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A A sectoralsectoral approachapproach

Focus on the Focus on the sectoralsectoral level.level.

The best approach to assess the usefulness The best approach to assess the usefulness 
of innovationof innovation--based endogenous growth based endogenous growth 
models (models (AghionAghion and and DurlaufDurlauf, 2009)., 2009).
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FirstFirst--generation endogenous generation endogenous 
growth modelsgrowth models

Constant Constant returnsreturns toto scalescale in in knowledgeknowledge--
creationcreation functionfunction..

TFP (and per capita output) growth TFP (and per capita output) growth 
depends on the depends on the population sizepopulation size..

It will suffice to increase the It will suffice to increase the population sizepopulation size
to raise the TFP growth rateto raise the TFP growth rate..
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EconomicEconomic realityreality

JonesJones’’s paradoxs paradox

U.S. productivity: acceleration at the start of U.S. productivity: acceleration at the start of 
the 2000s, in spite of the reduction in ICT the 2000s, in spite of the reduction in ICT 
investment.investment.

→→ SecondSecond--generationgeneration endogenousendogenous growthgrowth
theoriestheories

SemiSemi--endogenousendogenous growthgrowth theorytheory

FullyFully--endogenousendogenous growthgrowth theorytheory
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SemiSemi--endogenous growthendogenous growth theorytheory

Decreasing returns to scale in the Decreasing returns to scale in the 
knowledgeknowledge--creation function.creation function.

TFP (and per capita output) growth TFP (and per capita output) growth 
depends on depends on population growth ratepopulation growth rate. . 

It will be necessary to increase the It will be necessary to increase the 
population growth rate to raise the TFP population growth rate to raise the TFP 
growth rategrowth rate..
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FullyFully--endogenous growth theoryendogenous growth theory

Constant returns to scale in the knowledgeConstant returns to scale in the knowledge--creation creation 
function.function.
Product differentiation process associated with economic Product differentiation process associated with economic 
growth. growth. 

The effectiveness of the R&D input is dilutedThe effectiveness of the R&D input is diluted

TFP growth depends on TFP growth depends on research intensity growth rateresearch intensity growth rate, , 
measuring the research intensity as R&D input/product measuring the research intensity as R&D input/product 
proliferation.proliferation.

It will be necessary to increase the It will be necessary to increase the research intensity research intensity 
growth rategrowth rate to raise the TFP growth rateto raise the TFP growth rate
TFP growth can remain constant (if the increase of the TFP growth can remain constant (if the increase of the 
R&D input is smaller than the increase on the product R&D input is smaller than the increase on the product 
differentiation).differentiation).
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ConsequentlyConsequently

Product differentiation prevents the Product differentiation prevents the 
population size from having a scale population size from having a scale 
effect on longeffect on long--run growth (a run growth (a 
characteristic of the firstcharacteristic of the first--generation generation 
models).models).
TFP growth depends on economic TFP growth depends on economic 
factors and economic policy measures (a factors and economic policy measures (a 
crucial difference with respect to the crucial difference with respect to the 
semisemi--endogenous growth model).endogenous growth model).
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EmpiricalEmpirical applicationapplication

The SemiThe Semi--endogenous growth theory and endogenous growth theory and 
the fullythe fully--endogenous growth theory were endogenous growth theory were 
tested at industrialtested at industrial--level level in in thisthis paperpaper..
The sample:The sample:

Period 1979Period 1979--20012001

Ten industriesTen industries

Finland, France, Italy, USA, Canada and Finland, France, Italy, USA, Canada and 
Spain.Spain.
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VariablesVariables

The TFP index used (The TFP index used (AA) was the ) was the TornqvistTornqvist index. index. 

VV, , LL and and KK were taken from the STAN database. were taken from the STAN database. 

Two variables representing the R&D input:Two variables representing the R&D input:
Business R&D expenditures (Business R&D expenditures (RR), taken from the ), taken from the 
OECD ANBERD.OECD ANBERD.
((R/AR/A) (used in Schumpeterian models).) (used in Schumpeterian models).

Product proliferation: Product proliferation: A/LA/L or or VV..

Research intensity: Research intensity: R/ALR/AL or or R/VR/V..
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Previous unit root and Previous unit root and 
cointegrationcointegration teststests

Madsen (2008) proposed :Madsen (2008) proposed :

lnln XXtt = = μμ lnQlnQtt + k + k lnAlnAtt + e+ et.t.

where where k = (1k = (1-- ΦΦ)/)/σσ ((ΦΦ isis returnsreturns toto scalescale in in knowledgeknowledge
andand σσ isis a a duplicationduplication parameterparameter).).
The semiThe semi--endogenous growth theory implies thatendogenous growth theory implies that

K > 0 (decreasing returns to scale)K > 0 (decreasing returns to scale)

μμ = 0= 0 (without product proliferation)(without product proliferation)
The Schumpeterian growth theory presupposes The Schumpeterian growth theory presupposes k=0 k=0 
(constant returns to scale) and (constant returns to scale) and μμ = 1= 1..
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ResultsResults ofof teststests

AllAll variables variables hadhad a a unitunit rootroot
TheThe growthgrowth in in allall variables variables waswas stationarystationary
CointegrationCointegration tests:tests:

DeniedDenied thethe validityvalidity ofof thethe SemiSemi--endogenousendogenous
hypothesishypothesis
SupportedSupported anan extended extended semisemi--endogenousendogenous

growthgrowth modelmodel ((withwith productproduct proliferationproliferation))
SuggestedSuggested thethe validityvalidity ofof thethe SchumpeterianSchumpeterian

approachapproach ((althoughalthough productproduct differentiationdifferentiation
hadhad notnot thethe expectedexpected parameterparameter))
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FirstFirst explanatoryexplanatory modelmodel
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FirstFirst explanatoryexplanatory modelmodel

This expression nested the models and included:This expression nested the models and included:
International technological International technological spilloversspillovers ((XXff ))
Distance to technological frontier (Distance to technological frontier (DF DF ))

The semiThe semi--endogenous growth hypothesisendogenous growth hypothesis
ββ11>0, >0, ββ22>0>0
ββ33 = = ββ44 = = ββ5 5 = 0= 0

The Schumpeterian predictionThe Schumpeterian prediction
ββ1  1  = = ββ22==00
ββ33>>00, , ββ44>>0,0, ββ55>0>0
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FirstFirst explanatoryexplanatory modelmodel

XXff was was proxiedproxied as proposed by Coe and as proposed by Coe and HelpmanHelpman
(1995).(1995).

DFDF was defined in two alternative forms:was defined in two alternative forms:
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ResultsResults ofof thethe estimationestimation ofof thethe firstfirst
explanatoryexplanatory modelmodel

Estimates in fiveEstimates in five--year differences (240 year differences (240 
observations).observations).

Positive Positive andand significantsignificant effecteffect ofof domesticdomestic andand
foreignforeign R&DR&D expenditureexpenditure growthgrowth (as (as postulatedpostulated
by by thethe semisemi--endogenousendogenous theorytheory).).

NegativeNegative andand significantsignificant effecteffect ofof domesticdomestic andand
foreignforeign researchresearch intensityintensity. . 

Positive Positive andand significantsignificant effecteffect ofof distancedistance toto thethe
frontierfrontier. . 
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A A newnew researchresearch intensityintensity variablevariable

WasWas researchresearch intensityintensity properlyproperly
measuredmeasured??

WhatWhat may may happenhappen ifif a more a more 
adequateadequate variable variable toto measuremeasure
effectiveeffective technologicaltechnological researchresearch
waswas usedused??
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A A newnew researchresearch intensityintensity variablevariable

WhyWhy isis thethe newnew variable more variable more adequateadequate??

BecauseBecause
R&DR&D expenditureexpenditure has has toto be be sufficientsufficient toto::

CompensateCompensate depreciationdepreciation ofof capitalcapital

IncreaseIncrease in in thethe stock stock ofof knowledgeknowledge

CompensateCompensate productproduct proliferationproliferation
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EffectiveEffective research intensityresearch intensity waswas measuredmeasured usingusing

TechnologicalTechnological stocksstocks

HoursHours workedworked by by personspersons engagedengaged andand numbernumber
ofof personspersons engagedengaged ((toto proxyproxy productproduct
differentiationdifferentiation).).
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SecondSecond explanatoryexplanatory modelmodel
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ResultsResults ofof thethe estimationestimation ofof thethe
secondsecond explanatoryexplanatory modelmodel

Domestic and foreign R&D expenditure Domestic and foreign R&D expenditure 
growth growth lose lose theirtheir significancesignificance..

Positive Positive andand significantsignificant effecteffect ofof::

EffectiveEffective technologicaltechnological researchresearch

DistanceDistance toto thethe frontierfrontier



22

Third explanatory model Third explanatory model 
(effective research intensity & (effective research intensity & 

absorptive capacity)absorptive capacity)
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•• The absorptive capacity was measured The absorptive capacity was measured 
by the interaction between:by the interaction between:

Research intensityResearch intensity

Distance to the frontierDistance to the frontier
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Results of the estimation of the third Results of the estimation of the third 
explanatory modelexplanatory model

Domestic and foreign R&D expenditure Domestic and foreign R&D expenditure 
growth growth couldcould notnot be be consideredconsidered statisticallystatistically
significantsignificant

Domestic and foreign effective research Domestic and foreign effective research 
intensity, intensity, distancedistance toto thethe frontierfrontier andand
aabsorptivebsorptive capacity had positive and capacity had positive and 
significant coefficientssignificant coefficients
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ConclusionsConclusions

Unit Unit rootroot andand cointegrationcointegration teststests

EstimationEstimation ofof thethe modelsmodels

PolicyPolicy designdesign
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ConclusionsConclusions ofof thethe teststests

TheThe unitunit rootroot andand cointegrationcointegration tests tests 
suggestedsuggested thethe validityvalidity ofof a a hybridhybrid
theoreticaltheoretical frameworkframework: : 

SemiSemi--endogenousendogenous approachapproach + + productproduct
proliferationproliferation
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ConclusionsConclusions ofof thethe estimationsestimations ofof thethe
modelsmodels

In In semisemi--endogenousendogenous modelsmodels, , whenwhen researchresearch
intensityintensity waswas proxiedproxied as a ratio as a ratio betweenbetween
measuresmeasures ofof R&DR&D andand productproduct proliferationproliferation: : 

Domestic and foreign R&D Domestic and foreign R&D 
expenditure growth expenditure growth hadhad positive positive andand
significantsignificant coefficientscoefficients

ResearchResearch intensityintensity showedshowed a a negativenegative
influenceinfluence
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ConclusionsConclusions ofof thethe estimationestimation ofof thethe
modelsmodels

TheThe empiricalempirical evidenceevidence supportedsupported thethe fullyfully--
endogenousendogenous growthgrowth modelsmodels whenwhen TFP TFP 
growthgrowth dependsdepends onon::

TheThe effectiveeffective researchresearch intensityintensity

DistanceDistance toto thethe frontierfrontier

AbsorptiveAbsorptive capacitycapacity

→→ DeeperDeeper analysisanalysis ofof thethe role role ofof human human 
capital capital andand institutionsinstitutions isis requiredrequired..



29

PolicyPolicy designdesign

EconomicEconomic policypolicy measuresmeasures toto ensureensure catchingcatching up up 
andand thethe possibilitypossibility ofof imitatingimitating thethe leaderleader are are notnot
adequateadequate forfor countriescountries whichwhich are are notnot far far fromfrom thethe
technologicaltechnological frontierfrontier..

A A newnew patternpattern ofof interventionintervention becomesbecomes necessarynecessary..

TheThe newnew innovationinnovation modelmodel requiresrequires toto promotepromote::

EffectiveEffective researchresearch intensityintensity..

IndirectIndirect sourcessources ofof innovationinnovation andand growthgrowth
suchsuch as as competitioncompetition, , investmentinvestment in in 
educationeducation, , reductionreduction ofof creditcredit constraintsconstraints andand
flexibilityflexibility in in labourlabour marketsmarkets..
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