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Abstract

Previousempirical researchhas shown that the observedinter-sectoralvariety in the
ratesand form of organisationsof innovationsis relatedto differencesin the underlying
technological regimes. Further, theoretical models of industry dynamics suggesta
similar relationship between the structural and dynamic properties of the firm
populationof an industry and its underlying technologicalregime. Using productivity
differencesbetweenentrantsand incumbentsas a proxy for the technologicalregimeof
an industry, this paper, on the grounds of a longitudinal firm-level databaseon the
Dutch manufacturingsector,showsthat differencesbetweenindustrieswith regard to
their structural and dynamic properties are strongly related to their underlying
technologicalregimes.
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Technological Regimes and Industrial
Dynamics: The Evidence from Dutch
Manufacturing

Machiel van Dijk

1. Introduction

This paperdeals with the empirical relationshipbetweenindustrial dynamicsand
technological regimes. A technological regime can be defined as a particular
combinationof opportunity, appropriability, cumulativenessconditions and properties
of the knowledgebase,commonto specific activities of innovation and productionand
shared by the population of firms undertaking those activities. In the literature on
technologicalregimes, a distinction is usually made betweentwo major patternson
innovative activities. The first one, called SchumpeterMark I (SM-I), is characterised
by key role played by new finns in innovative activities, whereasin the secondone,
SchumpeterMark II (SM-II), this key role is fulfilled by the largeandestablishedfirms.

The differencesbetweenthe two regimesare mainly related to differencesin the
appropriability, cumulativenessand knowledge conditions. Given these differences,
industries with different underlying technological regimes are likely to differ with
respectto their dynamic and structuralproperties.For instance,in SM-I industries,we
may expecta turbulent and large populationof small firms, low profit rates,and low
entry barriers. SM-II industries might be characterisedby a more stable and small
population of large firms, high profit rates, and high entry barriers. The aim of this
paperis to test whetherthesedifferencesactuallyexist, by using finn-level dataon the
Dutchmanufacturingsector.

This paperhasthe following structure.The nextsectionpresentsa brief overviewof
both theoreticaland empirical literature on technologicalregimes.Section 3 describes
the firm-level data used in this paper. Thesedata will be used to test a number of
hypotheses,related to the presumeddifferences between industries with different
underlying technologicalregimes.Thesehypothesesare formulated in section4, and
testedin section5. Section6 concludesthis paper.
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2. Technological regimes: the interpretative framework

During his life, Schumpeter held two rather different views of the innovative
process. The first view, expressedin ''The Theory of Economic Development"
(Schumpeter,1912),emphasisesthe role of newentrepreneursin the innovativeprocess.
By introducing new ideasand innovations,new, small firms challengethe incumbent
firms, contributing to what Schumpetercalled the processof "creative destruction".
However,the emergenceof giant enterprisesand industrial researchlaboratoriesduring
the first half of the twentieth century changedSchumpeter'sview of the innovative
process.In "Capitalism,Socialismand Democracy"(1942), Schumpetercalls attention
to the key role of large firms as enginesof economicprogressby accumulatingnon-
transferableknowledgein specific technologicalareas.Hence, his secondview of the
innovativeprocesscouldbedescribedas"creativeaccumulation"(Malerbaet al., 1997).
According to Freeman(1982), the main differencewith Schumpeter'sfirst view is: '...
the incorporation of endogenousscientific and technicalactivities conductedby large
firms. There is a strongpositivefeedbackloop from successfulinnovation to increased
R&D activities setting up a 'virtuous' self-reinforcing circle leading to renewed
impulsesto increasedmarketconcentration.'

Schumpeter'stwo views constitutethe basisof the two metaphoricalarchetypesof
technologicalregimesunderlyingtheanalysisof this paper.Before turning to the actual
differencesbetweentheseregimes,let us first focus on the individual determinantsof
technologicalregimesin general.

To repeat,in line with Breschiet al. (1996) we define a technologicalregime as a
particularcombinationof opportunity, appropriability, cumulativenessconditions and
propertiesof the knowledge base, common to specific activities of innovation and
productionandsharedby the populationof firms undertakingthoseactivities.

Opportunityconditionsrefer to the likelihood of innovating,given a certainresearch
effort. This may dependon, for instance,the extentto which a sectorcandraw from the
knowledgebase,the technologicaladvancesof its suppliersand customers,and major
scientificadvancesin universities.

Appropriability conditions reflect the possibilities of protecting innovationsfrom
imitation and of appropriatingthe profits from an innovation. Possibleappropriability
devicesI are patents, secrecy, lead times, costs and time required for duplication,
learningcurveeffects,superiorsalesefforts, and differential technicalefficiency due to
scaleeconomies.

1 SeeLevin et al. (1984).
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Cumulativenessconditionsrefer to the extentto which the innovativesuccessesof
individual firms are serially correlated.They are relatedto the cognitive natureof the
learning process(e.g., learning by doing), and dependon the extent which ' ...today's
technicaladvancesbuild from and improve upon the technologythat was available at
the startoftheperiod, and tomorrow'sin tum buildson today's.'(Nelson, 1995).

Finally, with regard to the properties of the knowledge base, Dosi (1988)
distinguishesthe following threeaspectsof knowledge:(1) the level of specificity, (2)
the level of tacitness,and (3) the extentto which the knowledgeis publicly available.
The first aspectrenectsthat knowledgecanbe universaland widely applicable,or more
specificto particular'waysof doing things'.The secondaspecthasto do with the extent
to which the knowledgeis well articulated,or whetherit is more tacit, mainly learned
throughpractice.The third aspectrelatesto the fact that someknowledgeis open and
public, e.g., scientific and technical publications, whereasother knowledge is more
private, becauseit is protectedby secrecyor patents, or simply becauseit is tacit
anyway.

In the literature on technological regimes, two opposite archetypesare usually
distinguished. Since opportunity conditions do not necessarilydiffer between the
regimes2, the differences between them are mainly related to differences in
appropriability, cumulativenessconditions and patterns of accessto knowledge. A
SchumpeterMark I regimeis characterisedby low appropriability and cumulativeness
conditions,and the knowledgeis mainly specific,codified and simple. In a Schumpeter
Mark II regime,thesethreeconditionsare reversed:appropriability and cumulativeness
conditionsarehigh, whereasthe knowledgeis mainly generic,tacit andcomplex.

The main contributionof the technologicalregimeframework is that it suggestsan
explanationfor the observedinter-sectoralvariety in the ratesand forms of organisation
of innovations. Empirical evidence supporting this interpretation can be found in
Malerbaet aI. (1995) and Breschiet aI. (1996).By using patentdatafor four countries
(Germany,France,United Kingdom andItaly), Malerbaet aI. (1995) constructa group
of indicatorsof two Schumpeterianpatternsof innovativeactivities. 'A wideningpattern
of innovativeactivity, is related to an innovativebasewhich is continuouslyenlarging
through the entry of new innovators and the erosion of the competitive and
technologicaladvantagesof the establishedfirms in the industry. A deepeningpattern
of innovation...is related to the dominanceof a few firms which are continuously
innovative through the accumulation over time of technological and innovative
capabilities.' (Malerbaet aI., 1995).Oppositetechnologicalregimeconditionsapply to
these two patterns. The widening pattern is determined by a relative 'ease' of
innovating, low appropriability and low cumulativenessconditions.This facilitates the
continuous entry of new innovators and impedes the persistenceof monopolistic
advantages.Deepeningpatternsare also innuencedby a relative 'ease'of innovating,
but herehigh appropriabilityand cumulativenessconditionsapply, which facilitates the

2 Both high and low opportunityconditionscan underlie oneof the regimes(Le., the SchumpeterMark I
regime).
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accumulationof technologicalknowledgeandallows innovativeincumbentsto build up
advantagesoverentrants.

Malerbaet aI. (1995) group the empirical proxies into four types: concentrationof
innovativeactivities, size of the innovatingfirms, changeover time in the hierarchyof
innovators,and the relevanceof new innovators.After applying theseindicatorsto 33
technologicalclasses,the authorsfind the following results.First, patternsof innovative
activities differ systematicallyacrosstechnologicalclasses.Second,they observethat
acrosscountries,remarkablesimilarities emergein the patternsof innovative activities
for each technological class. In the same technological class the indicators
approximately have the same values across countries. Third, two groups of
technological classescan be defined, in which innovative activities are organised
according to the widening and the deepeningpatterns of innovative activities. In
general,mechanicalandtraditionalsectorsshow a widening pattern,whereaschemicals
andelectronicsshow a moredeepeningpattern.Especiallythe secondresult ' ...suggests
strongly that "technological imperatives" and technology-specificfactors (closely
linked to technological regimes) playa major role in determining the patterns of
innovativeactivities... ' (Malerbaet aI., 1995).3

Breschi et aI. (1996) estimatethe impact of a number of technological regime
variables on patterns of innovation (defined by the specific combination of entry,
stability and concentration of the innovating firms) across industries. They find
considerableevidencefor the existenceof a relationshipbetweensectoralpatternsof
technicalchangeand the natureof the underlyingtechnologicalregime.Especiallythe
deepeningpatterns of innovative activities seem to be related to high degreesof
cumulativenessand appropriability, and high importanceof basic sciencesrelative to
appliedsciences.Another interestingconclusionis that widening patternsof innovation
are associatedto either very high or very low opportunity conditions. The authors
explain this result by the ambiguouseffectsof opportunityconditionson concentration.
High levelsof opportunityfacilitate theentry of new innovativefirms, which leadsto an
increasein the populationof innovatorsand thus lower concentrationlevels. But also
low opportunities can have a negative effect on concentration, by impeding the
persistenceof major differencesin innovativeratesamongfirms.

In conclusion, there is considerableevidencefor the hypothesis thata relation
exists betweenthe patternof innovative activities in a sectorand its underlying
technologicalregime. However, althoughthe previously mentionedauthorshave
usedsomedemographicindicators,they have only employedtheseindicatorsto
the populationof firms registeredin patentdatabases.The questionthat naturally
follows concernswhethera similar relationshipexistsbetweenthe structuraland
dynamic properties of the full population of firms in an industry and its
underlyingtechnologicalregime.

3 Malerba et al. (1996) perform a similar analysis with a different dataset,however the results are
'remarkablyconsistent'.
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Sucha relationship,running in first approximationfrom the latter to the former, has
indeedbeensuggestedby, e.g.,NelsonandWinter (1982),Winter (1984)and Dosi et al.
(1995). In Dosi et al. (1995), technologicalregimes(togetherwith 'market regimes',
indicating the relative speed at which selection occurs) are used to explain the
empirically observedintersectoralvariety in the industrial structuresand dynamics.In
the model,eachtechnologicalregimeis definedby the stochasticprocessesdetermining
the 'competitiveness'of entrantsand incumbents.For instance,in one regime, called
Schumpeter Mark I, the competitivenessof incumbentsremains the one they were
endowedwith at their birth. Hence, in this regimethey never learn, as opposedto the
SchumpeterMark IT regime.Here, learningby incumbentsis highly cumulative:in each
period the competitivenessof incumbentsis stochasticallyaugmentedby a factor that is
positively related to their relative competitiveness (i.e., vis-a-vis the average
competitivenessof the industry). Thus, in SchumpeterII regimes, 'successbreeds
success'.Finally, an IntermediateRegimeis defined, in which the competitivenessof
incumbentsessentiallyfollows a randomwalk with a positivedrift.

Interestingly, the simulationresultsshow that within a SchumpeterI regime some
intertemporallystable,but lowly concentrated,structuresemerge.This is not the case
for the other two regimesthat display an irregular long-termcyclicity. Moreover, in a
SchumpeterII regimethe averagetime that the industriesspendin highly concentrated
structure is longer than in an Intermediate regime. Hence, disruptions occur less
frequentlyunder SchumpeterII, but they inducemajor discontinuitieswhenthey occur.
With regard to firm size distributions, the simulationsshow that the less skewedsize
distributionappearunderSchumpeterI regimes,whereasthe mostskewedappearunder
SchumpeterII.

Besidesthesecomparisonsbetweenthe threeregimes,theexperimentsby Dosi et al.
(1995) also allow for an analysisof different parametersettingswithin the regimes.
Three parametersare consideredhere: the technologicalopportunitiesfor incumbents,
the technological opportunitiesfor entrants, and the level of market selection. In
general, higher opportunitiesfor incumbentslead to a smaller population of firms,
higherconcentration,and lower marketturbulence.4 Higher technologicalopportunities
for entrants lead to exactly opposite results: a higher number of firms, lower
concentration,and highermarketturbulence.Finally, a higher level of marketselection
has a negativeeffect on the numberof firms, and a positive effect on concentration.s

Hence, higher selective market forces (more 'efficient' markets) '...tend to yield, in
evolutionary environments,more concentratedmarket structures, rather than more
"perfect" ones in the standardsense.'(Dosi et al., 1995). In conclusion,this model
clearly displays a relationship betweenthe structural and dynamic propertiesof an
industryand its underlyingtechnologicalregime.

Sinceour aim is to establishthe samerelationshipempirically, the presentpaperis
in a sensethe empirical counterpartof Dosi et al. (1995). In section 4, a numberof

4 Measuredasthe sumof theabsolutechangesin marketshares.

5 No clearrelationshipwasfoundbetweenmarketselectionandturbulence.
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hypotheseswill be derived to test whether the relationship between regimes and
industrialpropertiesindeedexists.However,let us begin by describingthe data(which
unfortunatelyrestrict the testabilityof somehypotheses,especiallythosewith regardto
the entryandexit of firms).

3. The data

The Statistics Netherlandsmanufacturingdatabasethat is used here capturesall
firms with more than twenty employees(working 15 hours or more weekly) that have
beenactive in the Dutch manufacturingsectorbetween1978 and 1992.Furthermore,it
contains4,415 observationsof firms employing less than twenty employees.Someof
theseobservationsrepresentfirms that are initially or ultimately below the thresholdof
twenty employees, but also about 600 firms that stay below twenty employees
throughouttheir presenceare included.

In total, there are 84,248 observationsrepresenting10,011 firms, of which 2,838
firms are presentthroughout the whole period. These continuing firms on average
capture57.3 and55.5 % of respectivelytotal manufacturingemploymentand sales.The
remaining firms are only temporarily present in the dataset; on averagethey are
observedfor 5.5 years.Although thesefirms enterand exit the database,defining them
asentrantsandexitersis not appropriatein most of the cases.For the period from 1986
and onwards, Statistics Netherlandsprovides information about the specific reasons
why firms enter or exit the database.The majority of the entering and exiting firms
appearor disappearbecauseof passingthe thresholdof twenty employees.On average,
only 8.9 % and 21.1 % of the firms enteringand exiting the databaseare respectively
greenfieldentrantsand closedown exiters. Unfortunately, the data do not allow us to
distinguishthem.

4. Hypotheses

As mentionedin section 2, previous empirical researchused data on innovation
activities performedby the firms to study the technologicalregimeof an industry. For
instance,Breschiet al. (1996) found that sectoralpatternsof technologicalchange,like
concentrationand turbulenceof the populationof the innovating firms, were relatedto
the underlying technological regime. Unfortunately, the datasetused here does not
include variablesindicating the innovativeactivities of the firm. Hence,in order to test
whetherthe technologicalregimesare relatedto the structuralanddynamicpropertiesof
the industries,we needanothercriterion for dividing the industriesinto a SM-I group
and a SM-II group. The classificationof industries into "regimes" that follows is an
indirect implication of Breschi et al. (1996) and is also part of the "reducedform"
formalisationin Dosi et al. (1995).
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Given the conditions of the SM-I regime, Le., low levels of appropriability and
cumulativenessand open, codified and relatively simple knowledge, this regime
preventsthe persistenceof monopolistic advantagesand is therefore relatively more
favourable to entrants than to incumbent firms. Conversely, the high levels of
appropriability and cumulativenessconditions and the generic, tacit and complex
knowledge of the SM-II regime allow incumbents to continuously accumulate
knowledge and capabilitiesand hencecreatecircumstancesunfavourableto entering
firms. A meaningfulcriterion should display this differencebetweenthe regimeswith
regardto the conditionsbeing more favourableto entrantsthan to incumbents,or vice
versa. We therefore proposethe averagelabour productivity6 of successfulentrants
relative to the averagelabour productivity of incumbentsas a demarcationcriterion
betweenthe two regimes,becauseit reflectsthe (ex post) differencebetweenthem with
respectto the performanceor competitivenessof incumbentsvis-a.-visnew firms.

Using labour productivity as an indicator for the performanceof a firm, we define
an industry as a SM-I industry if in that industry the averageproductivity of successful
entrantsis higher than the averageproductivity of incumbents.Conversely,an industry
is SM-II if the averageproductivity of incumbentsis higher than the productivity of
successfulentrants.According to this criterion, our total sampleof 106 industriesis
divided in 58 SM-I industriesand48 SM-II industries.

Given the differences in the appropriability, cumulativenessand knowledge
conditions,industrieswith differentunderlyingtechnologicalregimesarelikely to differ
with regardto a numberof indicators.Theseexpecteddifferencescould be classifiedin
two major categories.The first categoryconsistsof static measures,like the firm size
distribution, the secondcategorymore reflect the dynamic propertiesof the industry,
e.g., the processof entry andexit. We will first derive somehypothesesrelatedto inter-
industrydifferenceswith respectto bothsetof variables.

According to Malerbaet al. (1995), a typical SM-I industry is characterisedby the
presenceof many small firms and low entry barriers.Furthermore,the constantinflow
of new entrepreneurswith new ideas,productsandprocessescontinuouslychallengethe
establishedfirms and wipe outtheir quasirentsassociatedwith previousinnovations.In
SM-II industries, thissituation is reversed:large firms prevail, entry barriersare high,
and the high profit rates of incumbentfirms are persistent.Additionally, Audretsch
(1997) suggeststhat the degree of capital intensity also shapesthe technological
regimes:a routinised technologicalregime (which resemblesa SM-II regime) is more
capital intensive than an entrepreneuraltechnological regime (SM-I regime). These
characterisationsallow us to derivethe following hypotheses:

6 The average labour productivity is calculatedas follows. First, for each firm the averagelabour
productivity (real valueaddedover numberof employees)over its whole observationperiodis calculated.
Second,per industry the (unweighted)meansof the firms' averagelabourproductivity is calculated,both
for thegroup of continuingfirms as well as for successfulentrants.A continuingfirm is definedasa firm
presentin the datasetin 1978and in 1992,a successfulentrantis definedas a firm presentin 1992,but
not in 1978.
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1. The shareof small firms7 is higherin SM-I industriesthan in SM-II industries.

2. Concentrationlevelsarelower SM-I industriesthan in SM-II industries.

3. Entry barriersarelower in SM-I industriesthanin SM-II industries.

4. Capitalintensityis lower in SM-I industriesthanin SM-II industries.

5. In SM-I industries,profit ratesarelower thanin SM-II industries.

6. The profit ratesof incumbentsare lower in SM-I industriesthan in SM-II industries,
whereas the profit rates of entrants are higher in SM-I industries than in SM-II
industries.

7. In SM-I industries,entrantsare more profitable than incumbents,whereasin SM-II
industriesincumbentsaremoreprofitablethanentrants.

This last hypothesisreflects the relative advantagethat entrantsshould have over
incumbents in SM-I industries, and vice versa for SM-II industries. Hence, this
hypothesis tests for differences between entrants and incumbents within each
technological regime. Hypothesis 6, however, comparesthe differences within the
group of entrantsand the group of incumbentsbetween the technological regimes.
Given the patternsof knowledgeaccumulationin the two regimes,entrantsin SM-I
industriesshouldbe more successfulthan entrantsin SM-II industries,and vice versa
for incumbents.

With respect to dynamic properties of industries with different underlying
technological regimes, section 2 already mentioned the observeddifference in the
stability of the populationof innovatingfirms (seeMalerbaet aI., 1995).Here,the focus
will be on all firms in the dataset,regardlessof their patentingbehaviour.Differencesin
the stability of this populationcanbe measuredby looking at the amountof turnover(in
termsof shifts in marketshares)due to entry andexit. Moreover the turbulencewithin
the group of incumbentfirms can be examinedhere: SM-I industriesare expectedto
show a less stablepopulationof incumbentfirms than SM-II industries.This leadsto
the following hypotheses:

8. In SM-I industries,the amountof turnoverdueto entry andexit ratesis higherthanin
SM-II industries.

7 The statisticaldefinition shall bepresentedin section5.
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9. The turbulencewithin the group of incumbentfirms is higher in SM-I industriesthan
in SM-II industries.

Anotherpotentialdifferencebetweenthe two groupsof industriesis likely to be the
shareof entrantsandincumbentsin the total growth in productivity. Given the natureof
the two regimes,we canexpectthe contributionof entrantsto productivity growth to be
higher in SM-I industries,and the contribution of incumbentsto be higher in SM-II
industries.Hence,we canderivethe following hypothesis:

10. The contributionof entrantsto productivitygrowth is higherin SM-I industriesthan
in SM-II industries,andvice versafor incumbents.

Before turning to the next section, in which the hypotheseswill be tested,a final
remarkshouldbe madeaboutone importantlimitation of the data. It was mentionedin
section3 that only firms with more than twenty employeesare fully representedin the
data.The consequenceof this is that what we call enteringand exiting firms aremainly
firms crossing the observationthreshold. It might seem awkward then to proposea
numberof hypothesesrelatedto the processof entry and exit. However, if for instance
the regime of an industry is favourableto new and small firms, it is likely that it is
easierfor thesefirms to grow and passthe observationthresholdthan in an industry
with a regime favourableto large and establishedfirms. To put it stronger,excluding
firms with less than twenty employees,even if involving an inevitable censoringof
observations,is not likely to distort neitherthe classificationof industriesinto the two
regimes,nor their associatedcharacteristics.Therefore,thereis reasonto believethat if
there are differences between industries with different underlying technological
regimes,thesedifferenceswill be statisticallysignificant, regardlessof whetherthe firm
observationthresholdis setat twenty, at ten, or at zeroemployees.

5. The hypotheses tested

For every hypothesis,we will calculatethe meansof the relevantvariablesfor the
two groupsof industries,andtestwhetherthe differencesbetweenthe meansare in line
with the hypothesistestedand whetherthe meansare significantly different between
SM-I and SM-II industries. In the tables that follow, the specific variablesused for
testingthe hypothesiscan be found in the first column. In the secondand third column
the meansof thesevariablesare listed for both groupsof industries,togetherwith their
standarderrors.The rest of the table showsthe outputof a t-test of the null hypothesis
that the meansof the different groupsof industriesare the same.Becausethe t-statistic
can only be computedif the variancesof the two populationsare equal, an F-test is
performedto test the hypothesisthat the samplevariancesare equal. The value of the
F-statistic(the highestsamplevariancedivided by the lowest samplevariance)is listed
in the fourth column. Between brackets the correspondingp-values can be found,
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indicating the significancelevel at which the observedF value is not significant (given
thedegreesof freedom).

When this p-valueis higherthan 0.05, the hypothesisthat the samplevariancesare
equal is accepted.The t-statistic (of the hypothesisthat the true meansof the different
groupsof industriesare the same)is then calculatedon the basisof a pooled-variance
estimate.If thep-valueis lower than 0.05, the hypothesisthat the samplevariancesare
equal is rejected,implying that the t-statisticcannotbe computedfor the difference in
samplemeans.In that case,an approximationof t is computed,basedon a separate
varianceestimate.In column five the valueof the t-statisticis listed. The corresponding
p-valuecanbe found betweenbrackets,indicating the probability of the occurrenceof a
value largerthan t. The lower thisp-value,the lesslikely it is that the true meansof the
groupsof industriesunder considerationare the same.An asterisk indicatesthat t is
approximated.

Hypothesis 1: The share of small firms is higher in SM-I industries than in SM-ll
industries.

The shareof small firms, heredefinedasfirms having lessthan 100 employees,can
be measuredas the annual mean of their share in the total population of firms
(MNSMFPRS), or as the annual mean of their share in total industrial sales
(MNSMFRSL).Thesevariables,expressedin percentages,arelisted in table 1.

Mean(standarderror) GroupmeansT-test

Schumpeter Schumpeter F-statistic T-statistic
Mark 1 Mark 2Variable (p-value) (p-value)

........................................................................................................................................................................................................................................................................................................
MNSMFPRS 71.3 (2.19) 64.5 (3.08) 1.64(0.08) 1.84(0.07)

MNSMFRSL 38.0(2.94) 29.3 (3.39) 1.10(0.74) 1.94(0.06)

As the resultsin table 1 show, thereis considerableevidencefor this hypothesis:the
shareof small firms is significantlyhigherin SM-I industries.

Hypothesis 2: Concentration levels are lower in SM-I industries than in SM-ll
industries.

To test this hypothesis we calculated for each industry two concentration
measures.The first is the annualmean of the Herfindahl-index(MNHERHIN),
which is the weightedaverageof the marketsharesof all firms in the industry(the
marketsharesareusedasthe weights).The secondis the annualmeanof the total
marketshareof the largestfour firms in the industry(MNCR4SHR).



GroupmeansT-test

F-statistic T-statistic

Table2

Variable

11

Mean(standarderror)

Schumpeter Schumpeter
Mark I Mark 2 (p-value) (p-value)

MNHERFIN

MNCR4SHR

* approximated

12.1 (1.96)

47.8 (2.71)

13.8 (1.61)

54.4(3.41)

1.78 (0.04)

1.32 (0.32)

-0.68 (0.50)*

-1.52 (0.13)

As table 2 shows, there are no significant differencesbetweenSM-I and SM-II
industrieswith regardto concentrationlevels,hencerejectingthe hypothesis.

Hypothesis3: Entry barriers are lower in SM-I industriesthan in SM-II industries.

Hypothesis4: Capital intensityis lower in SM-I industriesthan in SM-II industries.

Advertising intensity, capital intensity, and the minimum efficient scale of an
industry are often consideredas important entry barriers. We cannot test for
differenceswith regardto advertisingintensity, sinceadvertisingexpendituresare
not in our dataset. Also, thereare no dataon the capitalstockof firms in our set;
howeverwe can roughly approximatecapital intensity by the annualmeanof the
ratio of investmentsto sales (MNRLINV). Finally, a proxy for the minimum
efficient scaleis the medianplantsizeof the industry(MEDSIZE).

GroupmeansT-test

F-statistic T-statistic

Table3

Variable

Mean(standarderror)

Schumpeter Schumpeter
Mark 1 Mark 2 (p-value) (p-value)

MNRLINV

MEDSIZE

SURVRATE

* approximated

5.89 (0.27)

68.6 (7.01)

73.1 (2.71)

6.78 (0.39)

86.3 (8.85)

65.5 (3.79)

1.72 (0.05)

1.32 (0.31)

1.62 (0.08)

-1.91 (0.06)

-1.59 (0.11)

1.67(0.10)

As table 3 shows, in SM-I industries"capital intensity" (as proxied here) indeed
appearsto be lower than in SM-II industries.Further,there is someweak evidencethat
the mediansizeof firms in SM-I industriesis lower than in SM-II industries.Hence,the
evidencefor hypothesis3 is ratherstrongwhen ex ante measuresof entry barriersare
applied. By using the proxy for capital intensity as an indicator for entry barriers,
hypothesis4 was automaticallytestedas well, and accepted.We also measuredentry
barriersexpostby calculatingfor eachindustrythe numberof successfulentrants(firms
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not presentin 1978, but still presentin 1992) relative to the total numberof entrants
over the whole period (SURVRATE). Measuredin this way, entry barriersarehigherin
SM-II industriesthan in SM-I industriesat the 10 percentsignificancelevel.

Hypothesis5: Profit ratesin SM-I industriesare lower than in SM-II industries.

Hypothesis6: Theprofit ratesofincumbentsare lower in SM-I industriesthan in SM-II
industries,whereastheprofit ratesofentrantsare higherin SM-I industriesthan in SM-
II industries.

Hypothesis 7: In SM-I industries, entrants are more profitable than incumbents,
whereasin SM-II industriesincumbentsare moreprofitable than entrants.

For measuringprofitability, we use the annualmeanof the ratio of grossprofit to
sales.For testing hypothesis5, the mean of this ratio of all firms in the industry is
calculated(MNRLPROF). For hypotheses6 and7, we userespectivelythe meanof this
ratio of all continuingfirms (INCRPROF),and of all successfulentrants(ENTRPROF)
in eachindustry.The results,expressedin percentages,arelisted in the table4.

GroupmeansT-test

F-statistic T-statistic

Table4

Variable

Mean (standarderror)

Schumpeter Schumpeter
Mark 1 Mark 2 (p-value) (p-value)

MNRLPROF

INCRPROF

ENTRPROF

* approximated

8.13 (0040)

8.51 (0.44)

12.5 (1.00)

9.72 (0.49)

10.5 (0.79)

7.82 (2.18)

1.28 (0.37)

2.64«0.01)

3.82«0.01)

-2.55 (0.01)

-2.23 (0.02)*

1.97(0.05)*

Hypothesis5 is accepted:the averageprofitability in SM-I industriesis significantly
lower than in SM-II industries.The same applies to hypothesis6: profit margins of
incumbentsare significantly lower in SM-I industriesthan in SM-II industries,while
profit margins of entrantsare significantly higher in SM-I industries than in SM-II
industries.Note, however, that comparedto the other values, the standarderror of the
mean of averageprofitability of successfulentrantsin SM-II industriesis remarkably
high, hence weakening the evidence for hypothesis 7. Within the group of SM-I
industries,entrantsare significantly more profitable than incumbent firms, which is
confirmed by a paired groups t test. For each industry, the difference between
INCRPROF and ENTRPROF was calculated. Subsequently,for SM-I and SM-II
industries the mean of these differences was computed. For SM-I industries, the
hypothesisthat the true meansof thesedifferencesare equalto zerowas rejected(the t-
valueis equalto -3.79). However,for SM-II industriesthe samehypothesiscould not be
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rejected,given the t-value of 1.14.Hence,incumbentsdo not appearto be significantly
more profitablethanentrantsin SM-ll industries.

Hypothesis8: In SM-I industries, the amountof turnoverdue to entry and exit rates is
higherthan in SM-II industries.

Thereare two ways of measuringthe magnitudeof the processof entry and exit.
The first one simply measuresannual firm entry and exit rates,by counting the
numberof entering and exiting firms and dividing them by the total numberof
firms active in the industry.Accordingly, the shareof salesof enteringandexiting
firms in total industrial salescan be calculatedfor eachyear in order to measure
annualsalesentry and exit rates.In the table 5, the industrialmeansof the annual
firm entry and exit rates (ENTRYRT and EXITRT), as well as the industrial
meansof annualsalesentry and exit rates(ENSALERT and EXSALERT), all in
percentages,arelisted in table5.

GroupmeansT-test

F-statistic T-statistic

Table5 Mean(standarderror)

Schumpeter Schumpeter
Mark 1 Mark 2Variable (p-value) (p-value)

, .
ENTRYRT 8.72 (0.62) 8.36 (0.59) 1.32(0.32) 0.41 (0.68)

EXITRT 8.40 (0.61) 8.22 (0.51) 1.74 (0.05) 0.22 (0.83)

ENSALERT 4.57 (0.38) 3.45 (0.40) 1.09 (0.77) 2.00 (0.05)

EXSALERT 4.71 (0.46) 3.38(0.34) 2.21 (0.01) 2.26 (0.02)

The secondway is to measurecumulativeentry and exit rates.Thesemeasures
reflect the significanceof entry andexit in the long run. The cumulativeentry rate
is the shareof entrantsin the total numberof firms (ENTRTCM) or total sales
(SLENRTCM) at the endof a given period, i.e., 1992.The cumulativeexit rate is
the shareof exiting firms in the total numberof firms (EXTRTCM) or total sales
(SLEXRTCM) at the beginning of the period, i.e., 1978. The meansof these
variables,in percentages,arelisted in table6.

Table6 Mean(standarderror) GroupmeansT-test

Schumpeter Schumpeter F-statistic T-statistic

Variable Mark 1 Mark 2 (p-value) (p-value)

ENTRTCM 47.7 (2.14) 41.7 (2.89) 1.47 (0.16) 1.68(0.09)

EXRTCM 48.3 (1.67) 42.6 (2.46) 1.64(0.08) 1.78(0.08)

SLENRTCM 34.6 (2.30) 23.5 (2.98) 1.37 (0.26) 3.00«0.01)



GroupmeansT-test

F-statistic T-statistic

Table6

Variable
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Mean(standarderror)

Schumpeter Schumpeter
Mark 1 Mark 2 (p-value) (p-value)

SLEXRTCM 36.2 (2.92) 27.1 (3.15) 1.03 (0.94) 2.12 (0.04)

Annual firm entry andexit ratesdo not differ significantlybetweenthe two groups
of industries.However,annualsalesentry andexit ratesare indeedhigher in SM-I
industries than in SM-II industries.With respectto cumulative entry and exit
rates,theevidenceis stronger.Both measuresdiffer betweenthe two groupsat the
10 percent significance level. The cumulative entry and exit sales rates are
different betweenSM-I and SM-II industriesat the 5 percentsignificancelevel.
Therefore,both for the short and the long term perspectivethere is considerable
evidencethat the amountof turnoverdue to entry and exit ratesis higher in SM-I
industriesthan in SM-II industries.

Hypothesis9: The turbulencewithin the group of incumbentfirms is higher in SM-I
industriesthan in SM-II industries.

Two measuresare proposedhere. The first one (SLSRTURB) measuresthe short
run turbulence within the group of incumbent firms. For each year and for each
continuing firm (i.e., firms presentin 1978 and 1992), the absolutechangein market
shareis calculated.Next, for eachindustry the sum of the absolutechangesin market
sharesis computedfor eachyear. Finally, the annual mean of the sum of changesis
calculatedfor eachindustry.The secondmeasure(SLLRTURB) measuresthe long run
turbulence.For eachcontinuingfirm, the absolutechangein marketsharebetween1978
and 1992 is calculated.The long run turbulenceof an industry is thenequalto the sum
of absolutemarket sharechangesof the continuing firms within that industry. The
resultsarelisted in table7.

GroupmeansT-test

F-statistic T-statistic

Table7

Variable

Mean(standarderror)

Schumpeter Schumpeter
Mark 1 Mark 2 (p-value) (p-value)

SLSRTURB

SLLRTURB

* approximated

13.8(0.93)

26.2 (1.45)

10.8(0.47)

25.3 (1.71)

4.70«0.01)

1.15 (0.61)

2.93 «0.01)*

0.40 (0.69)

Only when measuredin the shortrun, the amountof turnoveris significantly higher
in SM-I industriesthan in SM-II industries.The long run measuresof turbulenceare
approximatelyequalfor the two groupsof industries.
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Hypothesis10: The contribution of entrants to productivity growth is higher in SM-I
industriesthan in SM-II industries,andviceversafor incumbents.

Baldwin (1995) providesan elegantway of calculatingthe contributionof entering,
exiting and continuing firms to the total productivity growth of an industry in a given
period.The total growth of labour productivity (TOT) between1978 and 1992 can be
expressedin the following way:

TOT = SHEN92x (APEN92- APEX78) + SHIN92 x (APC92 - APC78)

+ (SHIN92 - SHIN78) x (APC78- APEX78)

whereSHEN92is the labourshareRof entrantsin 1992,SHIN78 and SHIN92 the labour
sharesof continuing firms in 1978 and 1992. APEN92 and APEX78 denotethe real
value addedper worker for respectivelyentrantsin 1992 and exiters in 1978. Finally,
APC78 and APC92 are the real value added per worker for continuing firms in
respectively1978and 1992.

In this expression,assumingthat the shareof continuing firms in total industrial
employmentis held constant,the first term (DIFENEX) capturesthe changedue to the
difference in productivity between entrants and exiters and the second term
(PROGCONT)reflectsthe growth in productivity due to progressin continuing firms.
The effectof actualsharechangesis capturedby the third term (SHARECHS).

For eachindustry with positive productivity growth9
, we calculatedthe threeterms

and divided them by total productivity growth in order to get their sharesin total
productivity growth. In table 8 the meanvaluesfor the threetermsare listed (standard
errorof the meanin parentheses),for bothgroupsof industries.

GroupmeansT-test

F-statistic T-statistic

Table8 Mean(standarderror)

Schumpeter Schumpeter
Mark 1 Mark 2Variable (p-value) (p-value)

.........................................................................................................................................................................................................................................................................................................
DIFENEX 60.7 (12.2) 19.4(4.45) 9.81 «0.0l) 3.17 «0.01)*

PROGCONT 42.3 (9.42) 76.2 (5.78) 3.45 «0.0l) -3.07 (0.04)*

SHARECHS -3.03 (7.10) 4.35 (4.38) 3.41 «0.01) -0.88 (0.38)*

* approximated

• The labour shareof, e.g., entrantsin 1992 is equal to the numberof workers employedby successful
entrantsin 1992dividedby the total numberof employeesin the industryin 1992.

9 This restrictionruled out 6 SM-I industriesand8 SM-II industries,but this had only little impact on the
outcomes.
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If we comparethe differencein the contributionof entrantsand incumbentsbetween
the two regimes, we find support for hypothesis 10. The contribution to total
productivity growth of entrantsis significantly higher in SM-I industriesthan in SM-II
industries,and converselyfor SM-II as comparedto SM-I industries.The results also
indicate that within the group of SM-I industries, the contributions by entrantsand
continuing firms to total productivity growth are not significantly different. This is
confirmedby a pairedgroupst test, similar to the one appliedat testinghypothesis5 (t-
valueequalto 0.89).However,within the groupof SM-II industries,the contributionby
enteringfirms is much lower than the contributionmadeby incumbents(t-value equal
to -6.08).

6. Conclusions

The main conclusionfrom the analysisof the previous section is that the results
indeedsuggestthat the structuraland dynamic propertiesof the industriesare strongly
related to their underlying technological regimes. Obviously, the two groups of
industriesshow considerabledifferenceswith regardto most of the selectedvariables,
which in all caseshave the right sign, and thus corroboratethe hypotheses.For only a
few variablesthedifferencesarenot significant.

With regardto firm size distribution, we have found considerableevidencefor the
hypothesisthat the share of small firms is higher in SM-I industries than in SM-II
industries.However, no significantdifferenceswere found for the concentrationlevels
of industrialsales.The two groupsof industriesshoweda slight differencewith respect
to the medianfirm size; however,using a proxy for capital intensity as an alternative
measurefor entrybarriersprovidessomestronger,althoughcircumstantialevidencethat
entry barriers are higher in SM-II industriesthan in SM-I industries.Further, overall
profitability is significantly higher in SM-II industries,and incumbentfirms in SM-II
industriesaremoreprofitable than incumbentsin SM-I industries,whereasthe opposite
holdsfor entrants.Within SM-I industries,entrantsaremoreprofitablethanincumbents.
Within SM-II industrieshowever,incumbentsare not significantly more profitable than
entrants.

With regardto the dynamicmeasures,we havefound that both shortrun as long run
indicatorsshow that the amountof turnover due to entry and exit is higher in SM-I
industriesthan in SM-II industries. Interestingly,however,this goestogetherwith the
evidencethat the annualfirm entry andexit ratesdid not differ significantly betweenthe
two groupsof industries.

The measuresof turbulencewithin the group of incumbent firms showed some
mixed results.This variablewas only significantly different when measuredas year to
yearchanges.If the full periodwas takeninto account,the turbulencewithin the group
of incumbentsis approximatelythe samefor SM-I and SM-II industries.Finally, the
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contributionof entrantsto total productivity growth is higher in SM-I industriesthan in
SM-I1 industries, whereas incumbents contribute much more to total growth of
productivity in SM-II thanin SM-I industries.

These results show that technological regimes explain to a considerableextent
differencesbetweenindustrieswith regard to their structural and dynamic properties.
Admittedly, the caveat here is that we used the averageproductivity of successful
entrantsrelative to the productivity of incumbentsin an industry as a proxy for its
underlyingtechnologicalregime.But given the natureof the two stylisedtechnological
regimesconsideredhere,the (expost) performanceof entrantsrelative to incumbentsis
reasonableproxy for assessingthe relative favourableconditionsof a regime towards
small andnew firms, or towardslargeandestablishedfirms in the oppositeregime.

Furtheranalyses,directly using proxies for the actual opportunity, appropriability,
cumulativenessand conditionsof knowledgeaccumulation,would certainly provide a
stronger basis for testing whether technological regimes explain the observed
differencesbetweenindustries.However, the resultsof the presentanalysisare in our
view strong enoughto support to '...interpretations leaning toward an evolutionary
approach[which] emphasizesector/technology-specificpatternsand invariancesin the
way agents learn...as determinantsof both structures and dynamics.' (Dosi et aI.,
1997).Obviously,many openquestionsremain,but we hopethat the analysispresented
here has provided more evidenceon the links betweentechnologicalregimes,patterns
of innovationand industrialdynamics.
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