminingpatentcounts,theresultscorrespondtothelinearfeedback

specificationasdevelopedbyBlundelletal.(2002).Thisspecificationaccountsforthe

presenceofstatisticallysignificantfirst-orderautocorrelationdetectedinunreported

estimates8.Whenusingthisspecification,afirst-ordercorrelationisexpectedtopersist,but

notasecond-ordercorrelation.Theresultsincolumns4aand4bconfirmtheserequirements,

indicatingthemodelsarewell-specified(Windmeijer,2002).Withrespecttomodels

determiningnewintroductioncounts,neitherfirst-norsecond-orderautocorrelationis

detected,suggestingthesemodelsarewellspecified9.

[InsertTable5here]

Theresultsincolumns4aand5aprovideevidencesupportingthepresenceofa

directeffectofpublicR&Dsubsidiesonfirminnovation,whichisconsistentwiththe

presenceofoutputadditionalityintermsofbothpatentandnewproductintroductioncounts.

Toassessforthepresenceofindirecteffects,weverifiedwhetherknowledgesourcing

activitiesshapefirminnovation.Estimatesincolumns4band5bshowthattheR&Deffortof

firmshasapositivesignificanteffectonbothmeasuresoffirminnovativeperformance.

TheseresultsgivestrongsupporttotheideathatintramuralR&Disamechanismbywhich

firmsobtainknowledgerequiredforgeneratinginnovations.Theimplicationofthisresultis

8Resultsforthemodelsofpatentcountswithoutthelagofthedependentvariableareavailableupon
requestfromtheauthors.
9Consistentwiththisfact,furtherexperimentationwithotherspecificationsshowsthatthelaginnew
productintroductioncountsfailstobestatisticallysignificant.Thus,noinnovationpersistenteffects
aredetectedinthiscase.
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that,byleadingsupportedfirmstoincreasetheirR&Deffort,publicinterventioninSpainalso

contributestoenhancingtheirinnovationoutcomes.Thus,evidenceexistsindicatingthat

R&Dsubsidiesaffectfirminnovationindirectly,viaincrementsintheR&Deffortof

companies.

Withregardtotheeffectsofexternalknowledge-sourcingstrategies,theresultsshow

thattheuseofconsultants’expertiseandtheacquisitionofknowledgeviahiringR&D

employeespositivelyaffectbothdimensionsoffirms’innovativeperformance.Wealsonote

thattechnologycooperationisparticularlyrelevantforinducingproductinnovation,while

knowledgeacquisitionsintechnologymarketsforinducingtechnologicalinnovation.

Previousresultsareinlinewiththeideathatknowledgecomingfromexternalsourceshelps

companiestoenhancetheirinnovations.Nonetheless,ourfindingsalsouncoverthat

technologycooperationreducesthefirm’spatentpropensitywhereasknowledge

acquisitionsthroughtechnologymarketsnegativelyaffectthefirm’sproductinnovation

introductions.Giventherelevanceofthesenegativeeffects,theirimplicationsareanalyzed

inmoredetailedbelowinthediscussionandconclusionsection.Fromtheseresults,itcan

beclaimedthatknowledgeacquisitionsviathehiringofR&Dpersonnelarevalidchannelsto

realizethebenefitsofR&Dsubsidiesonfirminnovation.Technologycooperationtranslates

thepositiveeffectsofR&Dsubsidiesonlyforthecaseofnewproductintroductions,while

thepositivemediatingroleofmarket-baseddealsonlyappliesforthecaseofpatentcounts.

Consultants’expertisefailstochanneltheimpactofR&Dsubsidiestowardsenhanced

innovationoutcomesgiventheresultsofTable4,whichshowthatR&Dsubsidiesdonotlead

companiestosourceknowledgethroughthisstrategy. Finally,wealsoverifyifthedirect

effectsattributabletothepresenceofoutputadditionalityreportedincolumns4aand5a

holdoncetheinfluenceofknowledgesourcingdimensionsiscontrolled.Withrespectto

patents,theresultsofcolumn4bshowthatthedirecteffectofR&Dsubsidieskeepspositive

andstatisticallysignificant,revealingthatthepresenceofoutputadditionalityremainseven

afteraccountingfortheinterveningroleofknowledgesourcing.Thisfindingimpliesthat
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publicR&Dsubsidiesaffectafirm’spatentactivityviaadirecteffectandviaindirecteffects,

whicharechanneledthroughthreeconduits:(i)anincreasedR&Deffort,(ii)anenhanced

propensitytohiringR&Dpersonnel,and(iii)augmentedpossibilitiestousetechnology

markets.Withrespecttonewproductintroductions,theresultsofcolumn5buncoverthat

thedirecteffectofpublicR&Dsubsidiesvanishesoncetheinfluenceofknowledgesourcing

isaccounted.ThisresultisconsistentwiththeideathattheeffectR&Dsubsidiesonfirms’

propensitytomakenewproductintroductionsactuallyisincludedintheindirecteffectgoing

throughtheirknowledgesourcingactivities.AnimplicationofthisfindingisthatR&D

subsidiesaffectthenewproductintroductionsofsupportedfirmsonlyindirectlythrough

threechannels:(i)anenhancedR&Deffort,(ii)anincreasedpropensitytoformtechnology

cooperation,and(iii)augmentedprospectsforhiringR&Dpersonnel.

IntheestimationofmodelsinTable5,laggedvaluesofthecovariatesmeasuredat

firmlevelwereusedasvalidinstruments(seethenotefollowingTable5formoredetails).

TheresultsalsoincludetheSargantestforover-identifyingrestrictions,whichconfirmsthe

validityoftheinstrumentsusedintheestimationsforallcases.

4.3Resultsfromtheproductcoefficientmethod

Tofurtherprobetheinterveningroleoffirms’knowledge-sourcingactivities,the

productcoefficientapproachwasadoptedtoestimatethedirectandindirecteffectsofR&D

subsidies(PreacherandHayes,2004).Accordingtothismethod,theindirecteffectofXonY

mediatedbyM1andM2iscalculatedby ,where istheestimatedeffectofXonMi∑iαiβi
αi

while standsfortheestimatedeffectofMionY.Estimatesfor and wereobtainedfromβi αi βi

pooled-probitandpooledregressionanalysis,dependingonthenatureofthedependent

variable.EstimationswereconductedbyusingtheStataroutineforBinaryMediation

Analysis.Fromtheseestimations,wecomputedpointestimatesfortheindirectanddirect

effects,alongwiththecorrespondingstandarderrorsandteststatistics.Then,wegenerated

bootstrapstandarderrorsand95%confidenceintervalsforthepopulationofindirectand
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directeffects10.Agiveneffectisviewedasstatisticallysignificantifthecorresponding

confidenceintervaldoesnotcontainazero.Whenazeroisincluded,aninsignificanceeffect

isclaimed.

Table6reportstheindirectanddirecteffectsestimatedforthecaseofeachmeasure

ofinnovativeperformance.Intermsofpatents,theresultsconfirmthatthedirecteffectof

R&Dsubsidiesispositiveandstatisticallysignificant,whichisconsistentwiththepresence

ofoutputadditionality.Inaddition,thereisevidenceindicatingthepresenceoftheindirect

effectofR&Dsubsidiesrunningthroughthefirms’R&Deffortandfromknowledge

acquisitionsoccurringviatechnologymarkets,thehiringofR&Dpersonnelandconsultants’

expertise.Theindirecteffectgoingthroughthefirms’R&Deffortisremarkablystrong,

comparedtothosegoingthroughtheexternalknowledgesourcingactivities.Theresults

alsoconfirmR&Dsubsidieshaveanegativeindirecteffectrunningthroughtechnology

cooperation.Forthiscase,thedirecteffectseemssubstantialbeingapproximately78%of

thetotaleffectattributabletopublicR&Dsubsidies.Incontrast,theindirecteffectsrunning

byinternalandexternalknowledgesourcingstrategiesrepresentnearly22%ofthetotal

effectproducedbythepublicintervention.

Intermsofnewproductintroductions,theresultsconfirmtheabsenceofadirect

effect,giventhatthe95%confidenceintervalforthedirecteffectincludesazero.This

revealsthatR&Dsubsidiesonlyaffectfirms’propensitytomakenewproductintroductions

exclusivelythroughinducingincrementsintheknowledgesourcingactivitiesofsupported

companies.Theresultsindicatethattheindirecteffectstransmittedviathefirms’R&Deffort

andtheuseoftechnologycooperationdealspredominatetoenhancenewproduct

introductions.Comparedtotheresultsreportedfromthecasualstepmethod,some

differencesexistregardingthemediatingroleoftheexternalknowledgesourcingstrategies.

Accordingtotheproductcoefficientapproach,theindirecteffectsrunningviatechnology

marketsispositiveandstatisticallysignificant,whilethatrunningthroughlabormarketsfails

10Forinstance,comparedtotheSobeltest,thisstrategyisadvantageousbecauseitdoesnotimpose
anyassumptiononthedistributionoftheindirecteffects(PreacherandHayes,2008).
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tobestatisticallysignificant,asindicatedbytheinclusionofazerointhe95%confidence

interval.

[InsertTable6here]

5.Discussionandconclusions

ThisstudyassessestheimpactofpublicinterventionthroughR&Dsubsidiesonfirm

innovation.Intheevaluationofthispolicyscheme,thefocushasbeenonassessingwhether

theinducedchangesintheknowledgesourcingofsupportedcompaniescontributeto

enhancingtheirinnovationoutcomes.Inparticular,theknowledgesourcingoffirmhasbeen

definedby(i)theR&Deffortitchooses,and(ii)thedegreeofopennessitappliesforits

innovations.ByusingpaneldataforSpanishmanufacturingcompaniesduringtheperiod

1998-2005,thestudyisamongthefirstindeterminingiftheimpactofR&Dsubsidieson

increasingcompanies’R&Deffortandlevelsofopennessininnovationfurthertranslatesinto

enhancedinnovationoutcomes,measuredaspatentapplicationsandnewproductcounts.

Theresultsofthestudystronglysupportthepremisethattheintermediateeffectsof

publicR&Dsubsidiesontheknowledgesourcingoffirmsalsocontributetoenhancingtheir

innovationoutcomes.Intermsofpatentcounts,thestudyshowsthatpublicsupportviaR&D

subsidieshasadirecteffect,whichisinlinewithpreviousstudiesonoutputadditionality

(Cappelenetal.,2012;CzarnitzkiandLicht,2006).Amoresubtleindirecteffectisfound,

whichrunslargelythroughanenhancementoftheR&Deffortoftherecipientcompanies.A

smallerindirecteffectalsoexists,goingfromthepublicinterventiontopatentcountsviathe

useoftechnologyandlabormarkets.Weakerevidencealsoindicatesthattheuseof

consultants’expertisemediatesthelinkbetweenpublicR&Dsubsidesandfirms’patent

activity.TheseresultsshowthatapartofthetotalimpactofR&Dsubsidiesonboostingthe

patentactivitiesofsupportedfirmscorrespondstoindirecteffectsrunningthrough

incrementsintheirinternalandexternalknowledgesourcingactivities.Intermsofnew

productintroductioncounts,thestudyshowstheabsenceofoutputadditionality,oncethe

effectoftheknowledgesourcingdimensionsunderconsiderationarecontrolled.Thisfinding
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hasimportantimplicationsfortheevaluationofR&Dsubsidies.ItindicatesthatpublicR&D

subsidiesaffectfirms’capacitytomakenewproductintroductionsonlyindirectlyby

inducingincrementsintheirinternalandexternalknowledgesourcingactivities.More

specifically,publicinterventionviaR&Dsubsidiesbringsnewproductintroductionsby

increasingfirms’R&Deffortanduseoftechnologycooperation.Weakerevidencealsois

reportedthatpolicy-inducedincrementsintheuseofconsultants’expertisecontributeto

enhancingthenewproductcountsofsupportedfirms.Resultswithrespecttothepresence

ofintermediateeffectsrunningthroughtechnologyandlabormarketsarenotconclusivein

thiscase.

Oneimportantcontributionofourstudyistoshowthattheclassicaleffectsofpublic

interventiononinputandbehavioradditionalityalsohaveanimpactonfirms’innovative

performances.OurresultsareinlinewiththosereportedbyCzarnitzkiandLicht(2006)and

Hussinger(2008)thatpublicinterventionhasadirecteffectonfirms’innovationsandan

indirecteffectthattransmitsthroughpolicy-inducedincreasesinthefirms’R&D.However,

ourresearchextendsthesecontributionsbyevaluatingnotonlytheindirecteffectsrunning

viatheR&Deffortoffirms,butalsothosebeingtransmittedbyexternalknowledgesourcing

strategies,suchastechnologycooperation,technologymarketsandthehiringofR&D

personnel.OurfindingalsocomplementthosereportedbyKangandPark(2012)thatR&D

resourcesandinter-firmalliancesmediatethelinkbetweengovernmentR&Dsupportand

firmsinnovation.Ourstudyadvancesthiscontributionbyevaluatingtheimpactofpublic

supportforR&Donalternativedimensionsoffirminnovation(i.e.,patentandnewproduct

counts).Asindicatedbyourresults,theintensityofthedirectandindirecteffectsmay

dependontheinnovationoutcomebeinganalyzed.Whilepatentsareanintermediateoutput

withintheinnovationprocess,itisexpectedthatthedirecteffectsofR&Dresourcesand

collaborationlinksonthepatentingactivityoffirmsarestronger,comparedtothose

affectingmoremarketableindicatorslikenewproductintroductions.Finally,ourresults

confirmtheresultsofLeeandWong(2009)thatR&Dcollaborationisalinkingmechanism
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translatingtheeffectofgovernmentsupportforR&Dintoanenhancedpropensityoffirmsto

makenewproductinnovations.Nonetheless,ourresearchoffersamoreintegrative

evaluationperspective,inwhichtheindirecteffecttransmittedviapolicy-inducedincrements

infirms’intramuralR&Dactivitiesisalsoconsidered.

Anotherimportantcontributionofourresearchisthatitchallengestheimplicit

assumptiononstudiesoftechnology-policyevaluationthattheintermediateeffects

attributabletoinputandbehavioraladditionalityareforthebetter.Forinstance,ourstudy

uncoversnegativeindirecteffectsofR&Dsubsidiesonthepatentactivityandnewproduct

introductionsofsupportedcompanies,whichareattributabletoincrementsintechnology

cooperationandknowledgeacquisitionsintechnologymarkets,respectively.Inthecaseof

technologycooperation,thefearofpartnerstoleakstrategicinformationtoothersduringthe

inventionprocessmightleadthemtorestricttheirinteractions(Aroraetal.,2004;Laursen

andSalter,2006).Thisfactwouldimpedeknowledgesharingwithintechnologycooperation,

thusaffectingtheproductionofknowledgeintermsofpatents.Inthecaseknowledge

sourcedfromtechnologymarkets,itseemsthatitcontributesmoretosolvingtechnicaland

engineeringproblemswithinthetechnologyandproductdevelopmentprocessthanto

improvingtheintroductionofnewproducts.Altogether,thesefindingshighlightthe

importanceofmakingtechnologypolicyevaluationnotonlybyconsideringtheinputand

behavioraladditionalityderivedfrompublicinterventions,butalsobyincludingtheinnovation

consequencesassociatedwiththeseintermediateeffects.

5.1Implications

Thefindingsofthisstudyhaverelevanceforbothinnovationpolicyandinnovation

management.Asregardsinnovationpolicy,thisstudyshowsthattheeffectivenessofpublic

interventioninenhancingfirminnovationdependscriticallyontheinducedeffectofthe

interventionontheknowledgesourcingofrecipientfirms.Thus,programsthatimprovethe

acquisitionofexternalproblem-solvingcapabilities(withinandoutsidefirms’organizational

boundaries)mayresultinfurtherinnovations.Forinstance,policiesthatimprovethe
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efficiencyofthemarketsfortechnology(e.g.,developingintellectualpropertyrightsystems),

promotecooperation(e.g.,foundingofR&Dconsortia)orenablemobilityofknowledge

workersamongprivateandpublicinstitutionsmayhelpfirmsenhancethedegreeof

opennessoftheirinnovation.Indoingso,thesepoliciesalsocontributetoextendingthe

technologicalspacefromwhichfirmsdrawsolutionsfortheirinnovationproblems,thus

favoringthegenerationoftechnologyandproductinnovations.Similarly,policespermitting

firmstodeveloptheirhumanresources(e.g.,technicaltrainingprograms)mayfacilitatethe

undertakingofknowledgesourcingthroughin-houseR&Dandthengraspthepotential

benefitsofpublicintervention.Thesesuggestionsinforminnovationpolicymakersby

indicatingthatimportantcomplementaritiesmayexistbetweenalternativepolicy

instruments.Forinstance,thecontributionofR&Dsubsidiestopromotingfirminnovation

mayincreaseifpoliciespromotingtheuseofopeninnovationmodelsinfirmsarealso

applied.Animplicationofthisfactisthatinnovationpolicycombiningseveralschemesmay

correctnotonlymarketfailures(underinvestmentinR&D),butalsosystemfailures(lackof

connectivityacrossorganizations).Inaddition,ourresultsindicatethattheobjectivesof

publicinterventionalsogainrelevance.Whenthefinalgoalistoenhancefirms’inventiveness,

programsthatstimulatetechnologycooperationcouldbecounterproductive.Public

interventionaimedatimprovingtheappropriabilityregimefacedbysupportedfirmsmight

reducethefearofleakagesofstrategyinformationduringR&Dcollaborations,thusfavoring

thepresenceofpositiveinnovationeffectsintermsofpatentcounts.

Asregardsinnovationmanagement,thisstudyshowsthatknowledgesourcing

allowssupportedcompaniestoharnesstheresourcesreceivedfromR&Dfundingprograms.

Animplicationofthisfactisthatsupportedfirms’strategiesthatimproveknowledge-

sourcingwillalsocontributetograspingthepotentialbenefitsofpublicintervention.This

ideaisinlinewiththeworkofWongandHe(2003),whoshowthatpublicR&Dsupportis

moreeffectivewhenfirmscreateaninternalcultureforinnovation.Likewise,strategies

stimulatingtheuseofopeninnovationmodels,namely,theuseofinformationtechnologies,
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cross-functionalteams,andincentivesbasedonopen-orientatedmetrics,mayfurtherlead

firmstoleveragetheirknowledge-sourcingactivities,thusfavoringtherealizationofthe

benefitsofpublicsupportforR&D.

5.2Limitationsandextensions

Theresultsofthisstudyaresubjecttosomelimitationsand,atthesametime,open

newdirectionsforfutureresearch.First,givendatarestrictions,thestudyinfersfirms’

knowledge-sourcingbehaviorbyusingtheobservableresultsassociatedwithsuchbehavior.

Thispreventsexaminationofspecificbehaviorsinknowledgesourcingthatareinducedby

publicintervention.IntermsoftheGökandEdler(2012)approachofbehavioradditionality,

ouroperationalizationofknowledgesourcingremainssimpleandonlyencompassesthe

scale,scopeandopennessdimensionsofsupportedfirms’R&Dbehavior.Thus,itis

recognizedthatmoreresearchisneededtoidentifyspecificbehaviorpatternsinknowledge

sourcingthatarisefrompublicintervention.Second,wehavesustainedthatthepresenceof

“experienceeffects”and“technologicalopportunities”associatedwithpubliclyfundedR&D

projectsaremechanismsthatdrivepublicinterventiontoshapetheknowledge-sourcing

behaviorofsupportedfirms,butwehavenotmeasuredthemdirectly.InlinewithClarysseet

al.(2009),futureresearchshouldattempttomeasuretheselatentvariablesthatfavor

behavioralchangesintheknowledge-sourcingactivitiesofsupportedcompanies.Third,

despitetheuseofpaneldatatechniques,thestudydoesnottreattheissueofthetimescale

neededtoobservetheeffectsofpublicintervention.Hence,long-termeffectsinducedby

R&Dgrantsarenotentirelyconsidered.Additionalresearchisrequiredtoidentifythetime

spanneededtoobservetheindirecteffectsofR&Dgrantsonfirminnovationthatinclude

knowledgesourcing.Fourth,althoughourmediatedmodelprovidesanintegrativeapproach

toassesstheimpactofintermediateeffectsofpublicinterventiononinnovationoutcomes,

ourmodelremainsincompletebecauseitdoesnotconsiderresultingeffectsonvariables

measuringcommercialsuccess,suchasrevenuesforout-licensing,salesgrowth,ormarket

value.Futureresearchisneededtocompletethelinkbetweenfirminnovativeperformance
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andotherdimensionsoffirmperformance.
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Table1.PercentageofFirmsbyTypeofIndustry,SizeandSupportStatus

Year
Low-intensivetechindustries High-intensivetechindustries

≤200Workers Withsubsidies ≤200Workers Withsubsidies

1998 48.6 19.5 85.7 20.8

1999 48.9 18.1 85.3 27.7

2000 48.6 21.3 87.4 21.3

2001 50.0 17.9 88.4 24.4

2002 49.9 15.3 90.2 25.0

2003 50.6 15.3 89.2 20.3

2004 50.8 9.2 89.4 24.6

2005 51.0 12.3 90.1 12.3

Firminnovative
performance

Publicfundsfor
R&D

Degreeof
investmentin
intramuralR&D

Opennessto
innovation

Knowledge-sourcing
behavior
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Table2.DescriptiveStatisticsandPairwiseCorrelations

Variables Mean SD Min Max 1 2 3 4 5 6 7 8 9 10 11 12
1 Patentapplications 0.42 4.68 0 158 1.00
2 Newproductintroductions 1.81 11.74 0 423 0.00 1.00
3 Technologycooperation 0.29 0.45 0 1 0.10 0.08 1.00
4 Labormarkets 0.26 0.44 0 1 0.10 0.06 0.49 1.00
5 Marketsfortechnology 0.25 0.43 0 1 0.12 0.08 0.59 0.39 1.00
6 Consultants’expertise 0.21 0.41 0 1 0.11 0.06 0.44 0.36 0.37 1.00
7 R&Deffort 0.45 1.63 0 50.91 0.22 0.09 0.34 0.25 0.27 0.16 1.00

8 PublicfundingforR&D 93.64
1,926.8

5
0 98,330 0.06 0.00 0.08 0.08 0.08 0.02 0.20 1.00

9 Technologicalassessment 0.32 0.47 0 1 0.09 0.07 0.50 0.42 0.36 0.60 0.23 0.07 1.00

10 Firmsize
202.4
4

555.39 2 12,939 0.10 0.03 0.29 0.30 0.30 0.20 0.15 0.35 0.22 1.00

11 Othertypeofsubsidies 16.07 170.17 0
5,155.7

2
0.01 0.01 0.14 0.14 0.15 0.09 0.17 0.23 0.12 0.43 1.00

12 Processinnovation 0.70 0.46 0 1 -0.06 -0.09 -0.33 -0.29 -0.26 -0.27 -0.13 -0.03 -0.32 -0.16 -0.09 1.00
13 Industryexportintensity 28.44 13.90 2.91 66.16 0.01 0.01 0.16 0.17 0.16 0.07 0.11 0.06 0.11 0.15 0.11 0.01
14 Marketstructure 0.56 0.50 0 1 0.00 0.02 0.19 0.17 0.20 0.12 0.06 0.03 0.16 0.14 0.06 0.00
15 Ind.techopportunities¥ 0.63 0.82 0.01 7.46 0.04 0.00 0.16 0.18 0.17 0.05 0.21 0.11 0.10 0.08 0.15 0.04

16
Ind.techopportunities

squared¥

1.06 4.05 0.00 55.71 0.02 0.00 0.10 0.13 0.11 0.03 0.13 0.09 0.07 0.08 0.15 0.02

17 Industryappropriability§ 3.05 1.34 0 6.13 0.07 0.00 0.14 0.12 0.12 0.04 0.14 0.00 0.06 0.03 0.02 0.07

18 Foreigncapital 16.95 36.27 0 100 0.00 0.04 0.28 0.29 0.32 0.11 0.08 0.06 0.18 0.28 0.07 0.00

Variables 13 14 15 16 17 18
13 Industryexportintensity 1.00
14 Marketstructure -0.10 1.00
15 Ind.techopportunities¥ -0.12 0.02 1.00

16
Ind.techopportunities

squared¥

-0.04 0.33 0.06 1.00

17 Industryappropriability§ -0.03 0.26 0.05 0.91 1.00

18 Foreigncapital -0.06 0.28 0.03 0.25 0.05 1.00

Notes:§logvalues;¥meancenteredvariables;*correlationsaresignificantatp<0.01.
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Table3.ImpactofNationalR&DSubsidiesonInternalandExternalKnowledgeSourcesandonInnovativeOutcomes

Variable Treated Controls Difference S.E. T-stat

R&Deffort 2.71 1.99 0.72 0.26 2.75***

Technologycooperation 0.97 0.87 0.10 0.03 2.94***

Labormarkets 0.87 0.78 0.10 0.04 2.27**

Marketsfortechnology 0.78 0.69 0.09 0.05 2.03**

Consultants’expertise 0.63 0.57 0.06 0.05 1.33

Numberofpatents 3.63 2.26 1.37 1.08 1.27

Newproductintroductions 4.01 3.02 0.99 1.09 0.91

Notes:(i)MatchingandaveragetreatmenteffectswereperformedfollowingLeuvenandSianesi(2003)psmatch2Statamodule.

(ii)Thefollowingvariableswereusedintheprobitmodelestimationthatservesabaseforthematching:Regionalsubsidies

(0,1dummy),Subsidiesforotherorganisms(0,1dummy),R&Dexpendituresint-1(inEuros),Nationalpublicsubsidiesint-1(0,1

dummy),Technologycooperationint-1(0,1dummy),Technologymarketsint-1(0,1dummy),Labormarketsint-1(0,1dummy),

Marketsfortechnologyint-1(0,1dummy),Consultants’expertiseint-1(0,1dummy),Firmsizeint-1(numberofemployeesin

logs),Processinnovationint-1(0,1dummy),Foreigncapitalint-1(ratio),Industryexportintensity(ratio),Low-techindustry(0,1

dummy),Medium-low-techindustry(0,1dummy),Medium-high-techindustry(0,1dummy),yeardummies.(iii)Aftercompleting

thematching,differencesintheaverageofthevariablesusedintheprobitmodelwerenotstatisticallysignificantat

conventionallevel.Thisisviewedasasignalindicatingthematchingwascompletedcorrectly.(iv)Significantat*p<0.1,**p<
0.05,***p<0.01.
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Table4.RegressionResultsforKnowledge-SourcingDimensions

Independentvariable

R&D
effort

Technology
cooperation

Labor
markets

Marketsfor
technology

Consultants’
expertise

Public
fundingfor

R&D
Tobit Probit OLS
(1) (2a) (2b) (2c) (2d) (3)

PublicfundsforR&D
0.028***
(0.010)

0.064*
(0.033)

0.067***
(0.019)

0.047*
(0.025)

0.012
(0.019)

–

Technologicalassessment
0.066*
(0.035)

0.162***
(0.054)

0.036
(0.055)

-0.044
(0.056)

0.177***
(0.053)

0.003
(0.041)

Firmsize
0.166*
(0.087)

0.114
(0.100)

-0.061
(0.125)

0.109
(0.093)

-0.050
(0.124)

-0.041
(0.044)

Othertypesofsubsidies
-0.007
(0.010)

-0.009
(0.027)

0.024
(0.021)

0.043
(0.027)

0.025
(0.019)

-0.000
(0.037)

Processinnovation
-0.014
(0.027)

-0.077*
(0.041)

-0.147***
(0.048)

-0.038
(0.047)

0.018
(0.047)

0.023
(0.033)

Marketstructure
-0.012
(0.042)

0.002
(0.062)

-0.057
(0.062)

0.002
(0.060)

-0.077
(0.065)

-0.019
(0.036)

Industryexportintensity
-0.002
(0.002)

0.002
(0.004)

-0.000
(0.004)

0.009**
(0.004)

-0.003
(0.005)

0.002
(0.002)

Industrialtechnologicalopportunities
0.094*
(0.049)

-0.065
(0.095)

-0.016
(0.089)

-0.079
(0.092)

-0.078
(0.097)

-0.009
(0.072)

Industrialtechnologicalopportunities
squared

-0.017*
(0.010)

0.017
(0.020)

0.008
(0.021)

0.005
(0.018)

0.000
(0.017)

0.000
(0.017)

Industryappropriability
0.023*
(0.013)

0.013
(0.021)

-0.016
(0.022)

-0.005
(0.022)

-0.038
(0.024)

0.001
(0.012)

Foreigncapital – – – – –
-0.050*
(0.030)

ΛTechnologicalassessment
0.634***
(0.091)

1.135***
(0.118)

0.729***
(0.106)

0.723***
(0.115)

1.745***
(0.115)

0.313***
(0.081)

ΛFirmsize
-0.001
(0.090)

0.230**
(0.104)

0.445***
(0.127)

0.226**
(0.098)

0.201
(0.127)

0.156***
(0.054)

ΛOthertypesofsubsidies
0.171***
(0.033)

0.585***
(0.105)

0.059
(0.050)

0.492***
(0.079)

-0.036
(0.042)

0.699***
(0.074)

ΛProcessinnovation
-0.474***
(0.088)

-0.799***
(0.128)

-0.269**
(0.123)

-0.343***
(0.126)

-0.576***
(0.126)

-0.155
(0.103)

ΛIndustryexportintensity 0.004 -0.003 0.005 -0.007 0.001 -0.006*



46

(0.003) (0.005) (0.005) (0.005) (0.005) (0.003)

ΛMarketstructure
0.107
(0.080)

0.009
(0.111)

0.112
(0.100)

0.163
(0.111)

0.053
(0.106)

-0.085
(0.065)

ΛIndustrialtechnologicalopportunities
0.658***
(0.097)

0.759***
(0.155)

0.333**
(0.137)

0.594***
(0.152)

-0.083
(0.152)

0.312**
(0.139)

ΛIndustrialtechnologicalopportunitiessquared
-0.154***
(0.023)

-0.183***
(0.039)

-0.055*
(0.033)

-0.112***
(0.037)

0.020
(0.034)

-0.039
(0.043)

ΛIndustryappropriability
-0.013
(0.032)

-0.031
(0.050)

0.040
(0.041)

-0.009
(0.049)

0.090*
(0.050)

0.028
(0.045)

ΛForeigncapital
-0.005
(0.015)

0.037*
(0.021)

0.048***
(0.018)

0.081***
(0.021)

-0.066***
(0.021)

0.031
(0.038)

Residuals
0.065***
(0.011)

0.304***
(0.049)

0.065***
(0.018)

0.088***
(0.028)

0.032*
(0.019)

–

Constant
-1.255***
(0.169)

-1.904***
(0.231)

-2.852***
(0.211)

-2.396***
(0.249)

-2.000***
(0.222)

-0.220
(0.163)

F-statistic 32.82*** – – – – 10.05***

Waldχ2 – 857.07*** 1040.77*** 657.10*** 912.15*** –
PseudoR-squared 0.3011 0.4263 0.3313 0.3709 0.3293 –
R-squared – – – – – 0.3233

Notes:(i)Allmodelsareestimatedwithfirmfixedeffectsbyinstrumentalvariablesasexplainedinthetext.(ii)ThetermsΛ(variable)

standforthefirm-levelmeanofthecorrespondingvariable.Thesetermsareincludedininthespecificationstoaccountforthe
presenceoffirmfixed-effects(iii)ThetermResidualsreferstotheerrorsofthefirst-stageestimationreportedbythemodelin
column3.(iv)Explanatoryandcontrolvariablesaremeasuredatt-1.(v)Timedummiesareincludedinallthemodels.(vi)
Standarderrors,inparentheses,areclusteredbyfirmsotheyarerobusttoheteroscedasticityandserialcorrelation,(vii)
Significantat:*p<0.1,**p<0.05,***p<0.01.
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Table5.RegressionResultsforFirms’InnovativePerformance

Independentvariable
Numberofpatents

Newproduct
introductions

(4a) (4b) (5a) (5b)

Laginthenumberofpatents
-0.186***
(0.022)

-0.212***
(0.006)

– –

Technologicalassessment
-0.161***
(0.033)

-0.463***
(0.012)

0.212***
(0.025)

0.213***
(0.013)

Firmsize
0.900***
(0.060)

0.780***
(0.030)

0.346***
(0.048)

0.400***
(0.032)

Othertypesofsubsidies
0.026*
(0.015)

0.272***
(0.008)

-0.007
(0.008)

-0.021***
(0.004)

Processinnovation
0.101***
(0.023)

0.374***
(0.011)

0.000
(0.030)

-0.259***
(0.015)

Marketstructure
1.321***
(0.106)

0.595***
(0.012)

-0.036
(0.048)

-0.220***
(0.016)

Industryexportintensity
-0.011***
(0.004)

-0.017***
(0.003)

-0.004
(0.004)

-0.017***
(0.002)

Industrialtechnologicalopportunities
-0.223***
(0.059)

-0.330***
(0.019)

0.091
(0.130)

-0.053
(0.037)

Industrialtechnologicalopportunities
squared

-0.038
(0.041)

-0.061***
(0.012)

-0.064**
(0.025)

-0.053***
(0.007)

Industryappropriability
0.282***
(0.038)

0.123***
(0.008)

0.125***
(0.016)

0.026***
(0.007)

PublicfundsforR&D
0.366***
(0.034)

-0.001
(0.008)

0.030**
(0.009)

0.007
(0.006)

R&Deffort –
0.981***
(0.022)

–
0.090***
(0.008)

Technologycooperation –
-0.508***
(0.028)

–
0.228***
(0.027)

Labormarkets –
0.276***
(0.024)

–
0.309***
(0.014)

Marketsfortechnology –
0.637***
(0.024)

–
-0.104***
(0.029)

Consultants’expertise –
1.251***
(0.050)

–
0.072***
(0.016)

Testforserialcorrelation
First-ordercorrelation -2.181** -2.731** 0.239 0.680
Second-ordercorrelation -1.191 -1.164 -1.540 -1.160

Over-identificationtest
Sargantest 86.637 132.4375 98.0432 214.7790
P-value 0.1315 0.3761 0.2637 0.3056

Notes:(i)Parametersaretwo-stepGMMestimatorsusingWooldridgemomentconditions.
Estimationsassumethatfirm-levelexplanatoryvariablesshouldbetakenaspredetermined.
Therefore,pastvaluesofthesevariablesareusedasvalidinstruments.(ii)Lagvaluesofthe
dependentvariablearealsousedasinstrumentsinthemodelsofcolumns5and6.Amaximum
ofsixlagsforeachpredeterminedvariablewasimplementedineachofthespecifications.(iii)
Timedummiesareconsideredinallmodels.Inthecaseofdynamicspecifications(columns4a
and4b),timedummiesareincludedasinstruments.(iv)ThemeasureofpublicfundsforR&D,
alongwithallthecontrolvariables,ismeasuredattimet-2.ThevariablesforR&Deffortand
opennessininnovationaremeasuredattimet-1.Robuststandarderrorsinparentheses.(v)
Significantat:*p<0.1,**p<0.05,***p<0.01.
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Table6.ResultsBootstrapTest(OpenInnovationStrategiesandR&DEffort)

Dependent
variable

Effects Bootstrap
standarderror

Confidenceinterval(95%)
Origen Size Lowerlimit Upperlimit

Patent
applications

R&Deffort 0.049 0.009 0.034 0.067
Cooperation -0.018 0.006 -0.300 -0.006
Labormarkets 0.005 0.002 0.001 0.010
Techmarkets 0.009 0.003 0.004 0.016
Consultants 0.004 0.002 0.002 0.007
Directeffect 0.177 0.034 0.121 0.248

Newproduct
introductions

R&Deffort 0.034 0.007 0.020 0.049
Cooperation 0.044 0.009 0.029 0.065
Labormarkets 0.001 0.003 -0.004 0.006
Techmarkets 0.008 0.004 0.001 0.016
Consultants 0.004 0.002 0.001 0.008
Directeffect 0.011 0.020 -0.026 0.052

Notes:Numberofbootstrapssamplesforbiascorrectedbootstrapconfidenceintervalsis
equalto1,000.


