
www.manaraa.com

FIRM-SPECIFICSTRATEGICADVANTAGESAND
FOREIGNDIRECTINVESTMENTBEHAVIOROF FIRMS:

THE CASEOF JAPANESESEMICONDUCTrORFIRMS

Yui Kimura*
InternationalUniversityof Japan

Abstract.Weexaminetheeffectsof firm-specificstrtegicadvantages
on theFDI behaviorof Japanesesemiconductorfirms.Weinvesti-
gatethestrategicadvantagesnecessaryfor undertakingFDI in this
industry,andshowthattheseadvantagesaresystematicallyassociated
with the vanation in FDI behavior.We identify technological
innovation,a broadproductline,andverticallinkageswithdown-
streambusinessesas sourcesof suchstrategicadvantages.Wealso
showthatsizeof the finn influencesits decisionto go international.

The questionsof determinantsof foreigndirect investment(FDI) were
approachedinitiallyfrom severaldifferentperspectives,but the different
strandsof researchhaveconvergedthroughsynthesisto a viewthat is now
known as the "eclectic"approach[Buckleyand Casson 1976;Dunning
1977].Thisapproachhaspromptedextensiveempiricalinvestigations[Lall
1980;Pugel 1981;Swendenborg1979;Dunning 1980].
Most of theseempiricalstudies,however,substitutedindustryfor the firm
as a unitof observation,usingindustrydata that aggregatedall the firms
in an industry.Theyexplainedwhycertainindustriestendto be moreprev-
alent thanothersin FDI, but theyprovideno cluesas to whysome firms
aremorelikelythanothersto operatemultinationallywithinthese indus-
tries.Horst[1972]andSwendenborg[1979]attemptedusingfirm-leveldata
to explainthe variationsin FDI activitiesamong firmsafter accounting
for the variationsacrossindustries.Theywere,however,-unableto isolate
the factorsexplainingthe intra-industryvariationotherthanfirmsizeand
the firm'sexperiencein multinationaloperations.
The purposeof this paperis to providean explanationfor intra-industry
variationinFDIbehavioramongfirms,andto presenta pieceof empirical
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evidence.Underlyingour approachis the premisethat firms within an
industrymaydifferin theirstrategicadvantagesthatallowthemto compete
with indigenousfirms in host countrymarkets.
Specificstrategicadvantagesnecessaryto competeeffectivelydiffer from
industryto industry.A closeexaminationof intra-industryvariationin FDI
behaviorthusrequiresone to focuson possiblesourcesof strategicadvan-
tages that are relevantto an industryor a small set of homogeneous
industries.In this study,we focus on severalof those possiblesourcesof
strategicadvantagesin a specific industrycontext-within the Japanese
semiconductorindustry.
Statisticalstudiesof intra-industryinterfirmvariationsinFDIbehaviorface
a numberof limitations,dueto problemsin firm-leveldataand statistical
methodsof analysis.Thisstudyis not an exception,andit does not escape
someof thoselimitations.Thus,in thispaper,we do not intendto present
a definitivestatisticalworkon theJapanesesemiconductorindustry.Rather,
it is intendedas a contributionenunciatinga new avenueof analysison
FDI and suggestinga new wayto estimateits testableimplications.
With individualfirmsas a unit of observation,our approachallowsus to
sharplyfocuson, anddefinespecificsourcesof firm-levelstrategicadvan-
tages that promptfirms to undertakeFDI. The firm-levelfocus enables
oneto relateintra-industryvariationin FDIbehaviorto therecentindustrial
organizationandcompetitivestrategyliteratureon intra-industryinterfirm
competitiveasymmetry.Ourapproachmovesus closerto the outlooks of
industrialorganizationand competitivestrategyresearchers,and this per-
spectivegeneratesrich analysisand testableimplications.
In thispaper,wefirstdescribebrieflythe FDI activitiesof majorJapanese
semiconductorfirms. Second, we develop an analyticalframeworkfor
explainingthe variationin the FDI activities.Then, we identifypossible
sourcesof strategicadvantagesthat arelikelyto motivatethe firmsto go
abroad,andproposeseveraltestablehypotheses.Finally,wedefinethevari-
ables, specifythe empiricalmodel,andreportthe resultsof our empirical
investigation.

FDI BY THE JAPANESESEMICONDUCTORFIRMS

Table1 summarizesthe FDI activitiesof Japanesesemiconductorfirms
in termsof the datesof establishment,the locations, and the production
activitiesat these locations as of 1985.
In thetable,somedistinctpatternsof theirFDI behaviorcanbe discerned.
First, the degreeand the extentof FDI activitiesseemto differ consider-
ably acrossthe firmsin this industry.Some firms,notablyNEC, Hitachi,
andToshiba,havesubstantialforeignproductionwhilesomeothersremain
limitedFDIinvestors.Second,thelocationsof FDIactivitiesof thesefirms
also differ.The formergroupof firmsareengagedin foreignproduction
in both advancedand newly industrializingeconomies (NIEs) whereas
Matsushitaand TokyoSanyoconductassemblyoperationonly in NIEs.
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TABLE1
Foreign Direct Investment by the Japanese Semiconductor Firms

Year
Firm Country Established Information
NEC Singapore 1976 Assembly and testing of discrete

devices and linear ICS.
Malaysia 1976 Assembly and testing of discrete

devices and linear ICS.
U.S. 1978 Integrated production of VLSI

memory-lCs, and gate arrays.
U.K. 1982 Assembly and testing of VLSI

memory ICs.
Ireland 1976 Assembly and testing of VLSI

memory ICs.
Hitachi Malaysia 1973 Assembly and testing of linear ICs.

U.S. 1979 Assembly and testing of memory
lCs.

West Germany 1980 Assembly and testing of memory
ICs.

Toshiba Malaysia 1975 Production of discrete devices
and assembly and testing of ICs.

Korea 1969 Production of discrete devices
and assembly and testing of ICs.

Mexico 1966 Production of semiconductor
(discrete) devices.

U.S. 1980 Integrated production of gate
arrays and assembly and testing
of memory ICs.

West Germany 1984 Assembly and testing of VLSI
memory ICs.

Mitsubishi U.S. 1985 Assembly and testing of VLSI
memory ICs.

Fujitsu U.S. 1979 Assembly and testing of VLSI
memory ICs.

Ireland 1981 Assembly and testing of VLSI
memory ICs.

Matsushita Singapore 1979 Production of discrete devices
and assembly and testing
of linear ICs.

TokyoSanyo Korea 1973 Production of discrete devices
and assembly and testing
of linear ICs.

Taiwan 1974 Production of discrete devices
and assembly and testing
of linear ICs.

Sources: Yano Economic Research Institute (1983, 1985), Toyo Keizal (1985), and Nikkei
Electronics (August 1983)

Moreover,thesemiconductordevicesmanufacturedattheselocationsdiffer.
Integratedcircuitsbased on advancedsemiconductortechnologiesand
largelyusedforcomputersandtelecommunicationsequipment,suchasMOS
memoryICs, aremade solely at the locations in the advancedcountries,
butlinearICsanddiscretedevicesareproducedonlyatthelocationsinNIEs.

ANALYTICALFRAMEWORK

These observedvariationsin FDI behavior among the Japanesesemi-
conductorfirmslead to questionsabout the sourcesof these variations.
The keyto thisanalysisis the hypothesisthat the firmsmaydifferin their
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strategicadvantages,andhenceintheirpossessionof internationally-mobile
intangibleassetson which they rest.
Accordingto theeclectictheoryof FDI[BuckleyandCasson1976;Dunning
1977;Teece1981],for the firm to undertakeforeignproduction,it must
possess some kind of strategicadvantagethat morethanoffsets the cost
of operatingincountriesaliento thefirmandfroma distance.Suchstrategic
advantagesarebasedon a specialclassof assetsheldbythefirm,withsome
uniquecharacteristics.First,the firmmustbe ableto transferthese assets
fromthe homecountrylocationto foreignlocationsat a low incremental
cost, withoutreducingtheir revenue-generatingproductivityat the orig-
inal location. Second, the sale or lease of these assetsto an independent
party must involvesubstantialtransactioncost, so that the firm decides
that it maybe able to appropriatethe streamof rentarisingfrom these
assetsmorecompletelybyinternalizingthemthanbysellingorleasingthem.
Such assetsareintangibleassets,particularlyvariouskindsof knowledge
and know-howfornewproductsandproductionprocesses,for developing
and carryingout marketingprograms,and for managingthese economic
(value)activities.Theknowledgeandknow-howtendto be internationally
mobile,andthearm's-lengthtransactionsin theseassetstendto be subject
to high transactioncosts and to a high degreeof uncertainty.The firm
holdingtheseassetsmay decideto internalizethem, and put them to use
in foreignlocationswhenit findsthattheycan be utilizedmoreprofitably
in theselocationsdue to relativefactorcosts, tariffs,taxes,transportation
cost, andmarketsize[BuckleyandCasson1976;Rugman1980;Swedenborg
1979;Caves1982;Pugel 1982;Teece1981].
Strategicassets, however,may not be distributeduniformlyacross firms
withinanindustry.Firmsacquireandaccumulatestrategicassetsovertime,
andtheconfigurationof assetbundlesmaydifferconsiderablyacrossfirms
within an industry,dependingon their initial and subsequentstrategic
choices [CavesandPorter1977;Caves1984;Porter1985].An implication
of this is thatthesefirmsmaybe left with differentialbundlesof strategic
assets, renderingthem specificto firmsratherthanto the entireindustry.
Thedifferentialstrategicassetsheldbyfirmsmaydelineatethemin strategy
andin theirabilityto compete.Withinanindustry,somefirmsmaypossess
superior,internationally-mobilestrategicassetsin theirbundles,providing
the basis for strongstrategicadvantagesto overcomethose disadvantages
facedin operatingoverseasandto competeeffectivelywithindigenousfirms.
Otherfirmsmaylack such advantages.Then, the firmswith such strong
strategicadvantagesmay undertakeFDI whereasthose firmslackingthe
advantagesmay remainhome-boundor serviceforeignmarketsin other
modes.
Moreover,locationalconditionsappropriateforusingtheseheterogeneous
firm-specificstrategicassetsmaydifferevenwithinan industry.Whenput
to use,theseassetsmustbe complementedwithspecificinputfactorsavail-
ablein thelocationswheretheyareused.Thespecificinputfactorsrequired
for a particulartype of theseheterogeneousstrategicassetsmayvary,and
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the countriesin the worldarenot uniformlyendowedwiththese specific
factors.Also,thesizeandthenatureof demandfortheproductsandservices
that embodytheseassets may differfrom locationto location, as do the
tradepoliciesand taxes.
Some of those locationalfactorsmayhaveinfluencedthe Japanesefirms'
decisionto undertakeFDI in certainlocations in advancedcountriesand
NIEs. FDI by the Japanesesemiconductorfirms in advancedcountries,
particularlyintheU.S., weremotivatedto servicetherapidlygrowing,large
market(thecomputerandtelecommunicationsequipmentindustries),and
werespurredby the threatof the imminentprotectionisttradepolicy of
these countries[NikkeiElectronics1986].
FDI in NIEs mayhavedifferentunderlyinglocationalinfluences.As the
concentrationof thetimingof theseinvestmentsin thelate 1960sandearly
1970s(see Table1) suggests,they may havebeen undertakenin response
to off-shoreassemblyoperationsbytheU.S. semiconductorfirmsin NIEs.
In those years,the threatof importsfrom those off-shoreoperationsby
the U.S. firmswasrealto the JapanesesemiconductorfirmsITheMinistry
of InternationalTradeand Industry,the JapaneseGovernment1970].
Anotherlocationalfactor,perhapsmoresignificantin recentyears,may
be those firms'motivationto locate the final stageof productioncloser
to end-usersinthoselocationsandservethemwell.Casualevidencesuggests
that theseproductionsubsidiariesperformassemblyoperationsnot only
for re-exportto the Japaneseparents,but also for localconsumption[The
Ministryof InternationalTradeand Industry,the JapaneseGovernment
1985].Localend-usersincludethe subsidiariesof the firm'sownconsumer
electronicsdivisionandothermultinationalconsumerelectronicsfirms,as
well as indigenousfirms.

THE EMPIRICALMODELAND VARIABLES

This analysismotivates a model that relates the variationin the FDI
behavioramongfirmswithinan industryto the variationin theirstrategic
advantagesbasedon internationally-mobilestrategicassets,andto thevari-
ation in the locational conditionsspecific to the locationswhereFDI is
undertaken.We subjectthis hypothesizedrelationshipto empiricaltest.
In doing so, we focus on the influencesof the variationsacrossfirmsin
theirstrategicadvantages.As seenin Table1, productionFDI by the Jap-
anesesemiconductorfirmsis concentratedinto only a fewlocationsin the
world, andthis is not likelyto providevariationssufficientto capturethe
locational influenceson the FDI behaviorin this industry.However,we
areableto investigatethemindirectly.As arguedearlier,thestrategicadvan-
tagesrequiredfor undertakingFDI in differentgeographiclocationsmay
differ even within an industry,and the FDI determinantsmay differ
accordingto the broad geographicregionswhereit is located. We thus
examinethedeterminantsof FDIinadvancedcountriesandNIEsseparately.
Weuse a pooled set of the firm-leveldataon FDI activitiesand strategic
advantages from NEC, Hitachi, Toshiba, Mitsubishi, Fujitsu, Oki,
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Matsushita,TokyoSanyoand Sharpfor the five-yearperiod, 1978-1982.1
Theseninefirmsarethe largestsemiconductorfirmsin Japan,anda setof
systematicdatais availableonlyfortheseninefirmsandforthisperiod.The
sourcesof dataandthedefinitionsof variablesarepresentedintheAppendix.
The use of pooled datapotentiallycreatessome problems.Replicationof
data-pointsthroughpooling acrosstime may not allow sufficientcross-
sectionalvariations.It may also potentiallyintroduceautocorrelationin
our estimatedmodel. Wehave,however,only five time-seriesdata-points
in oursample.Thesampleis too smallto testandcorrectstatisticallypoten-
tial autocorrelation.Thus,weshouldnotethattheestimationof ourmodel
on this samplefacesconsiderablelimitations,andthattheresultsreported
in the latersection should be regardedas highly tentative.
It shouldalsobenotedthatamongtheseninefirms,OkiandSharphadno
productionFDI, and that someotherfirmsdid not engagein production
FDI ineitheradvancedcountriesorNIEsduringtheperiodcovered.These
non-FDIinvestorfirmsareincludedinthesamplebecauseweareinterested
in investigatingnot only the effectsof strategicadvantageson the size of
FDI activitiesof those firmsalreadyengagedin FDI but also theireffects
on the firm'sdecisionon whetherornotto undertakeFDI.Forthispurpose
observationswith no FDI activitiesare retainedin the sample.
In estimatingthe model on this samplewe will employthe tobit form of
regressionanalysis(one-tailtruncatedregression).Whenthe distribution
of the dependentvariableis truncated,OLSestimatesarebiasedand inef-
ficient. Tobitcorrectsthese deficienciesof OLS estimates.Thus, in our
estimation,we will use the tobit maximumlikelihood(ML)estimator.

FDI Variables

Accordingto ouranalysis,wegenerallyexpectthatthe firmswithsuperior
strategicadvantagestend to engagein largersize FDI activitiesthan the
firms that are less favorablypositionedin the strategicadvantages.
We estimatethis hypothesizedrelationshipfor productionFDI in two
differentgeographiclocations:FDI activitiesin advancedcountriesand
those in NIEs.Wethus introducetwodifferentmeasuresof the size of the
firm's FDI activities:

FDIAD The measureof size of the firm's FDI activities in
advancedcountries.

FDIDV Themeasureof sizeof thefirms'sFDIactivitiesinNIEs.
Thesemeasuresof the size of the firm'sFDI activitiesareconstructedas
the annualbalanceof the cumulativecapitalpaid into its semiconductor
productionsubsidiariesin the geographicregionsas defined.2

ExplanatoryVariables

The theoryof FDI and the literatureon the semiconductorindustrypoint
to severalpossiblesourcesof strategicadvantagesthatmaymotivatefirms
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to engagein FDIactivities.Theseadvantagesarebasedonthefirm'sleader-
ship in semiconductortechnologies,the broadscopeof its semiconductor
productline,andthesystemsknowledgeandknow-howsharedwithdown-
streamfinalsystemsequipmentbusinesseswithinthe firm.Also, the size
of the firm'ssemiconductoroperationseemsto playa role in its decision
to undertakeFDI activities.
Technologicalinnovation:Strategicadvantagesbasedon technologicalinno-
vationderivefromits abilityto delineatethe firmsas technologicalleaders
and followers,openinga gap betweenthesetwo groupsof firms.The gap
givesleaderfirmsa transientmonopolyoveran innovationandconstrains
followerfirms'abilityto differentiateproductandto reducecost vis-a-vis
leaderfirms.It mayalso increasecapitalrequirementsfor R&D[Kamien
and Schwartz1982;Porter1983].It mayalso be sustainedby first-mover
advantagesbasedon learningcurves,switchingand searchcost [Spence
1981;Schmalensee1982;Flaherty1983].All thissuggeststhattechnological
innovationmayindeed be a powerfulsourceof competitiveasymmetry,
and that the variationacross firms in their technologicalposition may
providean explanationfor the variationin theirFDI activities.
Semiconductortechnologyhas two salientfeatures.It consistsof hetero-
geneous, distinct design and process technologies for diverse device-
applications.Thesedistincttechnologiestendto be device-specific.While
mostsemiconductortechnologiesarespecificto narrowdeviceareas,certain
technologies,particularlymetaloxidesemiconductor(MOS)-basedVLSI
memorytechnology,tend to be less device-specific.3
The heterogeneityand device-specificityof technologysuggestthat firms
may choose strategicallyto focus on a certaintechnology-productarea.
Theend-userindustriesof specificsemiconductordevicesvary,rangingfrom
theconsumerelectronicsindustryforbipolarlineardevicesto thecomputer
industryforbipolarlogic andMOSmemorydevices.Thefirm'schoiceof
technologicalareafocus thus tendsto define its productfocus and target
end-userindustries.
Forforeignproduction,thisimpliesthatthe firm'sFDIactivitiesmaydiffer
inthelocations,typesof productionactivities,andthesemiconductordevices
producedaccordingto its technology-productarea focus and its leader-
shipinthosetechnologies.Locationalconditionsdifferinend-userdemands,
relativefactorcosts, technologicalinfrastructureand so on. In advanced
countries,particularlythe U.S., the demandcenterson those devicesfor
computerandtelecommunications,applications,suchasbipolarlogic and
MOSmemorydevices.Ontheotherhand,the end-usersinNIEsarelargely
the consumerelectronicsindustrywhosedemandconcentrateson bipolar
lineardevices.Theselocationsalso differ in the technologicalinfrastruc-
ture.All this leadsto suggestthat the firm'sleadershipin MOSmemory,
microprocessor,or bipolardigitaltechnologiesallowsexpansionof its FDI
activitiesin advancedcountrymarketswhiletheleadershipinbipolarlinear
technologytendsto drivethe firm towardFDI activitiesin NIEs.
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Varyingdevice-specificityof technologiessuggeststhat the leadershipin
the less device-specifictechnology(e.g., MOS-basedVLSImemorytech-
nology) may carryoverto otherdeviceareasat an incrementalcost and
risk lowerthanthe cost and risk of independentoriginialR&Din those
otherareas,allowingthe leaderfirmthe strongcompetitivebase in broad
productareas.This strategicadvantagemay be easilyextendedto foreign
locations as well, and those broadtechnology-basedfirms are likely to
engagein FDI activitiesfor a broadarrayof devicesin diversegeographic
locations.Wemay,then,hypothesizethatthe firmswithleadershipin MOS
memorytechnologytendto engagein FDI activitiesnot only in advanced
countriesbutalsoin NIEswhilethosefirmslaggingin thistechnologymay
be limitedto FDI only in NIEs.
To test these hypotheses,we constructmeasuresof firms' technological
leadershipin four distinct seminconductortechnologies,drawingon the
data in Sakuma[1983].The data allow identificationof a specific inno-
vation in a particularyearwith the firm that introducedthe innovation,
and witha specificareaof fourbroadlydefined,distincttechnologyareas
fortheperiod1975-1982.Thislistof innovationsincludesonlythoseleading-
edge innovationsthat are likelyto open a considerablegap. Innovations
affordleaderfirmsa transcientmonopolyoverfollowerfirmswhile they
maintainthe leadership.Toaccountfor the time periodduringwhichthe
firm's leadershipis sustained,and the time lag betweenthe introduction
of innovationsandmarketimpact,thesemeasuresareconstructedbycumu-
latingthe firm'sannualcountof innovationsin a specifictechnologyarea
overthelastthreeyearsandbylaggingthiscumulativecounta year.4Thus:

INMME The leadershipmeasure of the firm in the MOS
memorytechnologyarea.

INMCR Theleadershipmeasureof the firmin theMOS-based
microprocessortechnologyarea.

INBDG Theleadershipmeasureof thefirminthebipolardigital
technologyarea.

INBLN Theleadershipmeasureof thefirminthebipolarlinear
(analog) technologyarea.

Breadthofproductline:Thefirm'sbreadthof productlinemayinfluence
its competitiveposition in foreignmarketsand FDI behaviorthrough
economiesof scope[Baumol,PanzarandWillig1982;Teece1980]anddif-
ferentiationadvantageassociatedwitha broadproductline.The strategic
advantagebasedon scope economiesmayresultat the foreignsubsidiary
level or permeatethroughits entiremultinationalsystem,in either case
affectingits FDI behavior.
Cost savingsdueto the R&Dactivitiescommonto differentsemiconductor
technology areas are likely to influence the firm's competitiveness
throughoutitsmultinationalsystem.Theknowledgeandknow-howgained
in such R&Dactivitiesmaycarryoverat a low incrementalcost not only
across productareasbut also acrossnationalborderswithinthe firm.
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Cost savingsmay occuralso at the foreignsubsidiarylevel. In a foreign
productionlocation, the same processequipmentcan be sharedacross
productsthat arebasedon the sameprocesstechnology.Similarly,a firm
witha broadproductlinemaybeableto attaina lowerunitcostinmarketing
activitiesin a foreignlocationbysellinga packageof multipledevicesrather
than a singleproduct.
Moreover,firms that offer a broadproductline may be able to achieve
a differentiationadvantageassociatedwithmultipleproducts.In thesemi-
conductorindustry,this advantagemayderivefromthe end-users'needs
for multiple, functionallydifferentyet complementaryand technically
compatiblesemiconductordevicesin systemsintegration.
These strategicadvantagesmay facilitatefirms' penetrationin foreign
markets,and increasethe size of their FDI activities.To capturethis
influence,we introduce:

PRSCP The measureof the firm'sbreadthof productline in
its integratedcircuitbusiness.

Verticallinkageswithdownstreamsystemsbusinesses:TheseJapanesesemi-
conductorfirmsarepartiallyverticallyintegratedwiththeirowndownstream
systemsequipmentbusinessesin theirdomesticoperations[Kimura1986].
Thesetaperedverticallinkagesmayaffectthecompetitivepositionsof firms
in foreignlocations.
Thesefirms'verticallinkagesarelikelyto affecttheirFDIbehaviorthrough
economiesattainedin R&Dfor systemsintegrationtechnologythat links
semiconductordevicedesignandsystemsapplication,andthroughproduct
differentiationbasedon theknowledgeof systemsintegration.Thestrategic
advantagesderivefromthe factthattheICdevicesincreasinglyincorporate
subsystemson the chips, and that chip manufacturersare increasingly
requiredto possesstheknowledgein systemsintegrationineachdownstream
area.Integratedfirmsshouldbe ableto eliminatetheduplicationin R&Dat
atthetwostages.Theyalsomaybeableto differentiate-dueto theirknowl-
edge of systemsintegration-their IC devicesfromthose of unintegrated
chipmakers,offeringdevicesthatbettermeetthesystemsintegrationneeds
of final systemsmanufacturers.Theknowledgeand know-howin systems
integrationcanalsobe readilytransferredto andputto usein foreignloca-
tions.Thesehypothesesaretestedusingthe followingvariables.Toaccount
forthedifferencesinthetypesof semiconductordevicesinparticularsystems
applicationsareas,we introducetwo separatemeasures:

VTECI The measureof the degreeof the verticallinkagesof
the firm'ssemiconductoroperationwithits ownbusi-
nessesin the areaof computersand telecommunica-
tions equipment.

VHOM1 The measureof the degreeof the verticallinkagesof
the firm'ssemiconductoroperationwithits ownbusi-
nesses in the areaof consumerelectronics.
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Thesemeasuresareconstructedas theproportionof salesof a distinctgroup
of final systemsproductsthat tendto use certaintypes of semiconductor
devicesto total salesof thesetwo broadproductgroups,multipliedby the
ratioof captiveconsumptionto the valueof total semiconductorproduc-
tion. Thesevariablesthus measurethe degreeof verticallinkagebetween
the semiconductoroperationand one of the two broadgroupsof final
systemsproducts.Moreover,thefirm'ssaleproportionof a groupof systems
productsmay,we wouldargue,proxythe depthof its systemsknowledge
andknow-howin theproductareathataffectits capabilityof systemsinte-
grationin chip design.
Weexpectthat the firm'sFDI activitiesin developedcountriesshouldbe
positively relatedto VTEC1and unrelatedto VHOM1,reflectingthe
demandpatternandthe types of devicesproducedin these locations.We
predictthe oppositerelationshipfor FDI activitiesin NIEs.
Firmsizeanddiversification:Thelastsetof variablesin ourspecifiedmodel
pertainto the sizeof the firm'sdomesticsemiconductoroperationandthe
degreeof its diversification.Unlikethe earlyproponentsof oligopolistic
theoryof FDI [Hymer1960;Horst 1972],we will follow Swendenborg's
[1979]analysis.Wehypothesizethat the samestrategicadvantages,partic-
ularlythosebasedon technologies,thatmakethe firmlargeat hometend
to makeit largeabroad,and that firm size maybe merelya reflectionof
these strategicadvantages.
Giventhe strategicadvantages,the largerthe firm growsrelativeto the
domesticmarket,the less profitableit would be to increaseits domestic
sharerelativeto expandingto foreignmarketsorto diversification.Foreign
marketpenetrationand diversificationin the domestic markets,then,
become alternativesfor the growthof the firm [Swendenborg1979].
A foreignmarketcanbe servicedvia exportor FDI, andthe choiceof the
productionlocationhingeson the relativecost that is determinedby such
factorsas tariffs, taxes,and input factorprices.However,the size of the
firm'sdomesticoperationmayalso affectthe cost andinfluenceits choice
to undertakeFDIif productionis subjectto substantialeconomiesof scale.
Withsubstantialproductioneconomiespresent,it willlikelyserviceforeign
marketsviaexportuntilMESis exhaustedin itsdomesticplant,andperhaps
waitto commenceproductionin a foreignlocationuntilthe salesvolume
in the location reachesMES.
Whilefirmsize tendsto reflectthe firm'sstrategicadvantagesotherthan
size,it maythusplayitsownrolein influencingthefirm'sdecisionto under-
takeFDI. To account for this influence,we includein our model:

LDMSA Thenaturallog of the firm'sdomesticmerchantsales
of semiconductors.

The last variableis a measureof the firm'sdiversification.As arguedin
theprecedingparagraph,the degreeof diversificationshouldbe negatively
relatedto the firm'sFDI activities.Thus, we introduce:

DIVSF Themeasureof thedegreeof thefirm'sdiversification.
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Thisis a proxymeasureof thedegreeof the firm'sdiversification,andit is a
countof theJapanSIC3-digitindustriesin whicheachfirmoperatedduring
the timeperiodunderinvestigation.TheHerfindahltypesof measuresare
moredesirable,butthe line-of-businesssalesof eachfirmarenot available.

THE EMPIRICALRESULTS

The resultsof our empiricalestimationof the modelareshownin Tables
2 and3. Tables2 and3 showrespectivelythecorrelationcoefficientsamong
variablesusedin our test andthe resultsof our estimationusingtobit. As
discussedearlier,the model is estimatedusing one-tailtruncatedregres-
sion, or tobit, and the estimatesaremaximumlikelihoodestimates.
Overall,theresultsseemmoreor lessconsistentwithourhypotheses.Both
equationsperformedreasonablywell.5Theysuggestthatthe hypothesized
strategicadvantagesare often importantinfluenceson the firm's FDI
behaviorin thisindustry.Thoughourresultsseemsupportiveof ourhypo-
theses,a wordof cautionis inorder.As discussedearlier,ouranalysissuffers
seriouslimitations,andtheseresultsmustbe seenas highlytentative,hence
their interpretationrequirescaution. We now examinethe resultsmore
closely focusingon those hypothesizedinfluences.
Technologicalinnovation:As hypothesized,the technologicalleadership
measuresareoften significantdeterminantsof the size of FDI activities.
Particularly,the firm'sleadershipin the MOSmemoryandbipolardigital
technologiesseemsto havea pervasiveinfluenceon the firm'sFDI activ-
ities. INMMEhaspositivesignificantcoefficientsin bothequations,while
the coefficientof INBDG is positiveand significantin the FDIAD equa-
tion. The coefficientsof INMCRand INBLN, however,are statistically
insignificantin both equations.
Theseresultsareconsistentwithourhypothesesfor theFDIAD equation.
Wearguedearlierthat the majormarketfor semiconductorsin advanced
countriesis for the devicesfor computersand telecommunicationsappli-
cations,suchasMOSmemoryandbipolarlogic devices,andthat the firm
mustpossessstrategicadvantagesin thosetechnologies,butnot in bipolar
lineartechnology,to undertakeFDI in those locations.Thebipolarlinear
technologyis not appropriatetechnologyfor the market,and does not
providea basisforstrategicadvantageforcompetingwithindigenousfirms.
Theinsignificantcoefficientof INMCRintheFDIADequationis somewhat
puzzling.It maysuggesta technologicallagthe Japaneseleaderfirmsface
vis-a-visindigenous(readU.S.) firmsandtheirinabilityto competeeffec-
tively in this technology/productarea.
The resultsof the FDIDV equationare, however,inconsistentwith our
predictions.Giventhe focusof theJapanesesemiconductorFDI on produc-
tion of bipolarlineardevicesin NIEs,andgiventheproduct-specificityof
semiconductortechnology,we expectedthat INBLN is positivelyrelated
to FDIDVwhileothertechnologicalleadershipmeasuresareunrelated.The
negativeinsignificantcoefficientof INBLNsuggeststhatthetechnological
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TABLE2
Correlation Coefficients among Dependent and Explanatory Variables

INMME INMCR INBDG INBLN PRSCP VTEC1 VHOM1 LDMSA DIVSF
INMME 1.000
INMCR 0.219 1.000
INBDG -0.119 -0.032 1.000
INBLN 0.101 0.445 -0.145 1.000
PRSCP 0.561 0.234 0.027 0.055 1.000
VTEC1 0.556 0.093 0.276 -0.051 0.131 1.000
VHOM1 -0.467 0.025 -0.286 0.211 -0.653 -0.317 1.000
LDMSA 0.507 0.442 -0.199 0.245 0.759 0.143 -0.325 1.000
DIVSF -0.052 -0.104 -0.359 0.081 0.418 -0.515 0.196 0.344 1.000

FDIAD 0.604 0.489 0.227 0.255 0.622 0.505 -0.477 0.679 -0.196
FDIDV 0.388 0.691 0.090 0.284 0.419 0.165 -0.253 0.546 -0.172

TABLE3
Truncated Regression (Tobit)Analysis Explaining Size of FDI Activities

Independent Dependent Variables
Variables FDIAD FDIDV
Const -19.340 -10.766

(-3.843) (-3.376)
INMME 0.453b 0.782C

(2.239) (1.698)
INMCR 0.264 1.222

(0.723) (1.510)
INBDG 1.964a 2.866

(2.660) (1.601)
INBLN 0.865 -1.461

(0.951) (-0.981)
PRSCP 0.696a 0.329

(2.591) (0.801)
VTEC1 6.528C -23.451 a

(1.895) (-4.258)
VHOM1 7.164 8.609

(0.779) (1.227)
LDMSA 2.142a 4.147a

(3.376) (3.433)
DIVSF -0.078 _0.303a

(-1.456) (-3.056)
Notes: 1. Figures in parentheses are t-values.The significance of the regression coefficients

is tested using a two-tail test.
a. Coefficient is significant at 99% level.
b. Coefficient is significant at 95% level.
c. Coefficient is significant at 90% level.

2. Numberof observations: 45

leadershipis not a majorfactorforundertakingFDI. ForundertakingFDI
in NIEs,otherfactors,suchasverticallinkagesandlocationalfactors,may
be more importantdeterminants.
This result may indicate that the firms have undertakenFDI in NIEs
not mainly for exploiting their strategic advantagein bipolar linear
technology,but for otherreasons.The timingof theseFDI, concentrated
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in thelate1960sandearly1970s,showsthattheymayhavebeenthestrategic
responseto achievethe laborcost paritywith the off-shoreproductionby
U.S. semiconductor firms in those countries. At these locations, the Japa-
nese firms have performedonly the labor-intensiveassemblystage of
production.Also, the positiverelationshipwith the verticallinkagewith
consumerelectronicsmay indicatethat these FDI servedas a captiveor
stable sourceof semiconductordevicesfor the firm'sown or its buyers'
consumerelectronicssubsidiariesin NIEs.
ThepositiverelationshipbetweenINMMEandFDIDVis alsoinconsistent.
This resultsuggeststhat the knowledgeand know-howgainedin R&Din
MOS memorymightcarryoverto bipolarlineardevices,a productarea
that is technologicallyremotefrom MOS memory.Knowledgein MOS
memorymay not carry over directly,but it may facilitatebetter design
compatibilityof lineardeviceswithrelatedMOSproductsusedin systems
integration,and improvethe firm'scompetitivenessin foreignmarkets.

Breadthof productline and verticallinkages:In both equationsthe coef-
ficient of PRSCP is correctlysigned,and it is statisticallysignificantin
explainingthe size of FDI activitiesin advancedcountries.
This resultsupportsour contentionthat the firm's segmentscope may
influencethe sizeof its FDI activitiesin an industry.Theinfluencederives
from economiesof scope attainablein variousactivitiesthroughoutthe
firm'sentiremultinationalsystemorat a subsidiarylevel,andfromproduct
differentiationadvantageassociatedwithmultipleproducts.Althoughwe
areunableto decomposethe influenceof PRSCP into those arisingfrom
economiesof scope and those fromdifferentiation,PRSCP seems to be
capturingthese influences.
The high significanceof these influenceson FDI activitiesin advanced
countriesmayreflectthenatureof thedemandforsemiconductorsin those
locations. The demandis largelyfor the chips for computersand tele-
communicationssystemsin thoselocations,anda systemrequiresin integra-
tion a broadarrayof functionallydifferent,yettechnicallycomplementary
and compatibleICdevices.Thismayoffer firmsanopportunityto exploit
potential scope economies in R&D,production,and marketing,and an
opportunityto differentitatetheirproductsfromthoseof competitors.This
may explainthe stronginfluenceof PRSCP on the size of FDI activities
in advancedcountries.
The verticallinkagemeasures,VTECIand VHOM1,showthe patternof
resultsconsistentwithourpredictions.As predicted,FDIAD equationhas
positive,significantand positive,but insignificantcoefficientson VTECI
and VHOM1respectively.IntheFDIDVequation, VHOM1hasa positive
coefficientas predicted,but it is statisticallyinsignificant.Weexpecteda
strongerpositiveeffect of VHOM1for this equation.The coefficient of
VTECIis negative,andsignificant.Wehypothesizedno influenceof VTECI
on FDIDV'but this resultshouldnot be surprising.Those firmsthat are
verticallyintegratedwith computerand telecommunicationsequipment
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businesstend to have strategicadvantagesin MOS memoryand bipolar
logictechnologiesandsystemsintegrationknow-howinthesesystemsequip-
ment. In resourceallocationfor FDI activities,theymayface a choiceof
locationsof theirFDI, anddecideto locatetheirFDIin advancedcountries
wherethey areable to exploittheirstrategicadvantages.This may result
in the negative,significanteffect of VTEC1on FDIDV
Firmsizeanddiversification:Theresultsshowthatthefirm'sdomesticsize
is the persistent,powerfulinfluenceon the size of FDI activitiesin both
locations. The coefficienton LDMSAis positive,and statisticallyhighly
significant.Theseresultssuggestthat the largerthe domesticsize of the
firm,thelargerthe sizeof its FDI activities,andthis seemsconsistentwith
the findingof Horst [1972].
However,our resultsdiffer fromthose of Horst. In our resultsfirm size
is only one of the severalfactorsthat explainthe intra-industryinterfirm
variationsin the size of FDI activities.Moreover,as Table2 shows, firm
size is collinearwith strategicadvantagemeasuresINMMEand PRSCP,
suggestingthatfirmsize maybe a surrogateof thesestrategicadvantages.
The relativelyhigh correlationbetweenfirm size and strategicadvantage
measures may provide a confirmation of Swendenborg'shypothesis.
However,despitetherelativelyhighcollinearity,firmsizeandthosestrategic
advantagemeasuresareall significantin explainingthesizeof FDIactivities.
Thus it seemsthat firm size has its own influenceon FDI size indepen-
dentlyfromthoseof strategicadvantages.As wesuggestedearlier,the firm
mayfirstexhausteconomiesof scaleathomelocationsandbuildup foreign
sales throughexportto the levelof MESbefore it undertakesFDI. Firm
size is, then, an importantelementin the firm'sdecisionto stayhome or
to go abroad,and the influenceof firm size on the size of FDI activities
may fade once it becomesa foreigninvestor.
A comparisonof the resultsof ourtobitanalysiswiththeOLSregressions
based on the samplethat includesonly those firmsthat arealreadyFDI
investorsseemsto supportthis conjecture.Our tobit sampleincludesall
ninefirms,bothFDIinvestorsandnon-investors,andLDMSAhasa strong
influenceonFDIsize.However,intheOLSregressionsbasedon theinvestor
firm sample,the influenceof firm size fades considerably.
The last factorincludedin our analysisis the degreeof the firm's diver-
sification.Ourhypothesiswasthat it has a negativeimpacton the size of
FDI activitiesas diversificationis an alternativeto FDI in growthof the
firm.Ourresultsstronglysupportthis.Thecoefficientof DIVSFis correctly
signedin both equations,and significantin the FDIDVequation.This is
consistentwithour hypothesis,and also with the resultsof Swendenborg
[1979].

CONCLUSIONS

This paperexaminedthe sourcesof variationsin the firm'sFDI activities
in the Japanesesemiconductorindustry.We startedthis paperwith the
premisethat the firmmay differin economicallyimportantaspectsother
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than size withinan industry,and arguedthat the variationsacrossfirms
in theinternationally-transferablestrategicadvantagesgiveriseto variations
in the firm'sFDI behavior.Severalhypotheseshavebeen developedand
tested concerningthe specific strategicadvantagesthat are likelyto give
riseto variationsin the firm'sFDIbehaviorin thesemiconductorindustry.
Our resultsshow that the firm's technologicallead in particularsemi-
conductortechnologyareasdrivesit to engagingin FDIparticularlyin the
advancedcountries.Theysuggestthatthe strategicadvantagesassociated
withbroadbreadthof productlineandpartiallyinternalizedverticallinkages
maytransferto foreignlocationsandhavesome effectson the size of the
firm'sFDIactivities.Theyalso implythat the firm'sdomesticsize in part
reflectsthe strategicadvantagesthat are also importantto makeit large
in foreignlocations,and also thatit itselfplaysits ownrolein influencing
the firm'sdecisionto go overseas.Ourresultsalso suggestthat domestic
diversificationis an alternativeto FDI in the growthof the firm.
Althoughthe resultsof this studyareby and largeconsistentwith theory,
they shouldbe regardedas highlytentativeand needcautionin interpre-
tation.Thisstudyfocusesentirelyon a singleindustry.Thedataarelimited.
Themeasurementis crude.Thesampleusedwasalso too smallto examine
and correctfor potentialautocorrelationovertime. Thesearethe limita-
tionsinherentindealingwitholigopolisticindustriesinwhichmultinational
direct investmentis prevalent.Wemust acknowledgethese serious limi-
tations of this study.
Grantedthat this paper suffersthese limitations,it still presentsa piece
of modestempiricalevidence.Perhapsmoreimportant,it pointsto a new,
interestingavenueof researchthatmaylead to richanalysesof the firm's
FDI behaviorwithinan industryandtheirtestableimplications.Thisstudy
showsthatweareableto definemoreorlesspreciselyfirm-specificstrategic
advantages,and that they often influencesignificantlythe firms' multi-
national FDI behavior.It suggeststhat the focus on the broadindustry
characteristicsalone is not sufficientfor furtheringourunderstandingof
firms'behavior.Tofurtherourknowledge,wemustdelveintothecomplex-
itiesandrichnessof firms'characteristics,so asto identifyspecificsources
of strategicadvantagesandto disentangletheirinfluencesthatunderliethe
firms'variedmultinationalFDI behaviorwithinan industry.Clearly,this
requiresus to overcomethe sortsof limitationsthatthispapersuffers,but
we hope that researcherswill develop ingenious approachesto pursue
researchin the directionthis papersuggests.

APPENDIX
Definitions of Variablesand Sources of Data

ExplanatoryVariables
1. The firm'stechnologicalleadership

Followingvariablesare constructedas a sum of the firm's annual
countof innovationsandnewproductintroductionsin eachof the four
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technologyareas,as definedbelow,in the yearst-1, t-2, t-3, where
t= 1978,1979,1980,1981,and 1982.[Source:A. Sakuma,Nihon Kigyo
no KenkyuKaihatsu[ResearchandDevelopmentof theJapaneseFirms],
BusinessReview30 (1983)]

INMME Leadershipin MOSmemorytechnology.
INMCR Leadershipin MOS-basedmicroprocessortechnology.
INBDG Leadershipin bipolardigital technology.
INBLN Leadershipin bipolarlineartechnology.

2. The firm'sbreadthof productline.
PRSCP An annualcountof ICproductcategories,asdefined

in the Yano Economic ResearchInstitute surveys
(nineteencategoriesin total), in whicha firm pro-
ducedandsolemicrodevicesin a yearduringtheyears
from 1978through1982. [Source:YanoEconomic
ResearchInstitute,Semiconductor/Microelectronics
Industryin Japan,1982and 1984nen-banHandotai
Shijo no Chuki Yosoku.]

3. The measuresof the degreeof the firm'sverticallinkage

VTECIDVTECxR7CAP

VHOM1DVHOMxRTCAP

where,
DVTEC Firm'sannualsalesin computerandtelecommunica-

tions equipment,
DVTEC Firm's annual sales in computerand telecommun-

ications equipment,divided by its annual sales in
computers,telecommunicationsequipmentandcon-
sumerelectronicsequipmentin the five yearsfrom
1978through 1982.

DVHOM Firm'sannualsales in consumerelectronicsequip-
ment, dividedby its annualsalesin computers,tele-
communicationequipmentandconsumerelectronics
equipmentin the fiveyearsfrom 1978through1982.

[Source for above two variables:YukashokenHokokusho of NEC
Corporation;Hitachi, Ltd.;ToshibaCorporation;MitsubishiElectric
Corporation;FujitsuLtd.;Oki ElectricIndustryCo., Ltd.;Matsushita
ElectronicIndustrialCo., Ltd.;TokyoSanyoElectricCo., Ltd; Sanyo
ElectricCo., Ltd.; and SharpCorporation,for 1978-1982.].

RTCAP Theratioof thevaluesof a firm'scaptiveconsump-
tionof semiconductordevicesto thevaluesof its total
production,for 1980and 1982.The 1982ratiois used
for 1981and 1982,andthe 1980ratiofor 1978,1970,
and 1980.[Source:YanoEconomicResearchInstitute,
Semiconductor/MicroelectronicsIndustryin Japan,
1982 and 1984 nen-banHandotai Shijo no Chuki
Yosoku, 1983 (Tokyo, Japan: Yano Economic
ResearchInstitute).].
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4. The measureof the firm'sdomesticsize
LDMSA Naturallog of the firmsdomesticmerchantsalesof

semiconductorsin the year t, wheret=1978, 1979,
1980, 1981, and 1982. [Source: Yano Economic
ResearchInstitute,Semiconductor/Microelectronic
IndustryinJapan,1982,and1984nen-banHandotai
shijo no Chuki Yosoku,1983.]

5. The measureof the degreeof the firm's diversificationof domestic
operations

DIVSF The count of the three-digitJapan SIC industries
otherthanthe semiconductorindustryin whichthe
firm producedin the year t, wheret=1978, 1979,
1980, 1981,and 1982. [Source:YukashokenHoko-
kusho of NEC Corp.;Hitachi, Ltd.;ToshibaCorp-
oration; MitsubishiElectric Corporation;Fujitsu
Ltd.; Oki Electric IndustryCo., Ltd.; Matsushita
ElectricIndustrialCo., Ltd.; TokyoSanyoElectric
Co., Ltd.; and SharpCorporation,for 1978-1982.]

Dependent Variables
The measureof the size of the firm'sFDI activitiesin the defined loca-
tions is the cumulativeamountof capital(in millionsof yen)paid into all
the semiconductorproductionsubsidiariesin the locationsas defined as
of the yeart, wheret = 1978,1979,1980,1981,and 1982.[Sources:Yuka-
shokenHokokushoof NECCorporation;FujitsuLtd.;OkiElectricIndustry
Co., Ltd.;MatsushitaElectricIndustrialCo., Ltd.;TokyoSanyoElectric
Co., Ltd.; SanyoElectric Co., Ltd.; and Sharp Corporation,for 1978-
1982. TokoKezai,ed., JapaneseMultinationals:Factsand Figures1983,
1983. NikkeiElectronics,Microdevices,1983and June 1985.]

FDIAD Themeasureof thesizeof the firm'sFDIactivitiesin
thesemiconductorindustryin theadvancedcountries.

FDIDV The measureof the size of the firm'sFDI activities
in the semiconductorindustryin the NICs.

NOFES

1. Thesenine firmscontrolabout90%0of the industry'stotal production.See Seno-o[1983].

2. As a measureof thesizeof the firm'sFDIactivities,totalsalesor totalassetsof its foreignsubsid-
iariesaredesirableas theyreflectthe sizeof FDI activitiesmoreaccurately.Thesedata,however,are
not available.
3. Parrillo[1983],NikkeiElectronics[February10, 1986]andNikkeiElectronics[February1986].

4. Fora moredetaileddiscussion,seeKimura[1986],chap.5. Thecumulativelag structureis based
on the observationthatit took aboutthreeyearsfor followerfirmsto catchup withleaderfirmsin
the MOSmemorytechnologyareaduringthe periodcoveredin the analysis.Sincemorethan60%
of the innovationscoveredin the analysisarerelatedto the MOStechnology,it was assumedthat
a similarintertemporalgapexistedin othertechnologyareasas well.Theone-yearlag is ratherarbi-
trary.Somenewinnovationsseemto havehada moreimmediatemarketimpact,but some others
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reqireda longerleadtime.Variousstructuresof time periodof sustainingleadershipand lags were
attemptedin the preliminaryresearch,andthis specificationperformedbest.
5. Thereis nogoodmeasureof overallgoodnessof fit inthetobitmodeldueto itsstatisticalproperties,
andweareforcedto usea lessformalmeasure.Ourresultssuggestthat67%and53%56of theestimated
valuesfall withinthe 10%orangeof the actualvaluesfor FDIAD andFDIDVrespectively.
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